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(57) ABSTRACT

An objective lens (1) for an optical disk, which focuses a
light beam from a light source, 1s designed so that a third-
order coma aberration generated when the objective lens 1s
inclined at a unit angle 1s larger than a third-order coma
aberration generated when the optical disk (2) 1s inclined at
the umt angle, mounted on an actuator for inclining the
objective lens according to an inclination amount of the opti-
cal disk, and used. With this structure, it 1s possible to obtain
an objective lens for an optical disk that has a large numeri-
cal aperture and 1s easy to manufacture and assemble, and 1n
which the third-order coma aberration generated when the
optical disk surface i1s inclined owing to a warp or the like
can be corrected by small inclination of the objective lens, so
as to reduce a residual astigmatism, which 1s generated
according to the inclination amount, after the correction.

21 Claims, 7 Drawing Sheets
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OBJECTIVE LENS AND OPTICAL HEAD
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.

TECHNICAL FIELD

The present invention relates to an objective lens for an
optical disk that focuses a light beam from a light source on
an information recording surface of the optical disk such as a
digital video disk, a digital audio disk or an optical memory
disk for a computer, and an optical head device using the
same.

BACKGROUND ART

In optical head devices for optical disks, a single lens
having an aspherical surface commonly 1s used as an objec-
tive lens for recording information or reproducing recorded
information by focusing a light beam onto a diffraction-

limited spot on an iformation recording surface of the opti-
cal disk.

In the following, a conventional optical head device will
be described, with reference to an accompanying drawing.,

FI1G. 7 schematically shows a configuration of the conven-
tional optical head device. As shown in FIG. 7, a light beam
emitted from a semiconductor laser 151 1s subjected to a
change 1n direction of 1ts optical path by a beam splitter 152,
and turned into substantially parallel light by a collimator
lens 153. The direction of the optical path of this light beam
turther 1s changed by a mirror 154 for bending the optical
path, then this light beam 1s focused on an information
recording surface 157 of an optical disk 156 by an objective
lens 155. This objective lens 155 1s driven by an actuator
160. The light beam that has been focused on the informa-
tion recording surface 157 of the optical disk 156 1s dii-
fracted by roughness formed on the mmformation recording
surface 157. The light beam that has been reflected and dii-
fracted by the information recording surface 157 of the opti-
cal disk 156 passes through the objective lens 155, 1s sub-
jected to the change in the direction of the optical path by the
mirror 154 for bending the optical path, passes through the
collimator lens 153, the beam splitter 152 and a cylindrical
lens 158, and 1s focused on a photo detector 159. Based on
an electrical signal of the photo detector 159, the change 1n
light quantity that has been modulated by the information
recording surface 157 of the optical disk 156 1s detected,

thereby reading data on the information recording surface
157.

In the objective lens 135, a wavelront aberration may be
generated because ol a manufacturing error during manufac-
turing. This wavelront aberration theoretically can be
divided into aberration components of a third-order spheri-
cal aberration, a third-order coma aberration, a third-order
astigmatism and a high-order aberration.

Among these aberration components, the third-order
coma aberration can be avoided by designed by forming a
lens surface of the objective lens 155 to have a rotationally
symmetric aspherical surface. However, 1n reality, decentra-
tion (displacement amount 1n a direction perpendicular to an
optical axis) between a first surface 161 of the objective lens
155 on a parallel beam side and a second surface 162 thereof
on a focusing side and t1lt (inclination with respect to a sur-
tace perpendicular to the optical axis) of the first surface 161
of the objective lens 155, the second surface 162 thereot, or
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both surfaces are generated during manufacture and serve as
predominant factors 1n generating the third-order coma aber-
ration. Out of these two factors, the third-order coma aberra-
tion that 1s caused by the tilt 1s proportional to substantially

the third power of NA (numerical aperture) of the objective
lens 153.

In general, when a lens 1s inclined with respect to an opti-
cal axis, the third-order coma aberration i1s generated. Thus,
by adjusting the angle of inclination, the generated third-
order coma aberration can cancel out the third-order coma
aberration due to the manufacturing error. For this purpose,
the objective lens 155 of the optical head device 1s inclined
during an assembly process of the optical head device, so as
to reduce the third-order coma aberration. Such an operation
1s called ““a tilt adjustment,” and this angle of inclination 1s
called “a t1lt adjustment angle.”

In recent years, an increasingly higher recording density
has been achieved as seen 1n DVDs (digital video disks) or
DVD-RAMSs, for example. The key to achieving the densifi-
cation 1s how small a spot can be formed on an optical disk,
and 1t 1s known that the spot diameter can be reduced by
increasing the numerical aperture of the lens. Accordingly,
in order to achieve higher density, the numerical aperture of
the lens gradually has become larger and larger, and now 1s
0.6 1n DVDs. For a further densification, the numerical aper-
ture has to be 0.6 or larger. Considering a manufacturing
error during the manufacture of the lens or an assembly error
during assembling on the optical head, lenses are designed
conventionally so that the generation of decentration of the
first surface and the second surface of the lens does not
increase aberration and that the incidence of abaxial light
does not increase aberration. In spite of a great demand,
lenses with a larger numerical aperture have not been com-
mercialized yet partly because, though 1t 1s easy to reduce
only axial aberration 1n a lens design, it 1s very difficult to
design a single lens having a suificient tolerance while tak-
ing a manufacturing tolerance and an assembly tolerance
into account.

Also, when the numerical aperture i1s raised, the third-
order coma aberration that 1s caused by the inclination of the
disk becomes larger. At present, there 1s a possibility that
warping of the disk causes the inclination of about 0.5°,
which generates the third-order coma aberration of about 70
mA 1n an optical system with a numerical aperture of 0.6 and
a focal length of 3.0 mm. In order that a spot 1s suiliciently
small and reproducible 1n a DVD system, the third-order
coma aberration 1s required to be not larger than 70 ma.
Thus, when considering the above-described third-order
coma aberration generated by the inclination of the disk and
the third-order coma aberration generated by the manufac-
turing error and the assembly error, 1t 1s impossible to record
and reproduce data in this system.

When the lens having a numerical aperture of larger than
0.6 1s designed by the design technique as described above, a
satisfactory design 1s not possible because the aberration due
to the decentration and the aberration due to the abaxial light
generally are 1n an inversely proportional relationship. In
other words, the lens becomes very difficult to manufacture
or assemble. Also, when an optical disk 1s inclined with
respect to an optical axis due to the warp of the disk or the
like, a great deal of the third-order coma aberration is
generated, so that 1t becomes 1mpossible to record or repro-
duce data 1n this system.

DISCLOSURE OF INVENTION

The present mvention 1s made 1n order to solve the con-
ventional problems described above, and it 1s an object of the
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present invention to propose a new design concept for
achieving a lens with a large numerical aperture and to pro-
vide an objective lens for an optical disk that has a large
numerical aperture and 1s easy to manufacture and assemble,
and an optical head device. It also 1s an object of the present
invention to provide an objective lens for an optical disk and
an optical head device that can compensate for performance
deterioration due to an inclination of the disk.

In order to achieve the above-mentioned objects, the
present invention has the following configuration.

An objective lens for an optical disk according to a first
structure of the present invention focuses a light beam from a
light source. A third-order coma aberration generated when
the objective lens 1s inclined at a unit angle (for example,
0.5°) 1s larger than a third-order coma aberration generated
when the optical disk 1s inclined at the same unit angle (for
example, 0.5°). The objective lens 1s mounted on an actuator
for incliming the objective lens according to an inclination
amount of the optical disk.

With the first structure, the third-order coma aberration
generated by the inclination of the optical disk can be cor-
rected only by inclining the objective lens slightly. Also,
since the inclination amount of the objective lens for this
correction 1s small, the amount of astigmatism generated
according to the inclination amount of the objective lens also
1s small. Thus, an excellent residual aberration after the cor-
rection 1s achieved. In addition, since the objective lens 1s
mounted on the actuator and inclined according to the incli-
nation amount of the optical disk, 1t 1s possible to provide an
optical system that can suppress the generation of aberration
due to a warp of the optical disk even when the warp 1s
present.

More specifically, it 1s preferable that DC/LC>-0.9 1s
satisfied, where DC (mA.) represents a third-order coma aber-
ration generated when the optical disk 1s inclined at 0.5° and
LC (mA) represents a third-order coma aberration generated
when the objective lens 1s inclined at 0.5°. Furthermore, 1t 1s

preferable that DC/LC>-0.8 1s satisfied.

Also, 1n the first objective lens described above, 1t 1s pret-
erable that a numerical aperture 1s equal to or larger than
0.62. With this structure, a spot diameter of the light beam on
the optical disk can be made smaller, achieving a high den-
sity recording of the optical disk.

Also, 1n the first objective lens described above, it 1s pred-
erable that DC+LC 1s at least 10 mA and not larger than 40
mAn. The DC+LC of at least 10 mA allows the third-order
coma aberration generated by the inclination of the optical
disk to be corrected only by inclining the objective lens
slightly. Also, since the inclination amount of the objective
lens for this correction 1s small, the amount of astigmatism
generated according to the inclination amount of the objec-
tive lens also 1s small. Thus, an excellent residual aberration
after the correction i1s achieved. Furthermore, the DC+LC of
not larger than 40 mA can suppress a deterioration of aberra-
tion characteristics when, because of vibration or the like,
the objective lens 1s inclined unexpectedly. According to the
above structure, excellent recording and/or reproducing
become possible.

An objective lens for an optical disk according to a second
structure of the present invention focuses a light beam from a
light source and 1s used for a recordable and/or reproducible
optical disk having a thickness (more precisely, a substrate
thickness) of about 0.6 mm (more preferably 0.59 to 0.61
mm). A numerical aperture 1s at least 0.62 and not larger
than 0.66. DC+LC 1s at least 10 mA, where DC (mA) repre-

sents a third-order coma aberration generated when the opti-
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cal disk 1s 1inclined at 0.5° and LC (mA.) represents a third-
order coma aberration generated when the objective lens 1s
inclined at 0.5°. The objective lens 1s mounted on an actuator
for incliming the objective lens according to an inclination
amount of the optical disk. The objective lens 1s used 1n an
optical system 1n which the objective lens 1s inclined so as to
generate the third-order coma aberration, which cancels out
the third-order coma aberration generated when the optical
disk 1s inclined. A coeflicient a 1s at least 30 and not larger
than 35 when a relationship between X and Y 1s approxi-
mated by Y=aX"+bX+c, where X (°) represents an angle of
inclination of the eptleal disk and Y (mA) represents an
astigmatism that remains after canceling out the third-order
coma aberration generated when the optical disk 1s inclined
at X (°) by inclining the objective lens.

With the second structure, 1n recording and/or reproduc-
ing in a current DVD system, the third-order coma aberra-
tion generated by the imclination of the optical disk can be
corrected only by inclining the objective lens slightly. Also,
since the inclination amount of the objective lens for this
correction 1s small, the amount of astigmatism generated
according to the inclination amount of the objective lens also
1s small. Thus, an excellent residual aberration after the cor-
rection 1s achieved. In addition, since the objective lens 1s
mounted on the actuator and inclined according to the incli-
nation amount of the optical disk, 1t 1s possible to provide an
optical system that can suppress the generation of aberration
due to a warp of the optical disk even when the warp 1s
present. Also, it 1s possible to suppress a deterioration of
aberration characteristics when, because of vibration or the
like, the objective lens 1s inclined unexpectedly. According
to the above structure, excellent recording and/or reproduc-
ing become possible.

Next, an optical head device according to a first configu-
ration of the present invention includes a light source, a col-
limating optical system for converting a light beam emaitted
from the light source 1nto a substantially parallel light beam,
an objective lens for focusing the substantially parallel light
beam on an information recording surface of an optical disk,
a light beam splitting member for splitting the light beam
that has been modulated by the mnformation recording sur-
face of the optical disk, and a photo recerving member for
receiving the light beam that has been modulated by the
information recording surface of the optical disk. The objec-
tive lens 1s the first or the second objective lens described
above.

With the first optical head device described above, the
third-order coma aberration generated by the inclination of
the optical disk can be corrected by only inclining the objec-
tive lens slightly. Also, since the inclination amount of the
objective lens for this correction i1s small, the amount of
astigmatism generated according to the inclination amount
ol the objective lens also 1s small. Thus, an excellent residual
aberration after the correction 1s achieved. In addition, since
the objective lens 1s mounted on the actuator and inclined
according to the inclination amount of the optical disk, 1t 1s
possible to suppress the generation of aberration due to a
warp of the optical disk even when the warp 1s present.
Accordingly, excellent recording and/or reproducing
become possible.

In the first optical head device described above, it 15 pret-
crable that the objective lens 1s subjected to a tilt adjustment
so as to reduce a third-order coma aberration. With this
conflguration, since 1t 1s possible to reduce the third-order
coma aberration due to errors during manufacturing lenses
and assembling optical head devices by the tilt adjustment,
the allowable extent of manufacturing error and assembly
error 1s relaxed, thereby obtaining an inexpensive optical
head device.
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Next, an optical head device according to a second con-
figuration of the present mvention includes a light source, a
collimating optical system for converting a light beam emiut-
ted from the light source into a substantially parallel light
beam, an objective lens for focusing the substantially paral-
lel light beam on an information recording surface of an
optical disk, a light beam splitting member for splitting the
light beam that has been modulated by the information
recording surface of the optical disk, and a photo recerving,
member for recerving the light beam that has been modu-
lated by the information recording surface of the optical
disk. The objective lens has been subjected to a tilt adjust-
ment so as to reduce a third-order coma aberration. A third-
order coma aberration generated when the objective lens 1s
inclined at a unit angle (for example, 0.5°) 1s larger than a
third-order coma aberration generated when the optical disk
1s inclined at the unit angle (for example, 0.5°).

Furthermore, an optical head device according to a third
configuration of the present invention includes a light
source, a collimating optical system for converting a light
beam emitted from the light source into a substantially par-
allel light beam, an objective lens for focusing the substan-
tially parallel light beam on an information recording sur-
face of an optical disk, a light beam splitting member for
splitting the light beam that has been modulated by the infor-
mation recording surface of the optical disk, and a photo
receiving member for receiving the light beam that has been
modulated by the information recording surface of the opti-
cal disk. The objective lens 1s subjected to a tilt adjustment
so as to reduce a third-order coma aberration. DC/LC>-0.9
1s satisfied, where DC (mA) represents a third-order coma
aberration generated when the optical disk 1s inclined at 0.5°
and LC (mA) represents a third-order coma aberration gener-
ated when the objective lens 1s inclined at 0.5°. Furthermore,

it 1s preferable that DC/LC>-0.8 1s satisfied.

Moreover, an optical head device according to a fourth
configuration of the present invention includes a light
source, a collimating optical system for converting a light
beam emitted from the light source into a substantially par-
allel light beam, an objective lens for focusing the substan-
tially parallel light beam on an information recording sur-
face of an optical disk having a thickness (more precisely, a
substrate thickness) of about 0.6 mm (more preferably 0.59
to 0.61 mm), a light beam splitting member for splitting the
light beam that has been modulated by the information
recording surface of the optical disk, and a photo receiving
member for recerving the light beam that has been modu-
lated by the information recording surface of the optical
disk. The objective lens has a numerical aperture of at least
0.62 and not larger than 0.66 and has been subjected to a tilt
adjustment so as to reduce a third-order coma aberration.
DC+LC 1s at least 10 mA, where DC (mA) represents a third-
order coma aberration generated when the optical disk 1is
inclined at 0.5° and LC (mA) represents a third-order coma
aberration generated when the objective lens 1s inclined at
0.5°. A coelficient a 1s at least 30 and not larger than 35 when
a relationship between X and Y is approximated by Y=aX"+
bX+c, where X (°) represents an angle of inclination of the
optical disk and Y (mA) represents an astigmatism that
remains aiter canceling out the third-order coma aberration
generated when the optical disk 1s inclined at X (°) by inclin-
ing the objective lens.

With the second to fourth optical head devices described
above, since the objective lens has been subjected to the tilt
adjustment so as to reduce the third-order coma aberration, 1t
1s possible to reduce the third-order coma aberration due to
errors during manufacturing lenses and assembling optical
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head devices. Thus, an allowable extent of a manufacturing
error and an assembly error 1s relaxed, thereby obtaining an
iexpensive optical head device.

Also, the third-order coma aberration generated by the
inclination of the optical disk can be corrected by only
inclining the objective lens slightly. Moreover, since the
inclination amount of the objective lens for this correction 1s
small, the amount of astigmatism generated according to the
inclination amount of the objective lens also 1s small. Thus,
an excellent residual aberration after the correction 1s
achieved, and excellent recording and/or reproducing
become possible.

In addition to the above, according to the fourth optical
head device, it 1s possible to suppress a deterioration of aber-
ration characteristics when, because of vibration or the like,
the objective lens 1s inclined unexpectedly. Accordingly,
excellent recording and/or reproducing become possible 1n a
current DVD system.

Next, a method for manufacturing an optical head device
according to the present invention 1s a method for manufac-
turing an optical head device including a light source, a col-
limating optical system for converting a light beam emaitted
from the light source 1nto a substantially parallel light beam,
the first or the second objective lens for focusing the sub-
stantially parallel light beam on an information recording
surface of an optical disk, a light beam splitting member for
splitting the light beam that has been modulated by the infor-
mation recording surface of the optical disk, and a photo
receiving member for receiving the light beam that has been
modulated by the information recording surface of the opti-
cal disk. After the light source and the collimating optical
system are placed, the objective lens 1s disposed while being,
inclined such that a coma aberration of a waveiront of the
light beam from the objective lens decreases (in other words,
while being subjected to the tilt adjustment).

With the above configuration, since the objective lens 1s
disposed while being subjected to the tilt adjustment, 1t 1s
possible to reduce the third-order coma aberration due to
errors during manufacturing lenses and assembling optical
head devices. Thus, the allowable extent of manufacturing
error and assembly error 1s relaxed, thereby obtaining an
inexpensive optical head device.

Also, by using the first or the second objective lens, the
third-order coma aberration generated by the inclination of
the optical disk can be corrected by only inclining the objec-

ive lens slightly. Also, since the inclination amount of the
objective lens for this correction i1s small, the amount of
astigmatism generated according to the inclination amount
ol the objective lens also 1s small. Thus, an excellent residual
aberration after the correction 1s achieved. Moreover, since
the objective lens 1s mounted on the actuator and inclined
according to the inclination amount of the optical disk, 1t 1s
possible to provide the optical system that can suppress the
generation of aberration due to a warp of the optical disk
even when the warp 1s present.

As described above, it 1s possible to obtain an 1nexpensive
optical head device 1n which excellent recording and/or
reproducing are possible.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows optical paths showing a focusing state by an
objective lens 1n a first embodiment of the present invention.

FIG. 2 shows the aberration of an objective lens 1n a
numerical example in the first embodiment of the present
invention.

FIG. 3 shows the aberration of the objective lens 1n the
numerical example in the first embodiment of the present
invention.
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FIG. 4 shows a relationship between an inclination
amount of an optical disk and a residual astigmatism amount
after a third-order coma aberration correction in the numeri-
cal example 1n the first embodiment of the present invention.

FIG. 5 shows a configuration of an optical head device in a
second embodiment of the present invention.

FIGS. 6(A) and 6(B) show cross-sections for explaining
an operation in an example of an actuator providing an

objective lens with an 1inclination.

FIG. 7 shows a configuration of a conventional optical
head device.

BEST MODE FOR CARRYING OUT TH.
INVENTION

In the following, the present invention will be described
more specifically, by referring to embodiments.
(First Embodiment)

FIG. 1 shows a focusing state by an objective lens 1n the
first embodiment of the present invention. As shown 1n FIG.
1, a parallel light beam 6 enters an objective lens 1 from a
first surface 3, which 1s a surface on a light source side,
leaves from a second surface 4, which 1s a surface on a disk
side, then passes through a substrate of an optical disk 2 so
as to be focused on an information recording surface 5.

The following 1s a specific numerical example of the
present invention. The first surface of the objective lens cor-
responds to the surface on the light source side, while the
second surface thereof corresponds to the surface on the disk
side (focusing side). The optical disk 1s a parallel plate.
Furthermore, the designed wavelength 1s 655 nm, and the
refractive index of the optical disk substrate 1s 1.56. Various
characters are defined as follows.

t: focal length of the objective lens (mm)

L1

R1: radius of curvature of the first surface of the objective
lens (mm)

R2: radius of curvature of the second surface of the objec-
tive lens (mm)

d: thickness of the objective lens (mm)

n: refractive index of the objective lens
t: thickness of the substrate of the optical disk (mm)
NA: numerical aperture of the objective lens when focus-

ing a light beam through the optical disk
The aspherical shape of the objective lens 1 for the optical
disk 1s given by the following formula (1).
(1)

thz

1+\/{1—(1+kj)c_]2h2

+—:§1 Pﬁdhj
! :

1=1

where
h: height from an optical axis (h=(x"+y~)
¢,. curvature of a vertex of a lens surface of a j-th surface
(¢=1/R, R 1s radius of curvature)

lf2)

k : conic constant of a j-th surface
A, ;. 1-th order aspherical coetficient of a j-th surface.
In addition, parameters indicating performance of the

objective lens are defined as follows.

WO: minimum square error of axial wavelront aberration
(unit 1s mA (mA 1s a unit equal to one-thousandth of
wavelength A))

DC: third-order coma aberration generated when the opti-
cal disk 1s inclined at 0.5° (mA, negative sign)

LC: third-order coma aberration generated when the
objective lens 1s inclined at 0.5° (mA, positive sign)
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TH: angle of inclination of the objective lens that can
cancel out the third-order coma aberration generated
when the optical disk 1s inclined at 0.5° (°)

The following 1s a specific numerical example.
1=3.05

R1=2.00300

R2=-15.33015

1.692

k1=-6.765663x107"
1,4=2.527642x107>
1,6=1.525075x10~*
1,8=-2.502308x107
1,10=—6.699123x107°
k2=-6.707921x10*"
A2,4=5.385577x107>
A2.6=-1.818641x107"
A2,8=2.990897x10~*

A2.10=-2.064762x107>
W0O=3.4

DC=-66.8

LC=85.7

TH=0.39

FIGS. 2 and 3 show the aberration of this objective lens.

FIG. 2 shows transverse aberration of the objective lens
when the ratios of field angle are changed. The ratio of field
angle of 1.0 corresponds to the state where abaxial light at
0.5° enters the objective lens, while that of O corresponds to
that where axial light enters the objective lens. In the figure,
DY represents the transverse aberration 1n Y-axis direction,
and DX represents the transverse aberration 1n X-axis direc-
tion.

Also, 1n FIG. 3, SA represents spherical aberration, and
OSC represents a sine condition. AS represents astigmatism,
T represents a tangential direction, and S represents a sagit-
tal direction. Also, DIST represents distortion (field
curvature).

The objective lens of the present numerical example has
an axial wavetront aberration WO of 3.4 mA, which 1s being
suppressed at a low level. Thus, the deterioration 1s small 1n
the vicinity of the center of the spot. As a result, when detect-
ing the signal recorded on an information medium surface of
the optical disk, 1t 1s possible to reduce crosstalk from adja-
cent signals.

Also, the third-order coma aberration DC generated when
the optical disk 1s inclined at 0.5° 1s -66.8 mA, while the
third-order coma aberration LC generated when the objec-
tive lens 1s inclined at 0.5° 1s 85.7 mA, achieving the relation-
ship of DC/LC=-0.78>-0.8. Accordingly, the angle TH of
inclination of the objective lens that 1s required for canceling
out the third-order coma aberration generated when the opti-
cal disk 1s inclined at 0.5° can be reduced to 0.39°. In other
words, when the third-order coma aberration generated by
the inclination of the optical disk 1s corrected by incliming
the objective lens, the amount of this inclination of the
objective lens can be suppressed to a small degree. On the
other hand, since the astigmatism 1s generated approxi-
mately 1 proportion to the second power of the inclination
of the objective lens, the astigmatism generated when cor-
recting the third-order coma aberration can be suppressed to
a lower level. Therefore, it becomes possible to record and/

e
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or reproduce data in an excellent manner even when correct-
ing the third-order coma aberration.

Furthermore, the numerical aperture NA of the objective
lens 1s 0.65. The numerical aperture NA equal to or larger
than 0.62 1s preferable because it allows recording with a

still higher density.

Also, DC+LC equals 18.9 mA. Accordingly, when the
optical axis of the objective lens 1s arranged in parallel to a
normal direction of the optical disk surface, the incidence of
a light beam that 1s inclined at 0.5° with respect to the optical
axis 1nto the objective lens generates the third-order coma
aberration. DC+LC of at least 10 mA 1s preferable because,
when the third-order coma aberration generated at the time
of the inclination of the optical disk 1s canceled out by
inclining the objective lens, the amount of this inclination of
the objective lens 1s small. Also, DC+LC of not larger than
40 mA 1s preferable because, when the objective lens 1is
inclined with respect to the optical axis owing to vibration of
an actuator or the like, the deterioration amount (amount of
generated aberration) 1s suppressed to a small level.

Now, 1n the above numerical example, the angle X (°) of
inclination of the optical disk 1s indicated by the axis of
abscissa, and the astigmatism Y (mA.) that remains after can-
celing out the third-order coma aberration generated when
the optical disk 1s inclined at X (°) by inclining the objective
lens 1s 1ndicated by the axis of ordinate, thus obtaining a
curve shown in FIG. 4. When this curve 1s fitted with a
quadratic curve expressed by Y=aX*+bX+c, each coefficient
achieves; a=31.197, b=1.4089, and ¢=-0.1304 (mimimum
square error=0.999). The quadratic coellicient a of at least
30 1s preferable because the tolerance for swaying of the
objective lens 1s relaxed (in other words, the astigmatism
amount generated when the objective lens 1s inclined owing
to vibration or the like can be suppressed at a small level),
thus raising an allowable degree of mechanism design of an
objective lens supporting system. Also, the coellicient a of
not larger than 35 1s preferable because a correction eil

ect
tor the third-order coma aberration generated by the inclina-
tion of the optical disk 1s produced.

In addition, the substrate of the optical disk has a thick-
ness t=0.6 mm 1n the above numerical example. The thick-
ness of the substrate of about 0.6 mm (0.59 to 0.61 mm 1n
particular) 1s preferable because 1t makes the recording and/
or reproducing of the DVD easier.

(Second Embodiment)

FIG. 5 shows a configuration of an optical head device in
the second embodiment using a single objective lens for an
optical disk.

As shown 1n FIG. §, a light beam emaitted from a semicon-
ductor laser 51 1s subjected to a change 1n a direction of
optical path by a beam splitter 52, and turned 1nto substan-
tially parallel light by a collimator lens 53. The direction of
the optical path of thus light beam further 1s changed by a
mirror 54 for bending the optical path, and then this light
beam 1s focused on an information recording surface 57 of
an optical disk 56 by a single objective lens 55 for the optical
disk of the present invention described 1n the first embodi-
ment. This objective lens 55 1s driven by an actuator 60. The
light beam that has been focused on the information record-
ing surtace 57 of the optical disk 56 1s diflracted by rough-
ness formed on the mnformation recording surface 37. The
light beam that has been retlected and diffracted by the infor-
mation recording surface 37 of the optical disk 56 passes
through the objective lens 35, 1s subjected to the change in
the direction of the optical path by the mirror 54 for bending,
the optical path, passes through the collimator lens 53, the
beam splitter 52 and a cylindrical lens 58, and 1s focused on
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a photo detector 59. Based on an electric signal of the photo
detector 59, the change 1n light quantity that has been modu-
lated by the information recording surface 57 of the optical
disk 56 1s detected, thereby reading data on the information
recording surface 57.

A manufacturing process of such an optical head device
preferably includes first fixing a light source (the semicon-
ductor laser 51) and the collimator lens 33, further the beam
splitter 52 and the mirror 54 for bending the optical path
optionally, then carrying out a tilt adjustment (an inclination
adjustment) of the objective lens 55. The tilt adjustment 1s
carried out by, for example, observing a focusing state after
the light from the semiconductor laser 51 passes through the
objective lens 55, inclining the objective lens 55 or the actua-
tor 60 supporting the objective lens 55 with respect to an
optical head base (not shown 1n the figure) 1 such a manner
that a third-order coma aberration 1s smallest or an optical
spot blurring 1s minimum, then fixing the objective lens 55
or the actuator 60. The inclination of the objective lens 55 or
the actuator 60 can be provided by using, for example, an
adjusting screw. With this manufacturing process, no abaxial
light enters the objective lens 55. Thus, only an abaxial tilt
aberration of the lens influences a lens performance, leading
to an improvement of yield 1n an assembly step for the opti-
cal head device.

A warp or an inclination of the optical disk 56 causes the
third-order coma aberration. This 1s corrected by inclining
the objective lens 55 by the actuator 60 on which the objec-
tive lens 55 1s mounted 1n accordance with an inclination
amount of the optical disk 56 or the third-order coma aberra-
tion generated based on this inclination amount. A specific
configuration for detecting the inclination amount of the
optical disk 56 or the third-order coma aberration due to this
inclination amount 1s not limited particularly but may be a
known configuration.

FIG. 6 shows a structural example of the actuator 60 for
inclining the objective lens 35. In FIGS. 6(A) and 6(B),
numeral 55 denotes the objective lens, numeral 610 denotes
a lens holder for supporting the objective lens 55, numerals
612a and 612b denote through holes provided in the lens
holder 610, numerals 615a and 615b denote substantially
ring-shaped coils provided 1n the lens holder 610 so as to
surround the through holes 612a and 612b respectively, and
numerals 620a and 620b denote a pair of permanent magnets
passing through the through holes 612a and 612b with clear-
ance. The pair of the permanent magnets 620a and 620b
have a polarity in the same direction and are provided 1n the
optical head base. The lens holder 610 1s supported by the
optical head base via an elastic member, which 1s not shown
in the figure. The actuator 60 also 1s used as an actuator for
focusing and tracking of the objective lens 55. A focusing
adjustment 1s conducted by passing electric current 1n the
same direction through the pair of the coils 6135a and 615b so
as to move the objective lens 35 1n a vertical direction of the
sheet as shown 1n FIG. 6(A). On the other hand, when the
clectric current in the opposite directions 1s passed through
the pair of the coils 615a and 615b (alternatively, the electric
current 1s passed through only one of the pair of the coils
615a and 615b), the objective lens 55 can be inclined as
shown 1n FI1G. 6(B). By utilizing this principle and providing
a pair of the permanent magnets and a pair of the coils 1n
cach of tangential and radial directions of the optical disk,
the objective lens 55 can be inclined 1n any direction with
respect to the optical disk. Since a detrimental third-order
coma aberration due to an inclination of the optical disk
often 1s caused by the inclination 1n the tangential direction,
simply providing a pair of the permanent magnets and a pair
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of the coils 1n the tangential direction alone can correct most

[

of the third-order coma aberration caused by the inclination
of the optical disk. It 1s needless to say that the structure of
the actuator 60 for providing the objective lens 55 with an
inclination 1s not limited to that shown in FIG. 6.

NA required for an optical disk to be read out from or
recorded on depends on the recording density of this optical
disk. In order to achieve a high density recording, high NA
generally 1s used. Since a manufacturing tolerance and an
assembly tolerance become tight with an increase in NA, NA
1s restricted up to about 0.6 1n a current process. On the other
hand, the use of the objective lens of the first embodiment
having the above design as the objective lens 55 can sup-
press the aberration at a low level after the tilt adjustment
even when NA of this objective lens 55 1s raised to 0.62 or
larger, and thus the tolerance in the manufacturing steps of
the optical head device 1s relaxed, leading to an 1mprove-
ment of the yield, allowing a mass-production.

The mvention may be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereol. The embodiments disclosed 1n this application are to
be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description, all
changes that come within the meaning and range of equiva-
lency of the claims are intended to be embraced therein.

What 1s claimed 1s:

1. An objective lens [for an optical disk, which focuses}
for focusing a light beam from a light source on ar optical
medium,

wherein DC/LC>-0.9 1s satisfied, where DC (mA) repre-
sents a third-order coma aberration generated when the
optical [disk] medium is inclined at 0.5° and LC (mA)
represents a third-order coma aberration generated
when the objective lens is inclined at 0.5°[, and

the objective lens 1s mounted on an actuator for inclining
the objective lens according to an inclination amount of
the optical disk].

2. The objective lens [for the optical disk] according to
claim 1, further satistying DC/LC>-0.8.

3. The objective lens [for the optical disk] according to
claim 1, wheremn DC+LC 1s at least 10 mA and not larger
than 40 mA.

4. An objective lens for [for the optical disk, which
focuses] focusing a light beam from a light source [and is
used for a recordable and/or reproducible] or arn optical
medium for vecording information on, or reproducing infor-
mation from, the optical [disk having a thickness of about 0.6
mm] medium, wherein

a numerical aperture 1s at least 0.62 and not larger than
0.66,

DC+LC 1s at least 10 mA, where DC (mA) represents a

third-order coma aberration generated when the optical
[disk] medium is inclined at 0.5° and LC (mA) repre-

sents a third-order coma aberration generated when the
objective lens 1s inclined at 0.5°, and

[the objective lens is mounted on an actuator for inclining

the objective lens according to an inclination amount of
the optical disk,

the objective lens 1s used 1n an optical system in which the
objective lens 1s inclined so as to generate the third-
order coma aberration, which cancels out the third-

order coma aberration generated when the optical disk
is inclined, and}

a coellicient a 1s at least 30 and not larger than 35 when a
relationship between X and Y 1s approximated by
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Y=aX"+bX+c, where X (°) represents an angle of incli-
nation of the optical [disk] medium and Y (mA) repre-
sents an astigmatism that remains aiter canceling out
the third-order coma aberration generated when the
optical [disk] medium is inclined at X (°) by inclining
the objective lens.

5. An optical head device comprising:

a light source;

[a collimating optical system for converting a light beam
emitted from the light source into a substantially paral-
lel light beam;]

an objective lens for focusing [the substantially parallel
light beam] a light beam emitted by the light source on
an information recording surface of an optical [disk]
medium;

a light beam [splitting member] splitter for splitting [the]
a light beam that has been modulated by the informa-
tion recording surface of the optical [disk] medium; and

a photodetector [receiving member] for receiving the light
beam that has been modulated by the information
recording surface of the optical [disk:] medium,

wherein the objective lens 1s subjected to a tilt adjustment
so as to reduce a third-order coma aberration, and

DC/LC>-0.9 1s satisfied, where DC (mA) represents a
third-order coma aberration generated when the optical
[disk] medium is inclined at 0.5° and LC (mA) repre-
sents a third-order coma aberration generated when the
objective lens 1s inclined at 0.5°.

6. An optical head device comprising;

a light source;

[a collimating optical system for converting a light beam
emitted from the light source into a substantially paral-
lel light beam:}

an objective lens for focusing [the substantially parallel
light beam] a light beam emitted by the light source on
an information recording surface of an optical [disk]
medium having a thickness of about 0.6 mm:;

a light beam [splitting member] splitter for splitting the
light beam that has been modulated by the information
recording surface of the optical [disk] medium; and

a photodetector [receiving member] for receiving the light
beam that has been modulated by the mformation
recording surface of the optical [disk] medium;

wherein the objective lens has a numerical aperture of at
least 0.62 and not larger than 0.66 and 1s subjected to a
tilt adjustment so as to reduce a third-order coma
aberration,

DC+LC 1s at least 10 mA, where DC (mA) represents a
third-order coma aberration generated when the optical
[disk] medium is inclined at 0.5° and LC (mA) repre-
sents a third-order coma aberration generated when the
objective lens 1s inclined at 0.5°, and

a coellicient a 1s at least 30 and not larger than 35 when a
relationship between X and Y 1s approximated by
Y=aX*+bX+c, where X (°) represents an angle of incli-
nation of the optical [disk] medium and Y (mA) repre-
sents an astigmatism that remains aiter canceling out
the third-order coma aberration generated when the
optical [disk] medium is inclined at X (°) by inclining
the objective lens.

7. The objective lens for the optical [disk] medium accord-

ing to claim 1, wherein a numerical aperture 1s equal to or
larger than 0.62.
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8. An optical head device comprising:
a light source;

[a collimating optical system for converting a light beam

emitted from the light source into a substantially paral-
lel light beam;]

an objective lens for focusing [the substantially parallel
light beam] a light beam emitted by the light source on
an information recording surface of an optical [disk]
medium;

a light beam [splitting member] splitter for splitting the
light beam that has been modulated by the information
recording surface of the optical [disk] medium; anc

a photodetector [receiving member] for receiving the light
beam that has been modulated by the information
recording surface of the optical [disk] medium:

wherein the objective lens 1s the objective lens according
to claim 1.
9. An optical head device comprising:

a light source;

[a collimating optical source for converting a light beam
emitted from the light source into a substantially paral-

lel light beam;]

an objective lens for focusing the substantially parallel
light beam on an information recording surface of an
optical [disk] medium;

a light beam [splitting member] splitter for splitting the
light beam that has been modulated by the information
recording surface of the optical [disk] medium; anc

a photodetector [receiving member] for receiving the light
beam that has been modulated by the mformation
recording surface of the optical [disk] medium:

wherein the objective lens 1s the objective lens according
to claim [6] 4.
10. A method for manufacturing an optical head device,
[the optical head device] comprising e steps of:

positioning a light source;

[a collimating optical system for converting a light beam
emitted from the light source into a substantially paral-

lel light beam;]

positioning an objective lens according to claim 1 for
focusing [the substantially parallel light beam] a light
beam emitted by the light source on an information
recording surface of an optical [disk] medium while
being inclined such that a coma aberration of a wave-
front of the light beam from the objective lens
decreases:

positioning a light beam [splitting member] splitter for
splitting [the] a light beam that has been modulated by
the information recording surface of the optical [disk]
medium:; and

positioning a photodetector [receiving member] for
receiving the light beam that has been modulated by the
information recording surface of the optical [disk;

wherein, aiter the light source and the collimating optical
system are placed, the objective lens 1s disposed while
being inclined such that a coma aberration of a wave-
front of the light beam from the objective lens
decreases] medium.
11. A method for manufacturing an optical head device,
[the optical head device] comprising /e steps of:

positioning a light source;

[a collimating optical system for converting a light beam
emitted from the light source into a substantially paral-

lel light beam;]
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positiorning an objective lens according to claim 4 for
focusing [the substantially parallel light beam] a light
beam emitted by the light source on an information
recording surface of an optical [disk] medium while
being inclined such that a coma aberration of a wave-
front of the light beam from the objective lens
decreases:

positioning a light beam [splitting member] splitter for
splitting [the] a light beam that has been modulated by
the information recording surface of the optical [disk]
medium:; and

positioning a photodetector [receiving member] for
receiving the light beam that has been modulated by the
information recording surface of the optical [disk;

wherein, after the light source and the collimating optical
system are placed, the objective lens 1s disposed while
being inclined such that a coma aberration of a wave-
front of the light beam from the objective lens
decreases] medium.

12. The optical head device according to claim 8, wherein
the objective lens 1s subjected to a tilt adjustment so as to
reduce a third-order coma aberration.

13. The optical head device according to claim 9, wherein
the objective lens 1s subjected to a tilt adjustment so as to
reduce a third-order coma aberration.

14. An optical head device comprising:

an objective lens for focusing a light beam onto a surface
of an optical medium;

a detector for detecting either an inclination of the optical
medium ovr the third-order coma aberration generated
based on the inclination; and

an actuator for inclining the objective lens based on
either the inclination amount or the third-ovder coma
aberration detected by the detector,

wherein DC/LC>-0.9 is satisfied, where DC (mA) rvepre-

sents a third-order coma aberration genervated when
the optical medium is inclined at 0.5° and LC (mh)
represents a thivd-order coma aberration genervated
when the objective lens is inclined at 0.5°.

15. The optical head device according to claim 14,
wherein the objective lens is subjected to a tilt adjustment so
as to rveduce the thivd-ovder coma aberration.

16. The optical head device according to claim 14,
wherein DC/LC>=0.8 is satisfied.

17. The optical head device according to claim 14,
wherein DC+LC is at least 10 mh and not larger than 40 mA..

18. An apparatus for recording information and/or rvepro-
ducing recovded information on the surface of an optical
medium, comprising:

a light source;

an objective lens for focusing a light beam from the light
source onto the surface of the optical medium;

a detector for detecting either an inclination of the optical
medium or the thivd-ovder coma aberration generated
based on the inclination;

a light beam splitter for splitting a light beam that has
been modulated by the information vecording surface of
the optical medium,; and

a photodetector for veceiving the light beam that has been
modulated by the surface of the optical medium, and

an actuator for inclining the objective lens based on
either the inclination amount or the third-ovder coma
aberration detected by the detector,

wherein DC/LC>-0.9 is satisfied, where DC (mh) repre-

sents a third-order coma aberration genervated when
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the optical medium is inclined at 0.5° and LC (mh) 20. The apparatus according to claim 18, wherein
vepresents a third-ovder coma aberration generated DC/LC>-0.8 is satisfied.
when the objective lens is inclined at 0.5°. 21. The apparatus accorvding to claim 18, wherein DC+LC

19. The apparatus according to claim 18, wherein the is at least 10 mA and not larger than 40 mA.
objective lens is subjected to a tilt adjustment so as to veduce 5

the third-order coma aberration. % % % % %
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