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OPTICAL PICKUP, OPTICAL DISC DRIVE
DEVICE, AND OPTICAL INFORMATION
DEVICE

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.

This application is a reissue of U.S. Pat. No. 7,773,304,
issued Aug. 10, 2010,

TECHNICAL FIELD

The present invention relates to an optical pickup device
using a spherical aberration correction mechanism employ-
ing a lens drive device enabling a lens configuring the optical
pickup device to be movable 1n an optical axis direction, an
optical disc drive device using the optical pickup, and an
optical information device.

BACKGROUND ART

Recently, development in compact and large-capacity opti-
cal disc devices 1s advancing to handle high definition still
images and moving images and the like 1n the field of record-
ing or reproducing information signals using an optical disc
as an information recording medium.

The optical disc device 1s equipped with an optical pickup
for forming a beam spot on an information recording surface
of the optical disc. In the optical pickup, the light beam
emitted from the light source 1s influenced by spherical aber-
ration when passing through a transparent protective sub-
strate layer which protects the information recording layer of
the optical disc.

Japanese Unexamined Patent Publication No. 2004-777035
discloses a device 1n which a lens group for spherical aberra-
tion correction 1s arranged, a variable clearance 1s formed
between surfaces of a pair of successive lens elements 1n the
lens group, and a clearance interval i1s varied through a

mechanical method to alleviate the influence of spherical
aberration.

FIG. 8A and FIG. 8B are views showing 1in frame format a
configuration of an example 1n which the conventional lens
drive device of patent document 1 1s applied to an optical
pickup, where FI1G. 8A 1s a plan view of the optical pickup,
and FIG. 8B 1s a side view of the optical pickup.

In the figures, 114 denotes an optical disc, 101 denotes a
laser diode serving as a light source, 102 denotes a collimator
lens, 103 denotes a beam splitter, 104 denotes a rising mirror,
105 denotes an objective lens, 106 denotes a detection lens,
and 107 denotes a photodetector including photoelectric con-
version element etc.

When performing recordation/reproduction on the optical
disc 114, the light beam emitted from the laser diode 101 1s
passed through the beam splitter 103 and the collimator lens
102, deflected towards the optical disc 114 by the rising
mirror 104, and collected on a recording surface of the optical
disc 114 as an optical spot by the objective lens 105. The light
beam reflected at the surface of the optical disc 114 1s passed
through the objective lens 103, detlected by the rising mirror
104, passed through the collimator lens 102, deflected by the
beam splitter 103, and collected on a light recerving surface of
the photodetector 107 by the detection lens 106.
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The collimator lens 102 1s a lens for correcting diffusion
and convergence of the light beam by moving the position 1n
the optical axis direction. The collimator lens 102 1s held by
a lens holder 108, and the lens holder 108 1s supported by a
pair of shaits including a guide shait 109 and a slidable shaft

110. The guide shatt 109 and the slidable shait 110 are fixed
to a shait holding member 113. The guide shaft 109 and the
slidable shaft 110 are arranged so that the extending direction
of the respective shaft becomes parallel to the optical axis of

the collimator lens 102.
The lens holder 108 1s slidably engaged with the gumde

shaft 109 and the slidable shaft 110. That 1s, the collimator
lens 102 can move 1n the optical axis direction when the lens
holder 108 slidably moves along the guide shaft 109 and the
slidable shaft 110. A drive mechanism (not shown) config-
ured by a gear, a stepping motor, or the like 1s arranged as a
mechanism for moving the lens holder 108. The lens holder
108 moves 1n the optical axis direction when the slidable shaft
110 slidably moves 1n a thrust direction 1n response to the
drive power from the drive mechanism.

SUMMARY OF THE INVENTION

In recent years, however, development of a multi-layer
optical information recording medium including a plurality
ol information recording layers 1s advancing to realize higher
density of the optical information recording medium. In such
a multi-layer optical information recording medium, there 1s
a need to perform a greater spherical aberration correction
compared to the optical information recording medium of one
layer. The configuration of the optical system becomes more
complicated to respond to recordation and reproduction of a
plurality of types of optical information recording media, and
the number of parts increases. The optical pickup 1tself 1s
demanded to be miniaturized, and thus there 1s a need to
coniigure the optical pickup so that spherical aberration cor-
rection can be performed in a narrow and small part arrange-
ment space.

Further a multi-layer recording disc having various protec-
tive layer thicknesses 1s also being proposed as a next gen-
eration technique, and a spherical aberration correction
mechanism of wider correction range 1s desired 1n the optical
pickup.

It 1s an object of the present mnvention to provide an optical
pickup more compact and of wider spherical aberration cor-
rection range than the optical pickup proposed in the prior art,
an optical disc drive device using the optical pickup, and an
optical information device.

The present invention 1s configured as below to achieve the
above object.

According to the first aspect of the present invention, there
1s provided an optical pickup comprising:

an objective lens for collecting an exit light from a light
source on an iformation recording surface of an information
recording medium;

a spherical aberration correction lens, having one surface
formed to a larger curvature than the other surface, for cor-
recting a spherical aberration of a light beam collected on the
information recording surface by the objective lens;

a rising mirror for deflecting the exit light passed through
the spherical aberration correction lens at a substantially right
angle and guiding the exit light to an entrance surface of the
objective lens;

a lens holder, configured thinner than a maximum thick-
ness width of the spherical aberration correction lens, for
holding the spherical aberration correction lens so that the
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surface of large curvature partially projects out with the sur-
face of large curvature facing the rising mirror side;

a guide member extending in an optical axis direction of
the spherical aberration correction lens, and

having an end arranged to the side of a reflecting surface of
the rising mirror;

a slidable part fixed to the lens holder while being projected
to the rising mirror side and slidably moved along the guide
member; and

a drive mechanism for driving the spherical aberration
correction lens; wherein

the spherical aberration correction lens and the rising mir-

ror are configured to be approachable until the project-
ing portion from the lens holder of the spherical aberra-
tion correction lens overlaps the reflecting surface of the
rising mirror by having the projecting portion of the
slidable part fitted within the side surface of the retlect-
ing surface of the rising mirror when the spherical aber-
ration correction lens approaches the rising mirror the
most.

In the above configuration, the spherical aberration correc-
tion lens may be a collimator lens for converting the exit light
from the light source to a parallel light, or may be arranged 1n
a beam expander for converting the beam diameter of when
the exit light from the light source enters the objective lens.

The spherical aberration correction lens may include a
color correction element.

Further, the spherical aberration correction lens may be
configured to a shape flat 1n the height direction.

According to a second aspect of the present invention, an
optical pickup of the first aspect where the guide member 1s
configured by a pair of shait bodies arranged parallel to each
other, only one shatt to which the slidable part fixed to the lens
holder while being projected towards the rising mirror side
engages extending to the side of the rising mirror 1s provided.

According to a third aspect of the present invention, an
optical pickup of the first aspect where the guide member 1s
configured by a pair of shait bodies arranged parallel to each
other, a spring for biasing the lens holder towards the rising
mirror side being further arranged on one shaft to which the
slidable part fixed to the lens holder while being projected
towards the rising mirror side engages 1s provided.

According to the present invention, the guide member 1s
arranged extending to the side of the reflecting surface of the
rising mirror, and the slidable part moving along the guide
member 1s configured projecting out towards the rising mirror
side further than the lens holder, and thus the spherical aber-
ration correction lens can be moved very close to the rising
mirror and a large movement range can be obtained. There-
fore, a large correction range of the spherical aberration can
be obtained. Since the spherical aberration correction lens 1s
configured to project towards the rising mirror side with
respect to the lens holder, the projecting portion of the spheri-
cal aberration correction lens can be arranged, 1n an overlap-
ping state, on the reflecting surface of the rising mirror
arranged 1n a tilted manner. Therefore, 1t can be suitably used
in the information recording medium including two or more
information recording layers requiring a large spherical aber-
ration correction range.

Since the movement range of the spherical aberration lens
can be made wider, the optical pickup can be configured small
with respect to the absolute necessary movement range. Thus,
turther miniaturization from the conventional techmique is
achieved. The blur of the lens holder with respect to the guide
member 1s prevented as the slidable part 1s formed projecting,
out with respect to the lens holder.
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Since the spherical aberration correction lens and the slid-
able part are both projected out towards the rising mirror side
with respect to the lens holder, the barycenter thereof
approach each other, and thus moment by inertial force 1s less
likely to be applied when driving the lens holder. Further-
more, since the spherical aberration correction lens 1s pro-
jected with respect to the lens holder when attaching the
spherical aberration correction lens to the lens holder, the
visibility 1s satisfactory, and forgetting of attachment of the
lens 1s prevented. Moreover, since the lens having one side
configured with large curvature 1s used, the attachment direc-
tion can be easily visually checked, and the front and back
attachment direction of the lens can be easily checked.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the present inven-
tion will become clear from the following description taken in
conjunction with the preferred embodiments thereof with
reference to the accompanying drawings, 1n which:

FIG. 1A 1s a plan view describing in frame format a con-
figuration of an optical pickup of a first embodiment accord-
ing to the present mvention;

FIG. 1B 1s a side view describing in {frame format the
configuration of the optical pickup of the first embodiment
according to the present invention;

FIG. 2A, FIG. 2B, and FIG. 2C are plan views specifically
describing a position relationship of a lens holder at different
times of movement of a collimator lens:

FIG. 3A1s a view showing a state o the lens holder unit and
the collimator lens used 1n the optical pickup of FIG. 1A when
seen from an optical axis direction of the collimator lens;

FIG. 3B 1s a view showing a state of the lens holder unit and
the collimator lens according to a variant used 1n the optical
pickup of FIG. 1A when seen from the optical axis direction
of the collimator lens;

FIG. 4A 1s a view schematically showing a variant of a
collimator lens applicable to the optical pickup of FIG. 1A;

FIG. 4B 1s a view schematically showing a variant of a
collimator lens applicable to the optical pickup of FIG. 1A;

FIG. 5 1s a view showing a configuration of an optical disc
drive mounted with the optical pickup of FIG. 1A;

FIG. 6 1s a plan view describing in frame format a configu-
ration of an optical pickup of a second embodiment according
to the present invention;

FIG. 7A 1s a plan view describing in frame format a con-
figuration of an optical pickup of a third embodiment accord-
ing to the present invention;

FIG. 7B 1s a side view describing in frame format the
configuration of the optical pickup of the third embodiment
according to the present invention;

FIG. 8A 1s a schematic view showing a structure of a
conventional optical pickup disclosed 1n patent document 1;
and

FIG. 8B i1s a schematic view showing the structure of the
conventional optical pickup disclosed 1n patent document 1.

DETAILED DESCRIPTION OF THE INVENTION

Betore 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.

First Embodiment

FIGS. 1A and 1B are frame format views describing a
configuration of an optical pickup according to a first embodi-
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ment of the present invention, where FIG. 1A 1s a plan view of
the optical pickup and FIG. 1B 1s a side view of the optical
pickup.

In the figures, 14 denotes an optical disc serving as an
information recording medium, 1 denotes a laser diode serv-
ing as a light source, 2 denotes a collimator lens serving as a
spherical aberration correction lens, 3 denotes a beam splitter,
4 denotes a rising mirror, 5 denotes an objective lens, 6
denotes a detection lens, and 7 denotes a photodetector
including a photoelectric conversion element etc. 20 denotes
a stepping motor and 21 denotes a ball screw. In the plan view
of FIG. 1A, the 1illustration of the objective lens 5 and the
optical disc 14 1s omatted.

When performing recordation/reproduction with respect to
the optical disc 14, the light beam emitted from the laser diode
1 1s passed through the beam splitter 3 and the collimator lens
2 1n order, deflected towards the optical disc 14 by the rising
mirror 4, and collected on the optical disc 14 as an optical spot
by the objective lens 5. The information 1s thereby recorded
on the information recording surface of the optical disc 14, or
the information recorded on the information recording sur-
face of the optical disc 14 1s read out.

Furthermore, the light beam reflected by the optical disc 14
1s passed through the objective lens 5, deflected by the rising
mirror 4, passed through the collimator lens 2, deflected by
the beam splitter 3, and collected at the light receiving surtace
ol the photodetector 7 by the detection lens 6, and the infor-
mation from the information recording surface of the optical
disc 14 1s converted to an electrical signal.

The collimator lens 2 1s a convex lens having one surface
configured as a planar surface, and the other surface config-
ured such that the central portion becomes convex.

A first guide shaft 11 and a second guide shait 12 are

arranged to be parallel to an optical axis L of the collimator
lens 2. The guide shatts 11, 12 have both ends fixed to shaft

holding parts 13a, 13b, respectively.

The shaft holding parts 13a of the first guide shaft 11 are
arranged at a position on the downstream side 1n the optical
axis direction of the beam splitter 3 and at a position on the
side of the rising mirror 4. The first gmide shatt 11 extends
between the shait holding parts 13a arranged at the relevant
positions. The shait holding parts 13b of the second guide
shaft 12 are arranged at the end on the downstream side 1n the
optical axis direction of the beam splitter 3 and at the end on
the upstream side 1n the optical axis direction of the rising
mirror 4. The second guide shaft 12 extends between the
beam splitter 3 and the rising mirror 4.

In the optical pickup 1n the figures, the collimator lens 2 1s
moved along the first guide shaft 11 and the second guide
shaft 12, so that the parallel light flux entering the objective
lens 5 can be converged or diverged, whereby the spherical
aberration at the spot position due to difference in the thick-
ness of the protective layer of the optical disc 14 and the
spherical aberration of the optical pickup 1s adjusted to be
smaller than or equal to an acceptable value. That 1s, the
collimator lens 2 converts the light beam transmitted through
the collimator lens 2 to a parallel light when the distance from
the light source 1 1s equal to the focal length of the collimator
lens 2. The collimator lens 2 has a function of diverging the
light beam when the distance from the light source 1 becomes
shorter than the focal length of the collimator lens 2, and
converging the light beam when the distance from the light
source 1 becomes longer than the focal length of the collima-
tor lens 2.

A lens holder unit 8 1s configured by a lens holder main
body 9 for holding the collimator lens 2, and first and second
slidable parts 15, 16 which engage the first and the second
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guide shafts 11, 12. The lens holder main body 9 1s a frame
shaped member for holding the collimator lens 2 so that the
curved surface side of the collimator lens faces the rising
mirror 4 side. The thickness dimension of the lens holder
main body 9 1s made to be smaller than the maximum thick-
ness dimension of the collimator lens 2, so that the collimator
lens 2 projects out further towards the rising mirror 4 side than
the lens holder main body 9 when the lens holder main body
9 holds the collimator lens 2.

The surface on the beam splitter 3 side of the lens holder
main body 9 1s a planar surface.

The first and second slidable parts 15, 16 are slidably
engaged along the first guide shaft 11 and the second guide
shaft 12 serving as guide members.

The length of the slidable part serving as the recerving part
of the guide shaft needs to be set large to suppress the tilt
caused by the rattling of the collimator lens 2 1n the optical
axis direction. In the present embodiment, the dimension of
the first slidable part 15 1s configured thicker than the thick-
ness dimension 1n the optical axis direction of the collimator
lens 2. The first slidable part 15 1s fixed to the lens holder main
body 9 so as to project towards the downstream side in the
optical axis direction with respect to the collimator lens 2. The
rattling of the collimator lens 2 1n the optical axis L direction
becomes small by forming the first slidable part 15 to be long
in the extending direction of the guide shaft 11.

The second slidable part 16 1s configured with a thickness
dimension of substantially the same extent as the lens holder
main body 9. If the second slidable part 16 1s formed long in
the axial direction, the friction increases when the lens holder
unit 8 moves, thereby influencing the movement of the lens
holder unat.

The second slidable part 16 1s screw-fitted to the ball screw
21 rotatable by the stepping motor 20 serving as a drive force
generating source. When the stepping motor 20 1s rotatably
driven, the ball screw 21 1s driven by way of gears 22, 23, and
the relative position of the second slidable part 16 and the ball
screw 21 changes, thereby moving the lens holder unit 8.

In addition to the stepping motor or the like, serving as the
drive force generating source for driving the lens holder unit,
a small and simple configuration can be obtained by using an
ultrasonic motor as the drive force generating source.

FIGS. 2A-2C are plan views specifically showing a posi-
tional relationship of the lens holder at different times of
movement of the collimator lens. FIG. 2(b) shows a state in
which the collimator lens 2 1s at substantially the center, and
FIGS. 2A and 2C show states in which the collimator lens 2 1s
moved to the rising mirror 4 side and the beam splitter 3 side,
respectively.

The collimator lens functions to converge the light from the
beam splitter 3 when approached to the rising mirror 4 side
the most. In this state, the spherical aberration 1s corrected so
that the focus 1s focused on the side close to the surface of the
optical disc 14. Since one end of the first guide shait 11 1s
extended to the side of the rising mirror 4, the first slidable
part 15 fits within the side surface of the rising mirror 4 when
the collimator lens 2 1s approached to the rising mirror 4 side
the most.

Since the collimator lens 2 has a configuration of project-
ing further towards the rising mirror 4 side than the lens
holder 8, 1t 1s arranged so that the projecting portion of the
collimator lens overlaps the reflecting surface of the rising
mirror 4 1n an overlapping manner when the lower end of the
rising mirror 4 becomes very close to the collimator lens 2.
That 1s, even if the lens holder 1s arranged so as to be very
close to the rising mirror 4, the collimator lens 2 does not
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contact the surface of the rising mirror 4. Therefore, the
collimator lens 2 can be moved to a position very close to the
rising mirror 4.

In the optical pickup according to the present embodiment,
the collimator lens 2 can be moved very close to the rising
mirror 4, and the movable range of the collimator lens 2 can
be increased by adopting the above configuration. In the
optical pickup of the present embodiment, the movable range
of the collimator lens 2 1s large, and a greater spherical aber-
ration correction can be made even with a small space.

As shown 1n FIG. 2C, the collimator functions to diverge
the light from the beam splitter 3 when approached to the
beam splitter 3 side the most. In this state, the spherical
aberration 1s corrected so that the focus 1s focused on the far
side 1n the thickness direction of the optical disc 14. As shown
in FI1G. 2(c), since the surface on the beam splitter 3 side of the
lens holder unit 8 1s formed to a substantially planar surface
without projection, the lens holder unit can be moved very
close to the collimator lens 3, and the movable range can be
increased.

Thus, in the present embodiment, the movement amount of
the collimator lens becomes large, and the spherical aberra-
tion correction amount with respect to the same size becomes
large compared to when the present configuration 1s not
adopted.

In the optical pickup of the present embodiment, the size in
the height direction can be reduced by configuring the shape
of the collimator lens to be flat 1n the height direction.

FIG. 3A shows a state of the lens holder unit 8 and the
collimator lens 2 seen from the optical axis direction of the
collimator lens 2. In the example of FIG. 3A, the lens holder
and the collimator lens are shown with the lens surface of the
collimator lens 2 being circular.

In a case where the lateral direction 1n the figure corre-
sponds to the tracking direction of the optical disc 14, the
optically necessary effective diameter of the collimator lens
may be small 1n the radial direction compared to the tracking,
direction. This 1s because the amount of movement (lens
shift) 1in the tracking direction of the objective lens in time of
tracking control does not need to be taken into consideration.

Therefore, 1n a collimator lens 2a and a lens holder main
body 9a, one part 1 the height direction thereot 1s made to
have a flat shape as 11 cut, as shown 1n FIG. 3B. The height of
the entire lens holder unit 8a thus can be reduced, and a thin
optical pickup can be configured.

The amount for reducing the collimator lens 2a and the lens
holder main body 9a 1n the height direction 1s, for example,
the length of the operation range of the lens shiit in the radial
direction of the objective lens. In creating the lens holder unit
8a of this configuration, an elliptical lens may be created 1n
advance or upper and lower positions of the circular lens may
be cut.

FIG. 4A and FIG. 4B are views schematically showing a
variant of a collimator lens applicable to the optical pickup
according to the embodiment of the present invention. The
collimator lenses 2b, 2¢ shown 1n FIG. 4A and FIG. 4B have
teatures 1n that a diffraction optical element 25b, 25¢ for color
aberration correction 1s formed on the entrance surface or the
exit surface of the lens.

The collimator lens 2b shown 1n FIG. 4A has a configura-
tion 1 which the diffraction optical lens 25b is integrally
molded to the collimator lens 2b. The collimator lens 2c
shown 1 FIG. 4B 1s a lens 1n which the diffraction optical
clement 235c 1s attached to the surface (surface on the left side
in the figure) of smaller curvature, and has a configuration 1n
which the color aberration element 26 1s integrally arranged.
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The diffraction optical element may be arranged on both the
entrance side and the exit side of the collimator lens.

The light collecting property of the objective lens can be
satisfactorily ensured even when wavelength fluctuation
exi1sts 1n the light source or the wavelength of the light source
1s spread by attaching the difiraction optical element to the
collimator lens.

FIG. § 1s a view showing a configuration of an optical disc
drive describing an application example of the optical pickup
shown in FIG. 1A, where 50 denotes the optical pickup unitof
the configuration shown 1n FI1G. 1. The optical pickup unit 50
1s configured to be movable 1n the radial direction of the disc
14 by a pickup movement drive mechanism 51.

The pickup movement drive mechanism 51 includes a seek
motor 52 serving as a power source, and a lead screw 33. The
pickup unit 50 1s supported by guide rails 54, 35 extending in
the radial direction of the disc, and moves along the guide
rails 54, 55 when the lead screw 33 1s rotatably driven by the
movement of the seek motor 52.

A spindle motor 40 1s a motor for rotatably driving the
optical disc 14. The reading and recording of information
with respect to the optical disc 14 are performed by moving
the optical pickup 50 1n the seek direction while rotatably
driving the optical disc 14 with the spindle motor 40.

Since the optical pickup according to the present embodi-
ment can be configured small, a compact and high perfor-
mance optical information device can be obtained by apply-
ing the optical disc drive mounted with the optical pickup to
the optical information device.

Second Embodiment

FIG. 6 15 a frame format view describing a configuration of
an optical pickup according to a second embodiment of the
present 1nvention.

In FIG. 6, the laser diode 1 serving as a light source, the
collimator lens 2 serving as a spherical aberration correction
lens, the beam splitter 3, the rising mirror 4, the objective lens
5, the photodetector 7 including the photoelectric conversion
clement, the stepping motor 20, and the ball screw 21 have the
same configuration as the first embodiment, and thus the
description will be omitted. 31 1s a light quantity monitor for
detecting the light quantity of the laser diode 1 by detecting
the light quantity of the light reflected from the optical disc
14.

In the present embodiment, the proximate position of the
objective lens of a housing 30 for accommodating each mem-
ber configuring the optical pickup 1s formed with a cutout 33
so that a spindle motor 40 and the housing 30 do not interfere.
I1 the optical pickup becomes closest to the spindle motor 40,
the spindle motor 40 {its into the cutout 33, so that the objec-
tive lens of the optical pickup can be arranged at the vicinity
of the spindle motor. Theretfore, reading and writing of infor-
mation at the position close to the center of the optical disc 14
can be performed.

When performing recordation/reproduction with respect to
the optical disc, the light beam emaitted from the laser diode 1
1s reflected and deflected by the beam splitter 3, passed
through the collimator lens 2, deflected towards the optical
disc 14 by the rising mirror 4, and collected on the optical disc
14 as an optical spot by the objective lens (not shown). The
information 1s thereby recorded on the information recording
surface of the optical disc 14, or the information recorded on
the information recording surface of the optical disc 14 1s read
out.

Furthermore, the light beam reflected by the optical disc 14
1s passed through the objective lens, deflected by the rising
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mirror 4, passed through the collimator lens 2, transmitted
through the beam splitter 3, and collected at the light rece1v-
ing surface of the photodetector 7, and the information from
the information recording surface of the optical disc 14 1s
converted to an electrical signal.

A first guide shaft 41 and a second guide shait 42 are
arranged to be parallel to the optical axis L of the collimator
lens 2. The guide shatts 41, 42 have both ends fixed to shaft
holding parts 43a, 43b, respectively.

The shaft holding parts 43a of the first guide shait 41 are
arranged at the end on the downstream side in the optical
direction of the beam splitter 3 and at the end on the upstream
side 1n the optical axis direction of the rising mirror 4. The
first guide shait 41 1s arranged at a position close to the
spindle motor 40 with respect to the collimator lens 2, and
thus 1s not arranged at the side of the rising mirror due to the
cutout 33 1n the optical pickup including the cutout 33. The
shaft holding part 43b of the second guide shatt 42 1s arranged
at the end on the downstream side in the optical axis direction
of the beam splitter 3 and at the position on the side of the
rising mirror 4.

In the optical pickup in the figure, the collimator lens 2 1s
moved along the first guide shaft 11 and the second guide
shaft 12, so that the parallel light flux entering the objective
lens 5 can be converged or diverged, whereby the spherical
aberration at the spot position due to difference 1n the thick-
ness of the protective layer of the optical disc 14 and the
spherical aberration of the optical pickup 1s adjusted to be
smaller than or equal to an acceptable value.

A lens holder unit 32 1s configured by the lens holder main
body 9 for holding the collimator lens 2, and first and second
slidable parts 35, 36 which engage the first and the second
guide shafts 41, 42. The lens holder main body 9 holds the
collimator lens 2 so that the curved surface side of the colli-
mator lens faces the rising mirror 4 side. The collimator lens
2 projects out towards the rising mirror 4 side further than the
lens holder 8 when the lens holder main body 9 holds the
collimator lens 2.

The surface on the beam splitter 3 side of the lens holder
main body 9 1s a planar surface.

The first and second slidable parts 35, 36 are slidably
engaged along the first guide shait 41 and the second guide
shaft 42 serving as guide members.

The dimension of the second slidable part 36 1s configured
thicker than the thickness dimension in the optical axis direc-
tion of the collimator lens 2 to suppress the tilt caused by the
rattling of the collimator lens 2 in the optical axis direction.
The second slidable part 36 1s fixed to the lens holder main
body 9 so as to project towards the downstream side 1n the
optical axis direction with respect to the collimator lens 2. The
rattling of the collimator lens 2 1n the optical axis L direction
becomes small by forming the second slidable part 36 to be
long 1n the extending direction of the guide shaft 42.

A spring 39 1s arranged on the second guide shait 42 to bias
the lens holder unit 32 towards the rising lens 4. The play in
the optical axis L direction of the lens holder unit 32 1s
climinated, and rattling in the optical axis direction can be
prevented by arranging the spring 39.

The second slidable part 36 includes a coupling part 37
screw litted to the ball spring 21 rotatable by the stepping
motor 20 serving as the drive force generating source. When
the stepping motor 20 1s rotatably driven, the ball screw 21 1s
driven by way of gears 22, 23, and the relative position of the
second slidable part 36 and the ball screw 21 changes, thereby
moving the lens holder unit 8.

Inthe optical pickup of the present embodiment as well, the
second slidable part 36 1s configured to fit within the side
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surface of the rising mirror 4, and 1s arranged so that the
projecting portion of the collimator lens overlaps the retlect-

ing surface of the rising mirror 4 in an overlapping manner
when the collimator lens 1s approached to the rising mirror 4
side the most. Theretore, the collimator lens 2 can be moved
to a position very close to the rising mirror 4, and the movable
range of the collimator lens 2 can be increased.

Since the surface on the beam splitter 3 side of the lens
holder unit 8 1s formed to a substantially planar surface with-
out projections, the lens holder unit can be moved very close
to the collimator lens 3, and the movable range can be
increased.

In the optical pickup of the present embodiment as well, the
s1ze 1n the height direction can be reduced by configuring the
shape of the collimator lens to be flat 1n the height direction as
shown 1 FIG. 3B. The collimator lenses 2b, 2¢ having the
diffraction optical elements 235b, 25¢ for color aberration

correction formed on the entrance surface or the exit surface
of the lens shown 1n FIG. 4A and FIG. 4B may be used.

Third Embodiment

FIG. 7A and FIG. 7B are frame format views describing a
configuration of an optical pickup according to a third
embodiment of the present invention, where FIG. 7A 1s a plan
view of the optical pickup, and FIG. 7B 1s a side view of the
optical pickup.

In FIG. 7A and FIG. 7B, the laser diode 1 serving as a light
source, the beam splitter 3, the rising mirror 4, the objective
lens 5, the photodetector 7 including the photoelectric con-
version element, the stepping motor 20, and the ball screw 21
have the same configuration as the first embodiment, and thus
the description will be omitted. 31 is a light quantity monitor
for detecting the light quantity of the laser diode 1 by detect-
ing the light quantity of the light reflected from the optical
disc 14.

In the present embodiment, the collimator lens 2 for con-
verting the laser light to a parallel light 1s fixed. A beam
expander unit 60 for changing the beam system of the light
beam from the light source 1s arranged between the collimator
lens 2 and the rising mirror. The beam expander unit 60
functions as a spherical aberration correction lens.

The beam expander unit 60 includes two lenses, a first lens
positioned on the beam splitter 3 side and a second lens
positioned on the rising mirror 4 side. The firstlens 63 1s fixed,
and the second lens 64 1s movable 1n the optical axis L
direction.

When performing recordation/reproduction with respect to
the optical disc, the light beam emitted from the laser diode 1
1s reflected and deflected by the beam splitter 3, passed
through the collimator lens 2 and the beam expander unit 60,
deflected towards the optical disc 14 by the rising mirror 4,
and collected on the optical disc 14 as an optical spot by the
objective lens (not shown). The information i1s thereby
recorded on the information recording surface of the optical
disc 14, or the information recorded on the information
recording surface of the optical disc 14 1s read out.

Furthermore, the light beam reflected by the optical disc 14
1s passed through the objective lens, deflected by the rising
mirror 4, passed through the beam expander unit 60 and the
collimator lens 2, transmitted through the beam splitter 3, and
collected at the light recerving surface of the photodetector 7,
and the information from the information recording surface
of the optical disc 14 1s converted to an electrical signal.

The first lens 63 of the beam expander unit 60 1s a convex
lens configured such that both surfaces are curved surfaces,
and the second lens 64 1s a convex lens having one surface
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configured as a planar surface and the other surface config-
ured such that the central portion becomes convex.

The first lens 63 1s held and fixed by a first lens holder 62.
The first lens holder 62 has the thickness dimension wider
than or the same as the first lens 63, and the first lens 62 1s
configured so as not to project out than the first lens holder.

The second lens 64 1s fixed to a second lens holder main
body 9d serving as a configuration member of the lens holder
unit 8d, and the configuration of the lens holder unit 8d will be
hereinafter described 1n detail.

A first guide shaft 71 and a second guide shait 72 are
arranged to be parallel to the optical axis L of the collimator
lens 2. The guide shatts 71, 72 have both ends fixed to shafit
holding parts 73a, 73b, respectively.

The shait holding parts 73a of the first guide shaft 71 are
arranged at a position on the downstream side in the optical
axis direction of the first lens 63 and at the end on the
upstream side in the optical axis direction of the rising mirror
4. The shaft holding part 73b of the second guide shait 72 1s
arranged at the end on the upstream side 1n the optical axis
direction of the first lens 63 and at the position on the side of
the rising mirror 4. The shait holding parts 73b of the second
guide shait 72 are extended to the end on the upstream side 1n
the optical axis direction of the first lens 63 and 1s positioned
on the upstream side than the end of the first guide shaift to
ensure a space for accommodating the spring 39 when the
lens holder unit 9d becomes closest to the first lens 63, as
hereinafter described.

In the optical pickup 1n the figure, the second lens 64 1s
moved along the first guide shaft 11 and the second guide
shaft 12 to change the distance of the first and second lenses
and converge or diverge the light tflux, so that the spherical
aberration can be adjusted.

The lens holder unit 8d 1s configured by the lens holder
main body 9d for holding the second lens 64, first and second
slidable parts 15d, 16d which engage the first and the second
guide shafts 71, 72, and a coupling part 17d coupled to the
second slidable part. The lens holder main body 9d 1s a frame
shaped member for holding the second lens 64 so that the
curved surface side of the second lens 64 faces the rising
mirror 4 side. The thickness dimension of the second lens
holder main body 9d 1s made to be smaller than the maximum
thickness dimension of the second lens 64, so that the second
lens 64 projects out towards the rising mirror 4 side than the
lens holder main body 9d when the lens holder main body 9d
holds the second lens 64.

The surface on the first lens 63 side of the lens holder main
body 9d is a planar surface.

In the present embodiment, the dimension of the second
slidable part 16d needs to be thicker than the thickness dimen-
sion 1n the optical axis direction of the second lens 64 to
suppress the tilt caused by the rattling of the second lens 64 1n
the optical axis direction. The second slidable part 16d 1s fixed
to the lens holder main body 9d so as to project towards the
downstream side 1n the optical axis direction with respect to
the second lens 64. The rattling of the collimator lens 2 in the
optical axis L direction becomes small by forming the second
slidable part 16d to be long 1in the extending direction of the
guide shaft 72.

The spring 39 1s arranged on the second guide shait 72 to
bias the lens holder unit 9d towards the rising mirror 4. The
play in the optical axis L direction of the lens holder unit 8d 1s
climinated, and rattling in the optical axis direction can be
prevented by arranging the spring 39.

The second slidable part 16d is coupled to the coupling part
17d screw fitted to the ball spring 21 rotatable by the stepping
motor 20 serving as the drive force generating source. When
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the stepping motor 20 1s rotatably driven, the ball screw 21 1s
driven by way of gears 22, 23, and the relative position of the
second slidable part 16d and the ball screw 21 changes,
thereby moving the lens holder unit 8.

In the optical pickup of the present embodiment as well, the
second slidable part 16d 1s configured to fit within the side
surface of the rising mirror 4, and 1s arranged so that the
projecting portion of the collimator lens overlaps the reflect-
ing surface of the rising mirror 4 in an overlapping manner
when the second lens 64 1s approached to the rising mirror 4
side the most. Theretore, the second lens 64 can be moved to
a position very close to the rising mirror 4, and the movable
range of the second lens 64 can be increased.

Since the surface on the first lens 63 side of the lens holder
umt 8d 1s formed to a substantially planar surface without
projections, and the first lens 63 does not project out from the
first lens holder 62, the lens holder unit 8d can be moved very
close to the first lens holder 62, and the movable range of the
lens holder unit 8d can be increased.

In the present embodiment as well, the size 1n the height
direction can be reduced by configuring the shape of the lens
configuring the beam expander unit 60 to be flat in the height
direction as shown in FIG. 3B. The collimator lenses having
the diffraction optical element for color aberration correction
formed on the entrance surface or the exit surface of the lens
shown 1n FIG. 4A and FIG. 4B may be used.

The optical pickup of the present example may be applied
to adual layer disc or a future multi-layer disc of three or more
layers, so that an optical pickup can be configured small.

The present invention 1s not limited to the above embodi-
ments, and various other modes can be implemented. The
guide part 1s arranged on the lens holder side so as to slidably
move on the guide shait in the present example, but the guide
shaft may be joined on the lens holder side so that the gmide
shaft slidably moves through a guide groove.

Arbitrary embodiments of the various embodiments
described above may be appropriately combined to obtain the
respective eflects.

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.

The optical pickup, optical disc drive device and the optical
information device of the present invention are useful for the
magnetic optical recording device and the optical information
recording and reproducing device using optical discs such as
CD, DVD, HD-DVD, Blu-ray disc device, and the like. The
present invention can also be applied for an optical system or
a device of the hologram recording device or the future ultra-
high density recording and reproducing device.

The mvention claimed 1s:

[1. An optical pickup comprising:

an objective lens for collecting an exit light from a light
source on an mformation recording surface of an infor-
mation recording medium;

a spherical aberration correction lens, having one surface
formed to a larger curvature than the other surface, for
correcting a spherical aberration of a light beam col-
lected on the information recording surface by the objec-
tive lens;

a rising mirror for deflecting the exit light passed through
the spherical aberration correction lens at a substantially
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right angle and guiding the exit light to an entrance
surface of the objective lens;

a lens holder, configured thinner than a maximum thick-
ness width of the spherical aberration correction lens, for
holding the spherical aberration correction lens so that
the surface of large curvature partially projects out with
the surface of large curvature facing the rising mirror
side;

a guide member extending in an optical axis direction of
the spherical aberration correction lens, and having an
end arranged to the side of a reflecting surface of the
rising mirror;

a slidable part fixed to the lens holder while being projected
to the rising mirror side and slidably moved along the
guide member; and

a drive mechanism for driving the spherical aberration
correction lens; wherein

the spherical aberration correction lens and the rising mir-
ror are configured to be approachable until the project-
ing portion from the lens holder of the spherical aberra-
tion correction lens overlaps the reflecting surface of the
rising mirror by having the projecting portion of the
slidable part fitted within the side surface of the retlect-
ing surface of the rising mirror when the spherical aber-
ration correction lens approaches the rising mirror the
most.]

[2. The optical pickup according to claim 1, wherein the
spherical aberration correction lens 1s a collimator lens for
converting the exit light from the light source to a parallel
light.]

[3. The optical pickup according to claim 1, wherein the
spherical aberration correction lens 1s arranged in a beam
expander for converting a beam diameter of when the exit
light from the light source enters the objective lens.}

[4. The optical pickup according to claim 2, wherein the
spherical aberration correction lens includes a color correc-
tion element.}

[5. The optical pickup according to claim 2, wherein the
spherical aberration correction lens 1s configured to a shape
flat in a height direction.}

[6. The optical pickup according to claim 1, wherein the
guide member 1s configured by a pair of shafts arranged
parallel to each other said pair of shaits including, only one
shaft to which the slidable part fixed to the lens holder while
being projected towards the rising mirror side engages
extending to the side of the rising mirror.]

[7. The optical pickup according to claim 1, wherein the
guide member 1s configured by a pair of shaits arranged
parallel to each other, a spring for biasing the lens holder
towards the rising mirror side being fturther arranged on one
of the shafts, and said one of the shafts engages with the
slidable part fixed to the lens holder while being projected
towards the rising mirror side.]

[8. The optical pickup according to claim 1, wherein the
drive mechanism is a stepping motor.}

[9. The optical pickup according to claim 1, wherein the
drive mechanism is an ultrasonic motor.}

[10. The optical pickup according to claim 1, wherein the
information recording medium includes two or more layers of
information recording layer.]

[11. An optical disc drive device comprising the optical
pickup according to claim 1.]
[12. An optical information device comprising the optical

disc drive of claim 11.]
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13. An optical pickup comprising:

an objective lens for collecting an exit light from a light
source on an information recovding surface of an infor-
mation recovding medium;

a spherical aberration correction lens, having one surface
Jormed to a larger curvature than the other surface, for
correcting a spherical aberration of a light beam col-
lected on the information recording surface by the
objective lens;

a rising mirvor for deflecting the exit light passed through
the spherical aberration correction lens at a substan-
tially vight angle and guiding the exit light to an
entrance surface of the objective lens;

a lens holder for holding the spherical aberration correc-
tion lens with the surface of a large curvature facing the
vising mirror side;

a guide member extending in an optical axis divection of
the sphevical aberration correction lens, and having an
end arranged to the side of a reflecting surface of the
YISING MIVror;

a slidable part fixed to the lens holder while being pro-
Jected to the rising mirvor side and slidably moved along
the guide member; and

a drive mechanism for driving the spherical aberration
correction lens;

wherein the projecting portion of the slidable part fits
within the side surface of the reflecting surface of the
rising mirvror when the spherical aberration correction
lens approaches the vising mivvor the most.

14. The optical pickup according to claim 13, wherein a
variable cleavance is formed between the surfacing facing the
rising mirror side of the spherical aberration correction lens
driven by the drive mechanism and the surface of the rising
MIVror.

15. The optical pickup according to claim 13, further com-

prising a spring for biasing the lens holder.

16. The optical pickup according to claim 15, wherein the

40 guide member is configured by a pair of shafts arranged
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parallel to each other, the spring biases the lens holder

towards one of the shafts that engages with the slidable part

fixed to the lens holder while being projected towards the

rising mirrvor side.

17. The optical pickup according to claim 13, wherein the
lens holder is configured thinner than a maximum thickness
width of the spherical aberration correction lens and holds
the spherical aberration correction lens so that the surface of
large curvature partially projects out, and

the sphevical aberration correction lens and the rising

mirror are configured to be approachable until the pro-
Jecting portion from the lens holder of the spherical
aberration correction lens overlaps the rveflecting sur-
Jace of the rising mirror when the spherical aberration
correction lens approaches to the rising mirror the most.

18. The optical pickup according to claim 17, wherein the
spherical aberration correction lens is a collimator lens for
converting the exit light from the light source to a parallel
light.

19. The optical pickup according to claim 17, whevein the
spherical aberration correction lens is arranged in a beam
expander for converting a beam diameter when the exit light

from the light source enters the objective lens.

20. The optical pickup according to claim 18, wherein the
spherical aberration corrvections lens includes a color cor-
rection element.
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21. The optical pickup according to claim 18, wherein the 24. The optical pickup according to claim 13, wherein the
spherical aberration correction lens is configured to a shape drive mechanism is an ultrasonic motor.
flat in a height divection. 25. The optical pickup according to claim 13, wherein the
22. The optical pickup according to claim 13, wherein the information recovding medium includes two or more layers of
guide member is configured by a pair of shafts arranged 5 information recovding layer.
parallel to each other of the pair of shafts including, only one 26. An optical disc drive device comprising the optical
shaft to which the slidable part fixed to the lens holder while pickup according to claim 13.
being projected towards the rising mirrvor side engages 27. An optical information device comprising the optical
extending to the side of the vising mirvor. disc drive of claim 26.

23. The optical pickup according to claim 13, wherein the 10
drive mechanism is a stepping motor. £k k% ok
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