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OPTICAL PICKUP HEAD DEVICE,
INFORMATION
RECORDING/REPRODUCING APPARATUS,
AND METHOD FOR RECORDING
INFORMATION

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
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical pickup head
device that 1s used 1n an apparatus for recording, reproducing
or erasing information on an optical recording medium and an
information recording/reproducing apparatus. The present
invention also relates to an information recording method that
employs the optical pickup head device.

2. Description of the Related Art

An optical memory technique that uses optical disks hav-
ing pit patterns as high-density large-capacity recording
media 1s finding wide application, e.g., to digital audio disks,
video disks, document file disks, and data files. In recent
years, high-density large-capacity optical disks, called DVD,
have been put to practical use and attracted considerable
attention as information media that can handle mass informa-
tion like animation. The DVD optical disks are recorded/
reproduced with a so-called red semiconductor laser that
emits a laser beam having a wavelength of about 650 nm.

FI1G. 10 shows the configuration of a general optical system
used 1 an optical pickup head device of an optical disk
system that can perform recording and reproduction. A semi-
conductor laser source 1, 1.e., a light source, emits a linearly
polarized divergent beam 700 having a wavelength A1 of 650
nm. The beam 700 emitted from the semiconductor laser 1
enters a diffraction grating 60. The diffraction grating 60
divides the beam 700 into three beams: a zero-order difiracted
light beam and zfirst-order diffracted light beams. The zero-
order diffracted light beam 1s a main beam 700a for recording/
reproducing information. The =zfirst-order difiracted light
beams are two sub-beams 700b, 700c used for differential
push-pull (DPP), with which a tracking error signal can be
detected stably. To avoid unnecessary recording by the sub-
beams, the ratio of diffraction efficiency of the zero-order
diffracted light beam 700a to each of the first-order difiracted
light beams 700b, 700c¢ 1s generally about 20:1. The three
beams 700a to 700c generated 1n the diffraction grating 60
pass through a polarizing beam splitter 52 and enter a colli-
mator lens 53 having a focal length o1 20 mm. The collimator
lens 53 converts the beams 1nto parallel light. The beams 700a
to 700c thus collimated pass through a quarter-wave plate 54,
where the beams are converted 1nto circularly polarized light.
Then, the beams are converted 1nto convergent beams with an
objective lens 56 having a focal length of 3 mm, pass through
a transparent substrate 41a of an optical recording medium
41, and are focused on an information recording plane 41b.
The aperture of the objective lens 56 1s limited by an aperture
55 so that the NA 1s 0.6. The transparent substrate 41a has a
thickness of 0.6 mm.

FIG. 11A 1s a front view schematically showing the dif-
fraction grating 60, and FIG. 11B 1s a cross-sectional side
view ol the diffraction grating 60. A Y-direction 1s parallel to
a tangent to the track on the optical recording medium 41 and
an X-direction 1s perpendicular thereto. Straight grating pat-

10

15

20

25

30

35

40

45

50

55

60

65

2

terns are formed on the diffraction grating 60 at an equal
period of Pt. The grating depth d0 is set so that the ratio of
light amount of the beam 700a to each of the beams 700b,
700c 15 20:1. An angle 0 between a spatial frequency axis 60d
of the diffraction grating 60 and the Y-axis 1s determined by
the positional relationship between the tracks on the informa-
tion recording plane 41b and the focused beams 700a to 700c,
and generally 1s 1n the range of about 1 to 2 degrees.

FIG. 12 shows the relationship between the beams 700a to
700c on the information recording plane 41b and the tracks.
The optical recording medium 41 1s provided with continuous
grooves that serve as the tracks. The track period Tp 1s 0.74
um. The beams are arranged so that when the main beam 700a
1s positioned on a track, each of the sub-beams 700b, 700c 1s
positioned between tracks. In other words, a distance L
between the main beam 700a and the sub-beam 700b or 700¢
in the direction perpendicular to the tracks 1s 0.37 um.

The beams 700a to 700c reflected from the information
recording plane 41b pass through the objective lens 56 and
enter the quarter-wave plate 54, where the beams are con-
verted into linearly polarized light that differs by 90 degrees
from the light traveling from the semiconductor laser 1 to the
optical recording medium 41. Then, the beams are converted
into convergent beams by passing through the collimator lens
53 and reflected from the polarizing beam splitter 52. The
beams 700a to 700c reflected from the polarizing beam split-
ter 52 pass through a cylindrical lens 57 and enter a photode-
tector 31. The transmission of beams 700a to 700c through
the cylindrical lens 57 imparts astigmatism to the beams. The
photodetector 31 includes eight light recerving portions 31a
to 31h. The light recerving portions 31a to 31d recerve the
beam 700a, the light recerving portions 31e, 311 recerve the

beam 700b, and the light recerving portions 31g, 31h receive
the beam 700c. Each of the light receiving portions 31a to 31h
outputs a current signal that corresponds to the amount of
light recerved.

The output signals of the light recerving portions 31ato 31d
for recerving the main beam 700a are used to generate a
focusing error signal with an astigmatism method, a tracking
error signal with a phase-difference method, and a tracking
error signal with a push-pull method. When a disk having
continuous grooves such as DVD-RW (registered trademark)
1s recorded/reproduced, the output signals of the light receiv-
ing portions 31¢ to 31h for recerving the sub-beams 700b,
700c are used together with the output signals of the light
receiving portions 31a to 31d so as to generate a tracking error
signal with a DPP method. The focusing error signal and the
tracking error signal are amplified to a desired level and
phase-compensated, and then sent to actuators 91, 92, thereby
performing focusing control and tracking control.

In DVD, a two-layer disk that includes two information
recording planes 1s standardized for read-only ROM disks. A
conventional optical pickup head device can read information
from the read-only two-layer disk without any problems by
detecting a tracking error signal with the phase-difference
method.

Research and development of an optical recording medium
having two recordable information recording planes (herein-
alter, referred to as a two-layer recording disk) has yielded
significant results. Since no nformation i1s written 1n the
two-layer recording disk 1n 1ts iitial state, a tracking error
signal cannot be detected with the phase-difference method.
Accordingly, like an optical recording medium having a
single recordable information recording plane (hereinafter,
referred to as a single-layer recording disk), the tracking error
signal should be detected with the DPP method.
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However, there 1s a problem of using the two-layer record-
ing disk 1n a conventional device having the above configu-
ration. Even i1 a tracking error signal 1s detected by the DPP
method, 1t causes uncorrectable offset fluctuations when the
objective lens follows tracking or the optical recording
medium tilts. The reason for this 1s as follows. When 1nfor-
mation 1s recorded on one of the information recording planes
(hereinafter, this information recording plane 1s referred to as
a focusing plane), the beam focused on the focusing plane 1s
partly reflected and partly transmitted by the focusing plane.
The transmitted beam reaches the other information record-
ing plane (hereinafter, this information recording plane 1s
referred to as a non-focusing plane) 1n a defocused manner.
The beam reflected from the non-focusing plane also enters
the photodetector. However, this beam cannot be cancelled
completely by the DPP method for detecting a tracking error
signal because of aberration, a nonuniform light amount of
the beam, or the like. Theretfore, the amount of beam that 1s
not cancelled varies when the objective lens follows tracking
or the optical recording medium tilts, causing ofiset fluctua-
tions 1n the tracking error signal. As a result, off-track occurs
and erases some of the information recorded on the adjacent

tracks during recording, so that information recorded on the
optical recording medium cannot be read faithiully.

SUMMARY OF THE INVENTION

Therelfore, with the foregoing 1n mind, 1t 1s an object of the
present mvention to provide an optical pickup head device
and an iformation recording method. The optical pickup
head device can record information on an optical recording
medium without erasing information recorded on the adja-
cent tracks and achieve faithful reading of the information
recorded on the optical recording medium. Moreover, the
optical pickup head device can reduce oflset fluctuations 1n a
tracking error signal even when an objective lens follows
tracking or the optical recording medium tilts. Further, 1t 1s an
object of the present invention to provide an information
recording/reproducing apparatus that includes the optical
pickup head device.

An optical pickup head device of the present invention
includes the following: a light source for emitting a light
beam; a diffraction means for diffracting the light beam from
the light source 1nto a plurality of beams of zero-order diif-
fracted light and at least first-order diffracted light; a conver-
gence means for converging the beams from the diffraction
means on an optical recording medium; a beam splitting
means for splitting the beams reflected from the optical
recording medium; and a photodetection means for recerving,
the beams from the beam splitting means and outputting a
signal that corresponds to the amount of light recetved. The
optical recording medium includes tracks for recording infor-
mation. The diffraction means includes grating patterns with
a nonuniform period or phase. The size of the at least first-
order diffracted light converged on the optical recording
medium 1s larger 1n the direction parallel to a tangent to the
track than in the direction perpendicular to the tangent.
P1/P0>PW2/PW1 1s established, where PW1 represents the
power ol the zero-order diffracted light converged on the
optical recording medium that i1s required to record informa-
tion on the optical recording medium, PW2 represents the
maximum power of the zero-order difiracted light converged
on the optical recording medium that allows information
recorded on the optical recording medium to be reproduced
without being erased, PO represents the light amount of the
zero-order diffracted light converged on the optical recording
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medium, and P1 represents the light amount of one of the at
least first-order diffracted light converged on the optical
recording medium.

An 1information recording/reproducing apparatus of the
present mvention includes the following: the optical pickup
head device according to the present invention; a driver for
changing a relative position between an information record-
ing medium and the optical pickup head device; and an elec-
tric signal processor for performing an operation with a signal
output from the optical pickup head device and providing
desired information.

An 1information recording method of the present invention
1s a method for recording information on an optical recording
medium with an optical pickup head device. The optical
pickup head device includes the following: a light emitting
means for emitting a plurality of light beams; a convergence
means for converging the beams from the light emitting
means on the optical recording medium; a beam splitting
means for splitting the beams reflected from the optical
recording medium; and a photodetection means for receiving
the beams from the beam splitting means and outputting a
signal that corresponds to the amount of light recerved. The
optical recording medium includes tracks for recording infor-
mation. The beams include a main beam and sub-beams: the
main beam 1s used to record information on the optical
recording medium by causing a physical change 1n the optical
recording medium; and the sub-beams are the beams other
than the main beam. The size of the sub-beams converged on

the optical recording medium 1s larger in the direction parallel
to a tangent to the track than 1n the direction perpendicular to
the tangent. P1/P0>PW2/PW1 1s established, where PW1
represents the power of the main beam converged on the
optical recording medium that 1s required to record informa-
tion on the optical recording medium, PW 2 represents the
maximum power of the main beam converged on the optical
recording medium that allows information recorded on the
optical recording medium to be reproduced without being
crased, PO represents the light amount of the main beam
converged on the optical recording medium, and P1 repre-
sents the light amount of one of the sub-beams converged on
the optical recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing the configuration of an
optical pickup head device of Embodiment 1 of the present
invention.

FIG. 2A 1s a front view showing the configuration of a
diffraction grating used 1n an optical pickup head device of
Embodiment 1 of the present invention.

FIG. 2B 1s a cross-sectional side view of the diffraction
grating.

FIG. 3 shows the relationship between an information
recording plane and beams 1n an optical pickup head device of
Embodiment 1 of the present invention.

FIG. 4 shows the relationship between tracks and beams 1n
an optical pickup head device of Embodiment 1 of the present
invention.

FIG. 5A 1s a front view showing the configuration of a
diffraction grating used 1n an optical pickup head device of
Embodiment 2 of the present invention, and

FIG. 5B 1s a cross-sectional side view of the diffraction
grating.

FIG. 6 shows the relationship between tracks and beams 1n
an optical pickup head device of Embodiment 2 of the present
ivention.
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FIG. 7A 1s a front view showing the configuration of a
diffraction grating used 1n an optical pickup head device of
Embodiment 3 of the present invention, and

FIG. 7B 1s a cross-sectional side view of the diffraction
grating.

FIG. 8A 1s a front view showing the configuration of a
diffraction grating used 1n an optical pickup head device of
Embodiment 4 of the present imnvention, and FIG. 8B 1s a
cross-sectional side view of the diffraction grating.

FI1G. 9 1s a schematic view showing the configuration of an
information recording/reproducing apparatus of Embodi-
ment S5 of the present invention.

FI1G. 10 1s a schematic view showing the configuration of a
conventional optical pickup head device.

FIG. 11A 1s a front view showing the configuration of a
diffraction grating used 1n a conventional optical pickup head
device, and

FIG. 11B 1s a cross-sectional side view of the diffraction
grating.

FIG. 12 shows the relationship between tracks and beams
in a conventional optical pickup head device.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

The above configuration of the present invention can
reduce offset fluctuations 1n a tracking error signal detected
by the DPP method even when an objective lens follows
tracking or an optical recording medium tilts, so that off-track
can be reduced as well. Therefore, when the optical recording
medium 1s a recordable two-layer disk, information can be
recorded without erasing some of the information recorded
on the adjacent tracks. Thus, it 1s possible to achieve a highly
reliable information recording/reproducing apparatus and
information recording method that enable faithful reading of
information recorded on the optical recording medium.

The diffraction means of the optical pickup head device of
the present mvention includes grating patterns with a non-
uniform period or phase. The specific configuration of the
grating patterns 1s not particularly limited. For example, the
period of the grating patterns formed on the diffraction means
may change gradually.

The grating patterns on both sides of a central portion of the
diffraction means may differ from each other 1n phase. In this
case, the phases of the grating patterns on both sides of the
central portion may be reversed by 180 degrees with respect
to each other. The central portion may have a different grating,
pattern from the grating patterns on both sides of the central
portion, and the phases of the grating patterns on both sides of
the central portion may be reversed by 180 degrees with
respect to each other.

It 1s possible that the diffraction means includes a first
pattern region, a second pattern region, and a third pattern
region, the first pattern region 1s sandwiched between the
second pattern region and the third pattern region, and a
grating pattern 1s formed 1n the first pattern region and not 1n
the second pattern region and the third pattern region.

It 1s possible that the diffraction means includes a first
pattern region, a second pattern region, and a third pattern
region, the first pattern region 1s sandwiched between the
second pattern region and the third pattern region, and a
grating pattern formed 1n the first pattern region differs from
that formed 1n the second pattern region and the third pattern
region.
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6

In this case, it 1s preferable that the average depth of the
grating pattern formed in the first pattern region 1s equal to the
average depth of each of the second pattern region and the
third pattern region.

In the optical pickup head device of the present invention,
it 1s preferable that a plurality of diffracted light beams con-
verged on the optical recording medium have the same size in
the direction perpendicular to the tracks.

In the optical pickup head device of the present invention,

it is preferable that the device satisfies (S1/S0)°~-PW2/
PW1>P1/P0>PW2/PW1, where S0 represents the size of the

zero-order diffracted light converged on the optical recording
medium in the direction parallel to a tangent to the track and
S1 represents the size of the at least first-order diffracted light
converged on the optical recording medium 1n the direction
parallel to a tangent to the track.

The optical recording medium may include two or more
information recording planes.

In the mmformation recording method of the present inven-
tion, the light emitting means of the optical pickup head
device that emits a plurality of light beams may include a light
source for emitting a single light beam and a diffraction
means for diffracting the single light beam 1nto a plurality of
beams of zero-order difiracted light and at least first-order
diffracted light. Moreover, 1t 1s possible that the zero-order
diffracted light 1s used as the main beam and the at least
first-order difiracted light 1s used as the sub-beams, and that
the diffraction means includes grating patterns with a non-
uniform period or phase.

In this case, the grating patterns with a nonuniform period
or phase can be formed specifically as described above.

Heremaiter, embodiments of an optical pickup head
device, an information recording/reproducing apparatus, and
an information recording method of the present invention will
be described with reference to the accompanying drawings.
In each of the drawings, 1dentical elements that have the same
elfect and perform the same operation are denoted by the
same reference numerals.

Embodiment 1

FIG. 1 shows an example of the configuration of an optical
pickup head device of the present invention. A semiconductor
laser source 1, 1.e., a light source, emits a linearly polarized
divergent beam 70 having a wavelength A of 650 nm. The
beam 70 emitted from the semiconductor laser 1 enters a
diffraction grating 61. The diffraction grating 61 divides the
beam 70 into three beams: a zero-order difiracted light beam
and xfirst-order diffracted light beams. The zero-order dii-
fracted light beam 1s a main beam 70a for recording/repro-
ducing information. The xfirst-order difiracted light beams
are two sub-beams 70b, 70c used for DPP, with which a
tracking error signal can be detected stably. To avoid unnec-
essary recording by the sub-beams 70b, 70c, the ratio of
diffraction efficiency of the zero-order diffracted light beam
70a to each of the first-order diffracted light beams 70b, 70c¢
1s generally about 20:1. In this embodiment, however, the
ratio 1s 10:1. The three beams 70a to 70c generated in the
diffraction grating 61 pass through a polarizing beam splitter
52 and enter a collimator lens 53 having a focal length of 20
mm. The collimator lens 53 converts the beams 1nto parallel
light. The beams 70a to 70c¢ thus collimated pass through a
quarter-wave plate 54, where the beams are converted into
circularly polarized light. Then, the beams are converted into
convergent beams with an objective lens 56 having a focal
length o1 3 mm, pass through a transparent substrate 41a of an
optical recording medium 41, and are focused on an informa-
tion recording plane 41b. The aperture of the objective lens 56
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1s limited by an aperture 55 so that the NA 1s 0.6. The trans-
parent substrate 41a has a thickness of 0.6 mm.

The beams 70a to 70c¢ reflected from the information
recording plane 41b pass through the objective lens 56, where
the beams are converted into parallel light. The beams 70a to
70c transmitted through the objective lens 56 enter the quar-
ter-wave plate 34, where the beams are converted into linearly
polarized light that differs by 90 degrees from the light trav-
cling from the semiconductor laser 1 to the optical recording
medium 41. Then, the beams are converted again mto con-
vergent beams by passing through the collimator lens 53. The
beams 70a to 70c transmitted through the collimator lens 53
are reflected from the polarizing beam splitter 52. The beams
70a to 70c reflected from the polarizing beam splitter 52 pass
through a cylindrical lens 57 and enter a photodetector 31.
The transmission of the beams 70a to 70c¢ through the cylin-
drical lens 57 imparts astigmatism to the beams. The photo-
detector 31 includes eight light recerving, portions 31ato 31h.
The light recewmg portions 31a to 31d recerve the beam 70a,
the light recelvmg portions 31e, 311recerve the beam 70b, and
the light recewmg portions 31g, 31h recerve 70c. Each of the
light receiving portions 31a to 31h outputs a signal that cor-
responds to the amount of light recerved.

The light receiving portions 31a to 31h output current
signals 131a to I31h that correspond to the amount of light
received, respectively. Using the signals 131a to 131d output
from the photodetector 31, a focusing error signal can be
obtained with the astigmatism method, 1.e., a calculation of
(I31a+131¢c)—-(131b+131d). A tracking error signal can be
obtained with the DPP method, i.e., a calculation of {(I31a+
131d)-(I31b+131¢) }-K-{(131e+131g)-(I131f+131h)}. Here,
K represents a coellicient that 1s determined by the ratio of
diffraction efliciency of the zero-order diffracted light beam
70a to the first-order diffracted light beams 70b, 70c of the
diffraction grating 61. The focusing error signal and the track-
ing error signal are amplified to a desired level and phase-
compensated, and then sent to actuators 91, 92 for driving the
objective lens 56, thereby performing focusing control and
tracking control.

FIG. 2A 1s a front view schematically showing the difirac-
tion grating 61, and FIG. 2B 1s a cross-sectional side view of
the diffraction grating 61. A Y-direction 1s parallel to a tangent
to the track on the optical recording medium 41 and an X-di-
rection 1s perpendicular thereto. Straight grating patterns are
formed on the diffraction grating 61. The period of the grating
patterns changes gradually according to a position in the
Y-direction, and there 1s the relationship given by
Pt1<Pt2<Pt3, where Ptl represents the grating period in the
upper portion of the diffraction grating 61, Pt2 represents the
grating period 1n the central portion, and Pt3 represents the
grating period 1n the lower portion. The grating depth d 1s set
so that the ratio of the light amount of the beam 70a to each of
the beams 70b, 70c 1s 10:1. A maximum power PW2 of the
zero-order diffracted light beam 70a with which the record-
able optical recording medium 41 can be 1rradiated for repro-
ducing information recorded thereon 1s 1 mW. An optimum
power PW1 of the zero-order diffracted light beam 70a for
recording information on the optical recording medium 41 1s
12 mW.

FIG. 3 shows the beams 70a to 70c¢ converged on the
information recording plane 41b of the optical recording
medium 41 with the objective lens 56. FIG. 4 schematically
shows the beams 70a to 70c on the mformation recording
plane 41b of the optical recording medium 41. The informa-
tion recording plane 41b 1s provided with grooved tracks. The
track pitch Tp 1s 0.74 um. Information 1s recorded on the
grooves. To detect a tracking error signal with the DPP
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method, the beams 70a to 70c¢ are arranged so that when the
beam 70a 1s positioned on a track, each of the beams 70b, 70c
1s positioned between tracks. In other words, both distances L
between the beams 70a and 70b and between the beams 70a
and 70c¢ 1n the X-direction are Tp/2. An angle 0 between an
imaginary line containing the beams 70b, 70c and a track 1s
generally 1 to 2 degrees. Since the angle 0 1s small, beam
expansion in the direction perpendicular to the tracks 1s neg-
ligibly small, even ifthe direction 1n which the grating pattern
period changes gradually 1s perpendicular to the grating pat-
terns. By making the direction of change in grating pattern
period perpendicular to the grating patterns, a large tolerance
can be ensured in the X-direction for installing the diffraction
grating 61 1n the optical pickup head device. It should be
noted that the diffraction grating can be produced by design-
ing the grating patterns precisely to eliminate the beam
expansion 1n the direction perpendicular to the tracks com-
pletely.

The beam 70a 1s converged to a diffraction-limited size and
focused on the information recording plane 41b. The difirac-
tion limait 1s determined by the wavelength A of the semicon-
ductor laser source 1 and the NA of the objective lens 56. The
beams 70b, 70c are converged to the diffraction-limited size
and focused on the mformation recording plane 41b 1n the
XZ-plane. However, the beams 70b, 70c are not focused on
the information recording plane 41b 1n the YZ-plane. When
viewed from the objective lens 56, the beam 70c¢ 1s focused on
this side of the information recording plane 41b and the beam
70b 1s focused on the opposite side thereof. Therefore, the
s1ze of the beams 70b, 70c on the information recording plane
41b 1n the Y-direction 1s larger than the diffraction limit. A
difference 1n focusing position in the YZ-plane between the
beams 70b and 70c and their increased size in the Y-direction
result from the fact that the period of the grating patterns
formed on the diffraction grating 61 changes gradually in the
Y-direction. The size of the beams 70b, 70c 1n the Y-direction
can be designed arbitrarily by changing the grating pattern
period of the diffraction grating 61. In this embodiment, the
s1ze 1s two times larger than the difiraction limat.

A detailed explanation of a method for designing the grat-
ing patterns of the diffraction grating 61 will be omitted
because a general method for designing and producing a
hologram can be employed. There 1s no particular limitation
to a material for the diffraction grating 61, and resin or glass
can be used. In this embodiment, the diffraction grating 61 1s
produced 1n the following manner: a master of the difiraction
grating 61 1s prepared, and then polyolefin resin 1s molded by
using the master as a die.

The ratio of power PO of the beam 70a focused on the
information recording plane 41b to power P1 of each of the
beams 70b, 70c 1s equal to the ratio of diflraction efliciency of
the zero-order difiracted light beam to each of the first-order
diffracted light beams of the diffraction grating 61, 1.e.,
P0:P1=10:1. Theretfore, there 1s the relationship given by
P1/P0>PW2/PW1. For a conventional optical pickup head
device, 11 P1/PO0<PW2/PW1 1s not established, information
that has been recorded 1s erased by the sub-beams during
recording of information on the optical recording medium 41.
In contrast, the optical pickup head device of the present
invention allows the size of the beams 70b, 70c¢ on the infor-
mation recording plane 41b to be made larger 1n the Y-direc-
tion. Therefore, the energy of the sub-beams 70b, 70c 1s
dispersed due to the increased size. Consequently, even 1f
P1/P0>PW?2/PW1, the beams 70b, 70c do not erase informa-
tion recorded on the information recording plane 41b.

It 1s not solely determined to what extent the sub-beams
should be made large 1n the Y-direction so that information
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recorded on the information recording plane 41b 1s not
erased. This 1s because the extent of increase 1n size of the
sub-beams depends on the characteristics of a recording film
that constitutes the information recording plane 41b. In gen-
eral, the maximum 1rradiation power can be raised to about
the square root of magnification at which the beam size 1s
increased. In other words, S1/580=2 can increase the power of
the sub-beams by 1.4 times, where S0 represents the size of
the zero-order diffracted light beam 70a (main beam) 1n the
direction parallel to a tangent to the track, and S1 represents
the size of the first-order diffracted light beams 70b, 70c
(sub-beams) in the direction parallel to a tangent to the track.

The mtensity of the first-order diffracted light beams 1s
higher than that in a conventional optical pickup head device.
Therefore, even 1t a two-layer recording disk 1s used as the
optical recording medium, the optical pickup head device of
the present invention 1s hardly atfected by stray light gener-
ated by a beam retlected from the non-focusing plane. More-
over, the optical pickup head device can reduce offset fluc-
tuations 1n a tracking error signal even when the objective lens
56 tollows tracking or the optical recording medium tilts and
thus can perform stable tracking control. In the case of a
single-layer recording disk, offset fluctuations 1n a tracking
error signal are caused when the objective lens 56 follows
tracking, due to scratches and dirt on the optical recording
medium or the optical components of the optical pickup head
device. However, the optical pickup head device of the
present invention can reduce the offset fluctuations 1n a track-
ing error signal and perform stable tracking control, as with
the two-layer recording disk.

To enhance the light amount of the beams 70b, 70c for an
improvement in stability of tracking control, the grating pat-
terns may be designed so that the depth d of the diffraction
grating 61 1s increased to make the beams 70b, 70c¢ larger 1n
the Y-direction. The size of the beams 70b, 70c 1n the Y-di-
rection can be set arbitrarily depending on the design of the
grating patterns. The amplitude of a tracking error signal 1s
alfected by the size of the beams 70b, 70c in the X-direction
and the track pitch and not by the size in the Y-direction.
Therefore, though the size of the beams 70b, 70c 1n the
Y-direction 1s made large in the optical pickup head device of
the present invention, a favorable tracking error signal can be
detected without adverse effect.

The configurations for recording information on the infor-
mation recording plane 41b are classified into two types:
groove format and land-groove format. In the groove format,
information 1s recorded on either grooves or between the
grooves, like DVD-RW (registered trademark). In the land-
groove format, information 1s recorded on both grooves and
between the grooves, like DVD-RAM (registered trademark).
This embodiment describes an example of the groove format.
However, the application of the optical pickup head device of
the present invention to the land-groove format 1s not a prob-
lem.

A matenial for the information recording plane 41b of the
optical recording medium 1s not particularly limited, as long
as 1t causes a physical change 1n retlectance, refractive index,
Kerr rotation angle, or the like by irradiation of light. All
general optical recording materials, such as an organic dye
material, a phase change material and magneto-optical mate-
rial, can be used.

This embodiment uses the semiconductor laser having a
wavelength of 650 nm as a light source and the objective lens
having an NA of 0.6. However, the amount of information to
be recorded on the optical recording medium can be increased
by setting the wavelength of the light source to 405 nm and the
NA of the objective lens to 0.85. Various modifications of the
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optical pickup device of the present invention may be made
without departing from the sprit and the scope of the mnven-
tion. Examples of such modifications include the following: a
focusing detection method 1s changed from the astigmatism
method to a spot size detection method, and a beam forming
prism 1s used to enhance the light utilization efficiency.

In this embodiment, the first-order difiracted light beams
70b and 70c are the same 1n diffraction efficiency. However,
the beams 70b, 70c may have different difiraction etficien-
cies. In that case, at least one of the first-order diffracted light
beams should satisty the above conditions.

In this embodiment, the first-order difiracted light beams
generated in the diffraction grating 61 serve as the sub-beams.
However, diffracted light with two or more orders may be
used as the sub-beams.

Embodiment 2

FIG. 5A 1s afront view schematically showing a diffraction
grating 62 used 1n another example of an optical pickup head
device of the present invention, and FIG. 5B 1s a cross-sec-
tional side view of the diffraction grating 62. The optical
pickup head device can be formed by using the diffraction
grating 62 instead of the diffraction grating 61 in Embodi-
ment 1.

The diffraction grating 62 includes two pattern regions 62a
and 62b. Both grating patterns formed 1n the pattern regions
62a, 62b are straight patterns and have a constant period of Pt.
However, the phase 1s reversed at an imaginary boundary line
62c 1n the center of the diffraction grating 62 by 180 degrees.
The diffraction grating 62 receives a beam 70 emitted from a
semiconductor laser source 1 and generates a zero-order dif-
fracted light beam 71a and first-order difiracted light beams

71b, 71c.

FIG. 6 schematically shows the beams 71a to 71¢ on an
information recording plane 41b of an optical recording
medium 41, together with a change 1n light intensity of each
beam spot on the left. The beam 71a 1s the zero-order dif-
fracted light beam of the diffraction grating 62. Like the
optical pickup head device of Embodiment 1, the beam 7 1a1s
converged to the diffraction-limited size, which 1s determined
by the wavelength A of the semiconductor laser light source 1

and the NA of an objective lens 36. The beams 71b, 71c are
the first-order diffracted light beams of the diffraction grating
62. The beams 71b, 71c are converged to the diffraction-
limited size in the X-direction. However, there are two peaks
of intensity for each of the beams 71b, 71c¢, so that the size of
the beams 71b, 71c¢ 1n the Y-direction 1s about two times as
large as the diffraction limit. The reason each of the beams
71b, 71c has two peaks of intensity and increases in size in the
Y-direction 1s that the phases of the grating patterns 62a, 62b
formed on the diffraction grating 62 are reversed by 180
degrees.

The optical pickup head device of this embodiment also
allows the size of the beams 71b, 71c¢ to increase in the
Y-direction. Therefore, even if P1/P0>PW2/PW1 1s estab-
lished under the condition that the ratio of intensity of the
beam 71a to each of the beam 71b, 71c 1s, e.g., 10:1, none of
the beams 71b, 71c erases information recorded on the infor-
mation recording plane 41b. Thus, a tracking error signal can
be obtained that enables stable tracking control.

In the above example, the grating patterns formed in the
regions 62a and 62b are reversed by 180 degrees with respect
to each other. However, a phase difference between the two
grating patterns 1s not necessarily 180 degrees, and the same
eifect can be obtained as long as the grating patterns have

different phases.




US RE42,325 E

11

Embodiment 3

FIG. 7 A 1s a front view schematically showing a diffraction
grating 63 used 1n another example of an optical pickup head
device of the present invention, and FIG. 7B 1s a cross-sec-
tional side view of the diffraction grating 63. The optical
pickup head device can be formed by using the diffraction
grating 63 instead of the diffraction grating 62 in Embodi-
ment 2.

Like the diffraction grating 62, the diffraction grating 63
includes two pattern regions 63a and 63b. Both grating pat-
terns formed 1n the pattern regions 63a, 636 are straight pat-
terns and have a constant period of Pt. However, the phase 1s
reversed at an imaginary boundary line 63c 1n the center of the
diffraction grating 63 by 180 degrees. The difiraction grating
63 differs from the diffraction grating 62 in that a pattern 63d
1s provided at the boundary between the pattern regions 63a
and 63b. The formation of the pattern 63d can reduce unnec-
essary light that 1s present between a zero-order difiracted
light beam and each of first-order diffracted light beams of the
diffraction grating 63 when those diffracted light beams are
converged on an mformation recording plane 41b. Thus, a
tracking error signal can be obtained that enables more stable
tracking control In the above example, the grating patterns
tformed in theregions 63a and 63b arereversed by 180 degrees
with respect to each other. However, a phase difference
between the two grating patterns 1s not necessarily 180
degrees, and the same effect can be obtained as long as the
grating patterns have different phases.

Embodiment 4

FIG. 8 A 1s a front view schematically showing a diffraction
grating 64 used 1n another example of an optical pickup head
device of the present invention, and FIG. 8B 1s a cross-sec-
tional side view of the diffraction grating 64. The optical
pickup head device can be formed by using the diffraction
grating 64 instead of the diffraction grating 63 in Embodi-
ment 3.

The diffraction grating 64 includes three pattern regions
64a to 64c. The pattern region 64a 1s provided with a grating
pattern having a period of Pt and a duty of 1:1. Neither of the
pattern regions 64b, 64c 1s provided with a grating pattern.
The whole beam 70 entering the pattern regions 64b, 64c 1s
transmitted as a zero-order diffracted light beam. The rela-
tionship given by d2=d1/2 1s established, where d1 represents
the depth of the grating pattern formed 1n the pattern region
64a and d2 represents the depth of the pattern regions 64b, 64c
(1.e., the distance from the top of the pattern region 64a). The
depth d2 1s set so that phase changes 1n the zero-order dii-
fracted light beam caused when 1t passes through each of the
pattern regions 64a to 64c of the diffraction grating 64 are the
same. As a result, the zero-order difiracted light beam gener-
ated from the diffraction grating 64 can be converged to the
diffraction-limited size on an information recording plane
41b. When the size of the pattern region 64a in the Y-direction
corresponds to 1/a of the NA of an objective lens 56, first-
order diffracted light beams that are generated 1n the difirac-
tion grating 64 and focused on the information recording
plane 41b can form spots whose size in the Y-direction 1s a
times larger than the diffraction limit. Since a can be set
arbitrarily 1in accordance with the necessary intensity of the
first-order diffracted light beams, the intensity of the first-
order diffracted light beams 1s increased sufficiently com-
pared with a conventional optical pickup head device. Thus,
an optical pickup device that 1s hardly affected by stray light
can be achieved.

The pattern region 64a of the diffraction grating 64 1s
smaller than the NA of the objective lens 56. Therefore, to

ensure the same power of the sub-beams converged on the
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information recording plane 41b as that produced by the
diffraction gratings 61, 62 or 63, the diffraction ¢ 161ency of
the first-order dlffracted light beams in the pattern region 64a
should be higher than that of the first-order diffracted light
beams of the diffraction gratings 61 to 63. In this case, the
light amount of the zero-order diffracted light beam passmg
through the pattern reglon 64a 1s less than that passing
through the pattern regions 64b, 64c. Accordingly, the zero-
order diffracted light beam focused on the nformation
recording plane 41b can form a super-resolution spot, and
thus the size of the spot of the zero-order diffracted light beam
in the direction parallel to a tangent to the track (Y-direction)
becomes smaller than the diffraction limit. This can improve
the response characteristics at higher frequencies during
reproduction of information recorded on the optical recording
medium 41 and suppress errors even in the presence of noise,
thereby achieving an optical pickup head device capable of
reproducing highly reliable information.

In the optical pickup head device of this embodiment, a
grating pattern 1s not formed 1n the pattern regions 64b, 64c.
However, a grating pattern having a different period from that
of the pattern region 64a may be formed 1n each of the pattern
regions 64b, 64c, which leads to an optical pickup head
device that can provide a tracking error signal to enable stable
tracking control.

Embodiment 5

FIG. 9 shows an example of an information recording/
reproducing apparatus that uses the optical pickup head
device described above. The information recording/repro-
ducing apparatus includes an optical pickup head device 80,
an optical recording medium driver 81, an optical pickup head
device driver 82, an electric circuit 83, and a power source 84.
The driver 81 rotates an optical recording medium 41. The
driver 82 includes a feed motor 85 and a feed screw 86, which
constitute a so-called traverse mechanism. The feed motor 835
1s driven to rotate the feed screw 86 connected directly to the
rotation axis of the feed motor 85, and thus the optical pickup
head device 80 1s transierred to a desired position in the radial
direction of the optical recording medium 41. The optical
pickup head device 80 sends to the electric circuit 83 a signal
that corresponds to the positional relationship between the
optical pickup head device 80 and the optical recording
medium 41. The electric circuit 83 amplifies or calculates this
signal and slightly moves the optical pickup head device 80 or
an objective lens 1n the optical pickup head device 80. The
optical pickup head device 80 also sends to the electric circuit
83 a signal obtained by reading information recorded on the
optical recording medium 41. Moreover, the electric circuit
83 demodulates information recorded on the optical record-
ing medium 41. Actuators 91, 92 drive the objective lens 56 1n
the optical pickup head device. Using the above signal and the
driver 82 or actuators 91, 92, focusing servo and tracking
servo are performed to read, write, or erase information on the
optical recording medium 41. The power source 84 supplies
clectricity needed for operation to each of the electric circuit
83, the optical pickup head device driver 82, and the optical
recording medium driver 81.

The information recording/reproducing apparatus of this
embodiment can record/reproduce information faithiully
because 1t uses the optical pickup head device that can sup-
press olfset fluctuations caused in a tracking error signal
when the objective lens 56 follows tracking or the optical
recording medium 41 tilts and can perform stable tracking
control.

The optical pickup head device in Embodiments 1 to 5 has
the configuration in which a beam emitted from a single light
source enters a diffraction grating to generate a plurality of
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beams. However, the present invention 1s not limited to this
configuration, and various modifications may be made 1n the
invention without departing from the spirit and the scope
thereotf. For example, a plurality of beams may be generated
by using a plurality of semiconductor lasers formed on the
same semiconductor substrate mstead of the diffraction grat-
ing. In this case, to expand beams (sub-beams) that corre-
spond to the first-order difiracted light beams 1n Embodiment
1 1n the direction parallel to a tangent to the track, the trans-
verse mode of the semiconductor laser that emits those beams
should be changed into a multimode. The expansion of the
sub-beams in the track direction can provide the same effect
as that 1n the above embodiments.

The mvention may be embodied in other forms without
departing from the spirit or essential characteristics thereof.
The embodiments disclosed 1n this application are to be con-
sidered 1n all respects as 1llustrative and not limiting. The
scope of the mvention 1s indicated by the appended claims
rather than by the foregoing description, and all changes

which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

What is claimed 1s:

1. An optical pickup head device comprising:

a light source for emitting a light beam;

a diffraction means for diffracting the light beam from the
light source into a plurality of beams of zero-order diif-
fracted light and at least first-order difiracted light;

a convergence means for converging the beams from the
diffraction means on an optical recording medium;

a beam splitting means for splitting the beams reflected
from the optical recording medium; and

a photodetection means for receiving the beams from the
beam splitting means and outputting a signal that corre-
sponds to an amount of light received,

wherein the optical recording medium comprises tracks for
recording imformation,

the diffraction means comprises grating patterns with a
nonuniform period or phase,

a size of the at least first-order difiracted light converged on
the optical recording medium 1s larger 1n a direction
parallel to a tangent to the track than 1n a direction
perpendicular to the tangent, and

P1/P0>PW2/PW1 1s established, where PW1 represents
power of the zero-order difiracted light converged on the
optical recording medium that 1s required to record
information on the optical recording medium, PW?2 rep-
resents maximum power of the zero-order diffracted
light converged on the optical recording medium that
allows information recorded on the optical recording
medium to be reproduced without being erased, P0 rep-
resents a light amount of the zero-order diffracted light
converged on the optical recording medium, and P1
represents a light amount of one of the at least first-order
diffracted light converged on the optical recording
medium.

2. The optical pickup head device according to claim 1,
wherein the period of the grating patterns formed on the
diffraction means changes gradually.

3. The optical pickup head device according to claim 1,
wherein the grating patterns on both sides of a central portion
of the diffraction means differ from each other in phase.

4. The optical pickup head device according to claim 3,
wherein the phases of the grating patterns on both sides of the
central portion are reversed by 180 degrees with respect to
cach other.

5. The optical pickup head device according to claim 3,
wherein the central portion has a different grating pattern
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from the grating patterns on both sides of the central portion,
and the phases of the grating patterns on both sides of the
central portion are reversed by 180 degrees with respect to
cach other.

6. The optical pickup head device according to claim 1,
wherein the diffraction means comprises a first pattern
region, a second pattern region, and a third pattern region, the
first pattern region 1s sandwiched between the second pattern
region and the third pattern region, and a grating pattern 1s
formed 1n the first pattern region and not 1n the second pattern
region and the third pattern region.

7. The optical pickup head device according to claim 1,
wherein the diffraction means comprises a first pattern
region, a second pattern region, and a third pattern region, the
first pattern region 1s sandwiched between the second pattern
region and the third pattern region, and a grating pattern
formed 1n the first pattern region differs from that formed 1n
the second pattern region and the third pattern region.

8. The optical pickup head device according to claim 6,
wherein an average depth of the grating pattern formed in the
first pattern region 1s equal to an average depth of each of the
second pattern region and the third pattern region.

9. The optical pickup head device according to claim 7,
wherein an average depth of the grating pattern formed 1n the
first pattern region 1s equal to an average depth of each of the
second pattern region and the third pattern region.

10. The optical pickup head device according to claim 1,
wherein a plurality of diffracted light beams converged on the
optical recording medium have the same size 1n a direction
perpendicular to the tracks.

11. The optical pickup head device according to claim 1,
wherein the device satisfles (S1/S0)°>-PW2/PW1>P1/
PO>PW2/PW1, where S0 represents a size of the zero-order
diffracted light converged on the optical recording medium 1n
the direction parallel to a tangent to the track and S1 repre-
sents a size of the at least first-order diffracted light converged
on the optical recording medium in the direction parallel to a
tangent to the track.

12. The optical pickup head device according to claim 1,
wherein the optical recording medium comprises two or more
information recording planes.

13. An information recording/reproducing apparatus com-
prising;:

the optical pickup head device according to claim 1;

a driver for changing a relative position between an infor-
mation recording medium and the optical pickup head
device; and

an electric signal processor for performing an operation
with a signal output from the optical pickup head device
and providing desired information.

14. A method for recording information on an optical

recording medium with an optical pickup head device,
wherein the optical pickup head device comprises a light
emitting means for emitting a plurality of light beams, a
convergence means for converging the beams from the
light emitting means on the optical recording medium, a
beam splitting means for splitting the beams reflected
from the optical recording medium, and a photodetec-
tion means for recerving the beams from the beam split-
ting means and outputting a signal that corresponds to an
amount of light received,
the optical recording medium comprises tracks for record-
ing information,
the beams comprise a main beam and sub-beams: the main
beam being used to record information on the optical
recording medium by causing a physical change 1n the
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optical recording medium; and the sub-beams being the

beams other than the main beam,

a s1ze of the sub-beams converged on the optical recording
medium 1s larger 1n a direction parallel to a tangent to the
track than 1n a direction perpendicular to the tangent, and 5

P1/P0>PW2/PW1 1s established, where PW1 represents
power of the main beam converged on the optical record-
ing medium that 1s required to record information on the
optical recording medium, PW2 represents maximum
power of the main beam converged on the optical record- 10
ing medium that allows information recorded on the
optical recording medium to be reproduced without

being erased, PO represents a light amount of the main

beam converged on the optical recording medium, and

P1 represents a light amount of one of the sub-beams 15

converged on the optical recording medium.

15. The method according to claim 14, wherein the light
emitting means comprises a light source for emitting a single
light beam and a diffraction means for diffracting the single
light beam 1nto a plurality of beams of zero-order difiracted 20
light and at least first-order difiracted light,

the zero-order diffracted light 1s used as the main beam and
the at least first-order difiracted light 1s used as the
sub-beams, and

the diffraction means comprises grating patterns with a 25
nonuniform period or phase.

16. An optical pickup head device comprising:

a light source for emitting a light beam;

a diffractive optical element for diffracting the light beam
from the light source into a plurality of beams of zero- 30
order diffracted light and at least first-order diffracted
light,

an objective lens for converging the beams from the dif-
fractive optical element on an optical recorvding
medium, 35

a beam splitter for splitting the beams reflected from the
optical vecording medium,; and

a photodetector for receiving the beams from the beam
splitter and outputting a signal that corvesponds to an
amount of light received, 40

wherein a grating pattern in a central portion of the dif-
fractive optical element differs from grating patterns on
both sides of the central portion, and the grating pat-
terns on both sides of the central portion are the same in
dirvection and period, and differ from each other in 45
phase, and

whevrein the phases of the grating patterns on both sides of
the central portion of the diffractive optical element are
reversed by 180 degrees with vespect to each other.

17. The optical pickup head device according to claim 16, 50
wherein the grating pattern in the centval portion of the
diffractive optical element differs from the grating patterns on
both sides of the central portion in phase.

18. An optical pickup head device comprising:

a light source for emitting a light beam; 55

a diffractive optical element for diffracting the light beam
from the light source into a plurality of beams of zero-
order diffracted light and at least first-ovder diffracted
light,

an objective lens for converging the beams from the dif- 60
fractive optical element on an optical recorvding
medium,

a beam splitter for splitting the beams reflected from the
optical vecording medium,; and

a photodetector for receiving the beams from the beam 65
splitter and outputting a signal that corvesponds to an
amount of light received,

16

wherein the diffractive optical element comprises a first
pattern region, a second pattern region, and a third
pattern region,

the first pattern region is sandwiched between the second
pattern rvegion and the third pattern region,

grating patterns with different phases are formed in each of

the first to thivd pattern vegions, and

the grating pattern formed in the second pattern region and
the grating pattevn formed in the thivd pattern vegion are
the same in divection and period, and have phases that
are reversed by 180 degrees with vespect to each other.

19. An optical pickup head device comprising:

a light source for emitting a light beam;

a diffractive optical element for diffracting the light beam
from the light source into a plurality of beams of zevo-
ovder diffracted light and at least first-order diffracted
light,

an objective lens for converging the beams from the dif-
fractive optical element on an optical recording
medium;

a beam splitter for splitting the beams rveflected from the
optical vecording medium,; and

a photodetector for receiving the beams from the beam
splitter and outputting a signal that covresponds to an
amount of light received,

wherein the diffractive optical element comprises a first
pattern region, a second pattern region, and a thirvd
pattern region,

the first pattern vegion is sandwiched between the second
pattern rvegion and the thivd pattern region,

grating patterns with different phases are formed in each of
the first to thivd pattern vegions, and

an average depth of the grating pattern formed in the first
pattern vegion is equal to an average depth of each of the
grating patterns formed in the second pattern vegion and
the third pattern region.

20. An optical pickup head device comprising:

a light source;

an optical divider for dividing a light beam emitted from
the light source into at least three light beams;

a focusing optical system for focusing the three light beams
onto a recording surface of an optical recording medium
so that three focusing spots arve formed independently;
and

a photodetector arranged to receive rveflected light from
each of the three focusing spots of the optical recording
medium by using divided light receiving surfaces,

wherein the optical divider is a diffraction grating that
comprises at least three vegions of a first vegion, a sec-
ond region, and a thivd rvegion, and each of the first to
thivd rvegions has a predetermined periodic structure,

wherein the first region is located between the second
region and the third vegion, the periodic structure in the
second region differs from that in the first vegion, and the
periodic structure in the third vegion has a phase differ-
ent from the phase of the periodic structure in the second
region, and

wherein the periodic structure in the third vegion has a
phase shifted substantially 180 degrees with respect to
the phase of the periodic structure in the second region.

21. Aninformation recovding/veproducing apparatus com-

prising:

the optical pickup head device according to claim 16;

a driver for changing a relative position between the opti-
cal recording medium and the optical pickup head
device; and
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an electric signal processor for performing an operation a driver for changing a relative position between the opti-
with a signal output from the optical pickup head device cal recording medium and the opfical pickup head

and providing desired information. device; and
_ _ _ _ an electric signal processor for performing an operation
22 An information recording/reproducing apparatus com- 5 with a signal output from the optical pickup head device

prising. and providing desived information.
the optical pickup head device according to claim 18; 24 An information recovding/reproducing apparatus com-
prising:

a driver for changing a velative position between the opti-

the optical pickup head devi ding to claim 19;
cal recording medium and the optical pickup head € oprcal prehup nedd daevice dccordiily Lo ctdiit 17,

a driver for changing a relative position between the opti-

device; and 1 cal recording medium and the optical pickup head
an electric signal processor for performing an operation device; and

with a signal output from the optical pickup head device an electric signal processor for performing an operation

and providing desirved information. with a signal output from the optical pickup head device

23. An information recording/reproducing apparatus com- and providing desired information.

prising the optical pickup head device according to claim 20, %k k% ok
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