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Description

[0001] The present invention relates to a complex ob-
jective lens in which an objective lens is combined with
a hologram that is a diffraction element; an optical head
for condensing light beams having a plurality of wave-
lengths onto an optical disk via the complex objective
lens to record, reproduce, or delete information; an opti-
cal information apparatus in which the optical head is
mounted; and a computer, an optical disk player, a car
navigation system, an optical disk recorder and an optical
disk server to which the optical information apparatus is
applied.
[0002] An optical memory technique using an optical
disk having a pit-shaped pattern as a storage medium
with a high density and a large capacity is being put to
practical use while extending the range of uses to a digital
audio disk, a video disk, a document file disk, and a data
file. A function of recording/reproducing information with
respect to an optical disk satisfactorily with high reliability,
using a minutely condensed light beam, is roughly clas-
sified into a condensing function of forming a minute spot
of a diffraction limit, focal point control (focus servo) and
tracking control of an optical system, and detection of a
pit signal (information signal).
[0003] Recently, because of the advancement of an
optical system design technique and a decrease in wave-
length of a semiconductor laser that is a light source, a
high-density optical disk having a storage capacity larger
than that of the prior art is being developed. As an ap-
proach to larger densities, an increase in a numerical
aperture (NA) on an optical disk side of a condensing
optical system that condenses a light beam minutely onto
an optical disk is being studied. In this case, there is a
problem that the amount of aberration caused by the in-
clination (i.e., tilt) of an optical axis is increased. When a
NA is increased, the amount of aberration occurring with
respect to a tilt also is increased. In order to prevent this,
the thickness (base thickness) of a substrate of an optical
disk should be made thinner.
[0004] A compact disk (CD) that may be a first gener-
ation optical disk uses infrared light (wavelength λ3: 780
nm to 820 nm) and an objective lens with a NA of 0.45,
and has a base thickness of 1.2 mm. ADVD that is a
second generation optical disk uses red light (wavelength
λ2: 630 nm to 680 nm; standard wavelength: 660 nm)
and an objective lens with a NA of 0.6, and has a base
thickness of 0.6 mm. Furthermore, a third generation op-
tical disk (hereinafter, referred to as a BD (Blue-ray Disk)
uses blue light (wavelength λ1: 390 nm to 415 nm; stand-
ard wavelength: 405 nm) and an objective lens with a NA
of 0.85, and has a base thickness of 0.1 mm. In the
present specification, the base thickness refers to a thick-
ness from a surface of an optical disk (or an information
medium) upon which a light beam is incident to an infor-
mation recording surface.
[0005] Thus, the base thickness of an optical disk is
decreased with an increase in density. In terms of eco-

nomical points and a space occupied by an apparatus,
there is a demand for an optical information apparatus
capable of recording/reproducing information with re-
spect to optical disks having different base thicknesses
and recording densities. In order to achieve this, an op-
tical head is required that is provided with a condensing
optical system capable of condensing a light beam to a
diffraction limit onto optical disks having different base
thicknesses.
[0006] Furthermore, in the case where information is
recorded/reproduced with respect to an optical disk hav-
ing a thick base material, it is necessary to condense a
light beam onto a recording surface that is positioned on
a deeper side of the disk surface. Therefore, a focal
length needs to be made larger.
[0007] JP 7(1995)-98431 A discloses a configuration
intended to realize an optical head that records/repro-
duces information with respect to optical disks having
different base thicknesses. This configuration will be de-
scribed as a first conventional example with reference to
FIGS. 25A and 25B.
[0008] In FIGS. 25A and 25B, reference numerals 40
and 41 denote an objective lens and a hologram, respec-
tively. The hologram 41 is provided with a concentric grat-
ing pattern on a substrate transparent to an incident light
beam 44.
[0009] The objective lens 40 has an numerical aperture
NA of 0.6 or more, and as shown in FIG. 25A, is designed
so as to allow 0th-order diffracted light 42 that passes
through the hologram 41 without being diffracted to form
a condensed spot of a diffraction limit on an optical disk
10, for example, having a base thickness (t2) of 0.6 mm.
Furthermore, FIG. 25B shows that a condensed light spot
of a diffraction limit can be formed on an optical disk 11
having a larger base thickness (t1) (i.e., 1.2 mm). In FIG.
25B, +1st-order diffracted light 43 diffracted by the holo-
gram 41 is condensed onto the optical disk 11 by the
objective lens 40. Herein, the +1st-order diffracted light
43 is subjected to aberration correction so as to be con-
densed to a diffraction limit through a substrate with a
thickness t1.
[0010] Thus, by combining the hologram 41 that dif-
fracts incident light with the objective lens 40, a 2-focal
point lens is realized, which is capable of forming a con-
densed light spot that is condensed to a diffraction limit
on the optical disks 10, 11 having different base thick-
nesses (t1 and t2), using diffracted light of different or-
ders. Furthermore, it also is disclosed that, conversely
to the above, the hologram 41 is designed so as to have
a convex lens action, and 0th-order diffracted light is used
for the optical disk 11 with the base thickness t1, and
+1st-order diffracted light is used with respect to the op-
tical disk 10 with the base thickness t2, whereby a fluc-
tuation in a focal point position can be reduced with re-
spect to a wavelength fluctuation during recording/repro-
ducing of information with respect to the optical disk hav-
ing the base thickness t2.
[0011] There also is a disclosure of a configuration in-
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tended for compatible reproducing of information with re-
spect to optical disks having different kinds, using light
beams having a plurality of wavelengths. As a second
conventional example, a configuration in which a wave-
length selection phase plate is combined with an objec-
tive lens is disclosed by JP 10(1998)-334504 A and Ses-
sion We-C-05 of ISOM2001 (page 30 of the preprints).
The configuration disclosed by Session We-C-05 of
ISOM2001 (Page 30 of the preprints) will be described
with reference to FIGS. 26, 2 7A and 27B.
[0012] FIG. 26 is a cross-sectional view showing a
schematic configuration of an optical head as the second
conventional example. In FIG. 26, parallel light output
from a blue light optical system 51 having a blue light
source (not shown) with a wavelength λ1 of 405 nm pass-
es through a beam splitter 161 and a wavelength selec-
tion phase plate 205 and is condensed onto an informa-
tion recording surface of an optical disk 9 (third genera-
tion optical disk: BD) with a base thickness of 0.1 mm by
an objective lens 50. The light reflected from the optical
disk 9 follows a reverse path and is detected by a detector
(not shown) of the blue light optical system 51. On the
other hand, divergent light output from a red light optical
system 52 having a red light source (not shown) with a
wavelength λ2 of 660 nm is reflected by the beam splitter
161, passes through the wavelength selection phase
plate 205, and is condensed onto the information record-
ing surface of an optical disk 10 (second generation op-
tical disk: DVD) with a base thickness of 0.6 mm by the
objective lens 50. Light reflected from the optical disk 10
follows a reverse path and is detected by a detector (not
shown) of the red light optical system 52.
[0013] The objective lens 50 is designed so as to allow
parallel light to pass through the optical disk 9 with the
base thickness of 0.1 mm to be condensed. Therefore,
for recording/reproducing of information with respect to
the DVD with the base thickness of 0.6 mm, spherical
aberration is caused by the difference in base thickness.
In order to correct the spherical aberration, a light beam
output from the red light optical system 52 is formed into
dispersed light, and the wavelength selection phase plate
205 is used. When dispersed light is incident upon the
objective lens 50, new spherical aberration occurs.
Therefore, the spherical aberration caused by the differ-
ence in base thickness is cancelled by the new spherical
aberration, and a wavefront is corrected by the wave-
length selection phase plate 205.
[0014] FIGS. 27A and 27B respectively are a plan view
and a cross-sectional view of the wavelength selection
phase plate 205 in FIG. 26. The wavelength selection
phase plate 205 is configured with a level difference 205a
between heights h and 3h, assuming that the refractive
index at a wavelength λ1 is n1, and h = λ1/(n1-1). The
optical path difference caused by the level difference of
the height h is a use wavelength λ 1, which corresponds
to a phase difference 2π. This case is the same as the
phase difference of 0. Therefore, the level difference of
the height h does not influence the phase distribution of

a light beam with a wavelength λ1, and does not influence
recording and reproducing of information with respect to
the optical disk 9 (FIG. 26). On the other hand, assuming
that the refractive index of the wavelength selection
phase plate 205 at a wavelength λ 2 is n2, h � (n2-1)/
λ2 ≈ 0.6, i.e:, an optical path difference that is not an
integral multiple of a wavelength occurs. The above-men-
tioned aberration correction is performed by using a
phase difference caused by the optical path difference.
[0015] Furthermore, as a third conventional example,
JP 11(1999)-296890 A and the like disclose a configu-
ration in which a plurality of objective lenses are switched
mechanically.
[0016] Furthermore, as a fourth conventional example,
JP 11(1999)-339307 A discloses a configuration in which
a mirror having a reflective surface with different radii of
curvature also functions as a rising mirror (changing the
direction of light from a horizontal direction to a vertical
direction so that the light is incident upon an optical disk)
that bends an optical axis.
[0017] As a fifth conventional example, JP 2000-81566
A discloses a configuration in which a refraction type ob-
jective lens is combined with a hologram in the same way
as in the first conventional example, and the difference
in base thickness is corrected by using chromatic aber-
ration caused by diffracted light of the same order as that
of light having a different wavelength
[0018] As a sixth conventional example, as shown in
FIG. 28, a configuration in which a refraction type objec-
tive lens 281 is combined with a hologram 282 having a
diffraction surface and a refraction surface is described
in "BD/DVD/CD Compatible Optical Pickup Technique"
by Sumito Nishioka (Extended Abstracts (50th Spring
Meeting); The Japan Society of Applied Physics, 27p-
ZW-10 (Kanagawa University, March 2003)) (published
after filing of the priority application of the present appli-
cation). In the sixth conventional example, the hologram
282 is allowed to generate +2nd-order diffracted light with
respect to a blue light beam and +1st-order diffracted
light with respect to a red light beam, whereby chromatic
aberration correction is performed. Furthermore, dis-
persed light is allowed to be incident upon the hologram
282 and the objective lens 281 with respect to a blue light
beam, and converged light is allowed to be incident upon
them with respect to a red light beam, whereby spherical
aberration caused by a difference in base thickness is
corrected.
[0019] The above-mentioned first conventional exam-
ple proposes at least the following three technical ideas.
First, the compatibility of optical disks having different
base thicknesses is realized by using the diffraction of a
hologram. Second, the design of an inner/outer periphery
is changed to form condensed light spots having different
NAs. Third, a focal point position of a condensed light
spot is changed with respect to optical disks having dif-
ferent base thicknesses by using the diffraction of a holo-
gram. These technical ideas do not limit the wavelength
of light to be emitted by a light source.
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[0020] Herein, a DVD that is the second generation
optical disk includes a two-layer disk having two record-
ing surfaces. The recording surface (first recording sur-
face) on a side closer to an objective lens needs to allow
light to pass through to a surface away from the objective
lens, so that its reflectivity is set at about 30%. However,
this reflectivity is guaranteed only with respect to red light,
and is not guaranteed at the other wavelengths. There-
fore, in order to exactly reproduce information from a
DVD, it is required to use red (wavelength λ2 = 630 nm
to 680 nm) light. Furthermore, in recording/reproducing
of information with respect to a BD that is the third-gen-
eration optical disk, it is required to use blue (wavelength
λ1 = 390 nm to 415 nm) light so as to decrease the di-
ameter of a condensed light spot sufficiently. Thus, the
first conventional example does not disclose the config-
uration in which a light use efficiency is enhanced further
when different kinds of optical disks are made compatible
using, in particular, red light and blue light.
[0021] Furthermore, the first conventional example
discloses an example in which a hologram is formed in
a convex lens type, and +1st-order diffracted light is used,
whereby the movement of a focal point position due to a
change in wavelength is reduced with respect to one kind
of optical disk. However, the first conventional example
does not disclose a scheme of reducing simultaneously
the movement of a focal point position caused by a
change in wavelength with respect to each of at least two
kinds of optical disks.
[0022] The second conventional example uses a
wavelength selection phase plate as a compatible ele-
ment. When information is recorded/reproduced with re-
spect to a disk having a large base thickness, a recording
surface is positioned away from an objective lens by the
base thickness. Therefore, it is required to increase a
focal length. The focal length can be increased by pro-
viding the compatible element with a lens power. How-
ever, the wavelength selection phase plate does not have
a lens power. Furthermore, as in the second conventional
example, when it is attempted to realize all the lens pow-
ers with respect to dispersed red light, a large aberration
occurs while an objective lens is moved (e.g., follows a
track), resulting in degradation of recording/reproducing
characteristics.
[0023] In the third conventional example, since objec-
tive lenses are switched, it is required to use a plurality
of objective lenses, which increases the number of parts,
and makes it difficult to miniaturize an optical head. Fur-
thermore, the requirement of a switching mechanism also
makes it difficult to miniaturize an apparatus.
[0024] In the fourth conventional example, an objective
lens is driven independently of a mirror (see FIGS. 4 to
6 in JP 11(1999)-339307 A). However, a light beam is
converted from parallel light by a mirror having the above-
mentioned radius of curvature. Therefore, when the ob-
jective lens is moved by track control or the like, the rel-
ative position of the objective lens with respect to an in-
cident light wavefront is changed, aberration occurs, and

condensing characteristics are degraded. Furthermore,
the reflective surface of a mirror is composed of a surface
having a radius of curvature (i.e., a spherical surface);
however, the spherical surface is not sufficient for cor-
recting the difference in base thickness and the differ-
ence in wavelength, and high-order aberration (5th-order
or higher) cannot be reduced sufficiently.
[0025] When the fifth conventional example is applied
directly to a red light beam and a blue light beam, diffrac-
tion efficiencies of the same order cannot be enhanced
simultaneously because of a large difference in wave-
length, and consequently, the use efficiency of light is
decreased.
[0026] In the sixth conventional example, dispersed
light is allowed to be incident upon a hologram and an
objective lens with respect to a blue light beam and con-
verged light to be incident upon them with respect to a
red light beam. Therefore, under the condition of focusing
(i.e., under the condition that a condensed light spot of
a diffraction limit is formed on an information recording
surface of an optical disk), a light beam reflected to be
returned from an optical disk also becomes different in a
parallel degree between a blue light beam and a red light
beam, and a photodetector for detecting a servo signal
cannot be shared between a blue light beam and a red
light beam. More specifically, at least two photodetectors
are required, which increase the number of parts, leading
to an increase in cost.
[0027] Further, WO 02/21522 A1 discloses a hybrid
lens, combining a refraction type element with a diffrac-
tion type element such that light of a first wavelength is
focused onto a recording layer of an optical recording
medium disposed on the backside of a transparent layer
of a first thickness, and light of a second wavelength is
focused onto a recording layer of another optical record-
ing medium disposed on the backside of a transparent
layer of a second thickness. The diffraction type element
introduces phase changes to light passing it. The diffrac-
tive element is optimized for a high transmission of light
of the first wavelength at zeroth diffractive order, i.e. light
of the first wavelength is not deflected when passing the
diffractive element. This is achieved by providing the dif-
fractive element with a stepped grating profile introducing
a phase change on light of the first wavelength that is a
multiple of 2rr. The grating profile is further optimized for
a high transmission of light of the second wavelength at
first diffractive order. The hybrid lens thus provides a dif-
ferent focal length for the two wavelengths, whereby the
focal length for light of the first wavelength corresponds
to just the focal length of the refractive type element, while
it corresponds to a combination of the focal length of both
elements for light of the second wavelength.
[0028] Document JP 2001-093179 A discloses an op-
tical pickup for use in an optical recording/reproducing
device for recording or reproducing information from op-
tical disks employing different wavelengths. The optical
pickup comprises an objective lens unit incorporating a
condenser lens for focusing a light-beam onto the record-
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ing surface and a diffractive optical element having a dif-
fraction grating such as a Fresnel lens or a hologram
lens. The diffraction grating may be formed with a cross-
section in blazed or sawtooth shape or in steps. The dif-
fraction grating is designed to diffract a blue laser beam
at a second order while diffracting red light at a first order,
whereby the first diffraction order for the blue laser light
is preferably greater than the second diffraction order for
the red laser light.
[0029] Document EP 1 202 259 describes a hybrid
lens, integrally combining a refraction type lens with a
diffractive structure. The diffractive structure is used to
correct chromatic aberration and chromatic spherical ab-
erration generated on the refraction type lens.
[0030] Document US 6,084,843 discloses an optical
head enabling a focusing of red and infrared light on re-
spective different recording media. The optical head
comprises a refractive lens and a holographic optical el-
ement designed to diffract one of the two light beams in
a first order away from the optical axis of the beam without
imparting substantial diffraction on the second light
beam.
[0031] Therefore, with the foregoing in mind, it is an
object of the present invention to provide a complex ob-
jective lens having a high light use efficiency that realizes
compatible reproducing and compatible recording be-
tween an optical disk designed for a red light beam with
a wavelength λ2 (typically, about 660 nm) at a base thick-
ness 0.6 mm and an optical disk designed for a blue light
beam at a wavelength λ1 (typically, about 405 nm) at a
base thickness of 0.1 mm.
[0032] It is another object of the present invention to
provide an optical information apparatus capable of han-
dling a plurality of optical disks having different recording
densities with a single optical head by mounting an optical
head using the above-mentioned complex objective lens.
[0033] It is still another object of the present invention
to provide a computer, an optical player, a car navigation
system, an optical disk recorder, and an optical disk serv-
er capable of recording/reproducing information stably
by selection of different kinds of optical disks in accord-
ance with the use, by including the above-mentioned op-
tical information apparatus.
[0034] It is to be noted that all examples given below
which do not fall under the scope of the invention as set
out in the appended claims are not to be considered as
embodiments and examples of the invention.
[0035] In order to achieve the above-mentioned object,
a first complex objective lens not part of the present in-
vention includes a hologram and a refraction type lens,
wherein the hologram has a grating with a stepped cross-
section, a level difference of the stepped cross-section
is an integral multiple of a unit level difference d1, the
unit level difference d1 gives a difference in optical path
length of about one wavelength to a first light beam hav-
ing a wavelength λ1 in a range of 390 nm to 415 nm, and
one period of the grating is composed of a step of heights
in an order of 0 time, twice, once, and three times the

unit level difference d1 from an outer peripheral side to
an optical axis side of the hologram.
[0036] In the first complex objective lens, a ratio of
widths of the level difference of the stepped cross-section
of the grating is 2 : 3 : 3 : 2 corresponding to the heights
in the order of 0 time, twice, once, and three times the
unit level difference d1.
[0037] Furthermore, in the first complex objective lens,
the grating is formed only in an inner circumferential por-
tion of the hologram.
[0038] Furthermore, the first complex objective lens
condenses 0th-order diffracted light of the first light beam
through a base with a thickness t1 and condenses 1st-
order diffracted light of a second light beam having a
wavelength λ2 in a range of 630 nm to 680 nm through
a base with a thickness t2 larger than the thickness t1.
[0039] In order to achieve the above-mentioned object,
a second complex objective lens which constitutes the
present invention includes a hologram and a refraction
type lens, wherein the hologram has a grating with a
stepped cross-section formed in at least an inner circum-
ferential portion, a level difference of the stepped cross-
section is an integral multiple of a unit level difference
d2, the unit level difference d2 gives a difference in optical
path length of about 1.25 wavelengths to a first light beam
having a wavelength λ1 in a range of 390 nm to 415 nm,
and one period of the grating is composed of a step of
heights in an order of 0 time, once, twice, and three times
the unit level difference d2 from an outer peripheral side
to an optical axis side of the hologram.
[0040] In the second complex objective lens, a ratio of
widths of the level difference of the stepped cross-section
of the grating is 1 : 1 = 1 : 1 corresponding to the heights
in the order of 0 time, once, twice, and three times the
unit level difference d2.
[0041] Furthermore, in the second complex objective
lens, the hologram has a grating with a stepped cross-
section formed in an outer peripheral portion, a level dif-
ference of the stepped cross-section of the grating
formed in the outer peripheral portion is an integral mul-
tiple of a unit level difference d3, the unit level difference
d3 gives a difference in optical path length of about 0.25
wavelengths to the first light beam, and one period of the
grating formed in the outer peripheral portion is com-
posed of a step of heights in an order of 0 time, once,
twice and three times the unit level difference d3 from an
outer peripheral side to an optical axis side of the holo-
gram.
[0042] Furthermore, the second complex objective
lens condenses +1st-order diffracted light of the first light
beam through a base with a thickness t1 and condenses
-1st-order diffracted light of a second light beam having
a wavelength λ2 in a range of 630 nm to 680 nm passing
through a grating formed in an inner circumferential por-
tion of the hologram through a base with a thickness t2
larger than the thickness t1.
[0043] In order to achieve the above-mentioned object,
a third complex objective lens not part of the present in-
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vention includes a hologram and a refraction type lens,
wherein the hologram has a grating with a sawtooth
cross-section formed in at least an inner circumferential
portion, and a depth h1 of the sawtooth cross-section
gives a difference in optical path length of about 2 wave-
lengths to a first light beam having a wavelength λ1 in a
range of 390 nm to 415 nm to allow the first light beam
to generate +2nd-order diffracted light most strongly, and
allows a second light beam having a wavelength λ2 in a
range of 630 nm to 680 nm to generate +1st-order dif-
fracted light most strongly.
[0044] In order to achieve the above-mentioned object,
a fourth complex objective lens not part of the present
invention includes a hologram and a refraction type lens,
wherein the hologram has a grating with a sawtooth
cross-section formed in at least an inner circumferential
portion, and a depth h2 of the sawtooth cross-section
gives a difference in optical path length of about one
wavelength to a second light beam having a wavelength
λ2 in a range of 630 nm to 680 nm to allow the second
light beam to generate +1st-order diffracted light most
strongly, and allows a first light beam having a wave-
length λ1 in a range of 390 nm to 415 nm to generate
+2nd-order diffracted light most strongly.
[0045] In order to achieve the above-mentioned object,
a fifth complex objective lens not part of the present in-
vention includes a hologram and a refraction type lens,
wherein the hologram has a grating with a sawtooth
cross-section formed in at least an inner circumferential
portion, and a depth h4 of the sawtooth cross-section
gives a difference in optical path length larger than 1.7
wavelengths and smaller than 2 wavelengths to a first
light beam having a wavelength λ1 in a range of 390 nm
to 415 nm to allow the first light beam to generate +2nd-
order diffracted light most strongly, and allows a second
light beam having a wavelength λ2 in a range of 630 nm
to 680 nm to generate +1st-order diffracted light most
strongly.
[0046] In the fifth complex objective lens, it is prefera-
ble that the depth h4 of the sawtooth cross-section gives
a difference in optical path length of 1.9 wavelengths to
the first light beam.
[0047] In order to achieve the above-mentioned object,
a sixth complex objective lens not part of the present
invention includes a hologram and a refraction type lens,
wherein the hologram allows a first light beam having a
wavelength λ1 in a range of 390 nm to 415 nm to generate
+2nd-order diffracted light most strongly and allows a
second light beam having a wavelength λ2 in a range of
630 nm to 680 nm to generate +1st-order diffracted light
most strongly, and the refraction type lens condenses
the +2nd-order diffracted light of the first light beam via
the hologram through a base with a thickness t1, and
condenses +1st-order diffracted light of the second light
beam via an inner circumferential portion of the hologram
through a base with a thickness t2 larger than the thick-
ness t1.
[0048] In the third to sixth complex objective lenses,

the hologram has a grating with a sawtooth cross-section
formed in an outer peripheral portion, and a depth h3 of
the sawtooth cross-section of the grating formed in the
outer peripheral portion gives a difference in optical path
length of about one wavelength to the first light beam to
allow the first light beam to generate +1st-order diffracted
light most strongly, and allows the second light beam to
generate +1st-order diffracted light most strongly.
[0049] In the second to sixth complex objective lenses,
the hologram is configured so as to have a function as a
convex lens in order to reduce a change in a focal length
with respect to a change in the wavelength λ1 in a case
of condensing the first light beam through a base with a
thickness t1.
[0050] In the first to sixth complex objective lenses, in
order to place a focal point position on an optical disk
side away from the complex objective lens, the hologram
is configured so as to have a larger function as a convex
lens compared with the case of condensing the second
light beam passing through an inner circumferential por-
tion of the hologram through the base with the thickness
t2, in a case of condensing the first light beam through
the base with the thickness t1, or the hologram is config-
ured so as to have a smaller function as a convex lens
compared with a case of condensing the first light beam
through the base with the thickness t1, in a case of con-
densing the second light beam passing through the inner
circumferential portion of the hologram through the base
with the thickness t2. Because of this, the focal point po-
sition on the optical disk side can be placed away from
the complex objective lens, i.e., a working distance can
be enlarged.
[0051] In the third to sixth complex objective lenses, a
cross-sectional shape of the grating constituting the holo-
gram is a sawtooth shape with a base forming the holo-
gram having a slope on an outer peripheral side.
[0052] In the first to sixth complex objective lenses, it
is preferable that the hologram and the refraction type
lens are fixed integrally.
[0053] Alternatively, in the first to sixth complex objec-
tive lenses, it is preferable that a refractive surface of the
refraction type lens on an opposite side of a condensed
spot is an aspherical surface. In this case, it is preferable
that the hologram is formed integrally on the aspherical
surface of the refraction type lens.
[0054] Alternatively, in the first to sixth complex objec-
tive lenses, the hologram is formed integrally on a surface
of the refraction type lens.
[0055] In the first to sixth complex objective lenses,
assuming that a numerical aperture at which the first light
beam is condensed through the base with the thickness
t1 is NAb, and a numerical aperture at which the second
light beam is condensed through the base with the thick-
ness t2 is NAr, NAb > NAr is satisfied.
[0056] In order to achieve the above-mentioned object,
an optical head apparatus according to the present in-
vention includes: a first laser light source for emitting a
first light beam having a wavelength λ1 in a range of 390
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nm to 415 nm; a second laser light source for emitting a
second light beam having a wavelength λ2 in a range of
630 nm to 680 nm; the second complex objective lenses
for receiving the first light beam emitted from the first
laser light source to condense it onto a recording surface
of a first optical disk through a base with a thickness t1,
and receiving the second light beam emitted from the
second laser light source to condense it onto a recording
surface of a second optical disk through a base with a
thickness t2 larger than the thickness t1; and a photode-
tector for receiving the first and second light beams re-
flected respectively from the recording surfaces of the
first and second optical disks to output an electric signal
in accordance with light amounts of the first and second
light beams.
[0057] It is preferable that the optical head apparatus
according to the present invention includes a collimator
lens that collimates the first and second light beams re-
spectively emitted from the first and second laser light
sources, wherein when the second light beam is con-
densed onto the recording surface of the second optical
disk, the collimator lens is placed closer to the second
laser light source side to convert the second light beam
to divergent light so as to allow it to be incident upon the
complex objective lens, whereby a focal point position
on the second optical disk side is placed away from the
complex objective lens.
[0058] In the optical head apparatus according to the
present invention, the first and second laser light sources
are placed so that both lighting points thereof have an
image-forming relationship with respect to focal point po-
sitions of the complex objective lens on the first and sec-
ond optical disk sides, and the photodetector is provided
so as to be shared by the first and second light beams
respectively reflected from the recording surfaces of the
first and second optical disks and receives the first and
second light beams to detect a servo signal.
[0059] In order to achieve the above-mentioned object,
an optical information apparatus according to the present
invention includes: the optical head apparatus according
to the present invention; a motor for rotating the first and
second optical disks; and an electric circuit for receiving
a signal obtained from the optical head apparatus and
driving the motor, the complex objective lens, and the
first and second laser light sources based on the signal.
[0060] In the optical information apparatus according
to the present invention, the optical head apparatus in-
cludes a collimator lens that collimates the first and sec-
ond light beams respectively emitted from the first and
second laser light sources, and when the second optical
disk having a base with a thickness t2 of 0.6 mm is mount-
ed, the optical information apparatus according to the
present invention moves the collimator lens to the second
laser light source side.
[0061] In order to achieve the above-mentioned object,
a computer according to the present invention includes:
the optical information apparatus according to the
present invention; an input apparatus for inputting infor-

mation; an arithmetic unit for performing an arithmetic
operation based on information input from the input ap-
paratus and information reproduced from the optical in-
formation apparatus; and an output apparatus for dis-
playing or outputting the information input from the input
apparatus, the information reproduced from the optical
information apparatus, and a result of the arithmetic op-
eration by the arithmetic unit.
[0062] In order to achieve the above-mentioned object,
an optical disk player according to the present invention
includes: the optical information apparatus according to
the present invention; and a decoder for converting an
information signal obtained from the optical information
apparatus to an image signal.
[0063] In order to achieve the above-mentioned object,
a car navigation system according to the present inven-
tion includes: the optical information apparatus according
to the present invention; and a decoder for converting an
information signal obtained from the optical information
apparatus to an image signal.
[0064] In order to achieve the above-mentioned object,
an optical disk recorder according to the present inven-
tion includes: the optical information apparatus according
to the present invention; and an encoder for converting
an image signal to an information signal to be recorded
in the optical information apparatus.
[0065] In order to achieve the above-mentioned object,
an optical disk server according to the present invention
includes: the optical information apparatus according to
the present invention; and an input/output terminal for
recording an information signal input from outside in the
optical information apparatus and outputting an informa-
tion signal reproduced from the optical information ap-
paratus to outside.
[0066] These and other advantages of the present in-
vention will become apparent to those skilled in the art
upon reading and understanding the following detailed
description with reference to the accompanying figures.
[0067] FIG. 1 is a cross-sectional view showing one
exemplary configuration of an optical head.
[0068] FIG. 2 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
a hologram 13 and an objective lens 14 in FIG. 1.
[0069] FIG. 3A is a plan view showing a configuration
of the hologram 131 in FIG. 2.
[0070] FIG. 3B is a cross-sectional view showing a
configuration of the hologram 131 in FIG. 2.
[0071] FIG. 4A is a cross-sectional view showing a
stepped shape in one period (p1) of a grating formed in
an inner circumferential portion 131C of the hologram
131 shown in FIG. 3A.
[0072] FIG. 4B shows a phase modulation amount with
respect to a red light beam 62 (wavelength λ2) corre-
sponding to FIG. 4A
[0073] FIG. 5 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1.
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[0074] FIG. 6A is a plan view showing a configuration
of the hologram 132 in FIG. 5.
[0075] FIG. 6B is a cross-sectional view showing a
configuration of the hologram 132 in FIG. 5.
[0076] FIG. 7A is a cross-sectional view showing a
stepped shape in one period (p2) of a grating formed in
the hologram 132.
[0077] FIG. 7B shows a phase modulation amount with
respect to a blue light beam 61 (wavelength λ1) corre-
sponding to FIG. 7A.
[0078] FIG. 7C shows a phase modulation amount with
respect to a red light beam 62 (wavelength λ2) corre-
sponding to FIG. 7A.
[0079] FIG. 8A is a plan view showing a specific ex-
ample of the hologram 13 shown in FIG. 1 in Embodiment
3 of the present invention.
[0080] FIG. 8B is a cross-sectional view showing a
specific example of the hologram 13 shown in FIG. 1.
[0081] FIG. 9A is a cross-sectional view showing a
stepped shape in one period (p3) of a grating formed in
an outer peripheral potion 133C of the hologram 133.
[0082] FIG. 9B shows a phase modulation amount with
respect to the blue light beam 61 (wavelength λ1) corre-
sponding to FIG. 9A.
[0083] FIG. 9C shows a phase modulation amount with
respect to the red light beam 62 (wavelength λ2) corre-
sponding to FIG. 9A.
[0084] FIG. 10 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1.
[0085] FIG. 11A is a plan view showing a configuration
of a hologram 134 in FIG. 10.
[0086] FIG. 11B is a cross-sectional view showing a
configuration of the hologram 134 in FIG. 10.
[0087] FIG. 12A is a cross-sectional view showing a
sawtooth shape in one period (p4) of a grating formed in
the hologram 134.
[0088] FIG. 12B shows a phase modulation amount
with respect to the blue light beam 61 (wavelength λ1)
corresponding to FIG. 12A.
[0089] FIG. 12C shows a phase modulation amount
with respect to the red light beam 62 (wavelength λ2)
corresponding to FIG. 12A
[0090] FIG. 13A is a cross-sectional view showing a
sawtooth shape in one period (p4) of a grating formed in
an inner circumferential portion 134C of the hologram
134.
[0091] FIG. 13B shows a phase modulation amount
with respect to the blue light beam 61 (wavelength λ1)
corresponding to FIG. 13A.
[0092] FIG. 13C shows a phase modulation amount
with respect to the red light beam 62 (wavelength λ2)
corresponding to FIG. 13A.
[0093] FIG. 14 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1.

[0094] FIG. 15A is a plan view showing a configuration
of the hologram 135 in FIG. 14.
[0095] FIG. 15B is a cross-sectional view showing a
configuration of the hologram 135 in Fig. 14.
[0096] FIG. 16A is a cross-sectional view showing a
physical sawtooth shape in one period (p7) of a grating
formed in an outer peripheral portion 135B of the holo-
gram 135.
[0097] FIG. 16B shows a phase modulation amount
with respect to the blue light beam 61 (wavelength λ1)
corresponding to FIG. 16A.
[0098] FIG. 16C shows a phase modulation amount
with respect to the red light beam 62 (wavelength λ2)
corresponding to FIG. 16A.
[0099] FIG. 17 is a graph showing a relationship be-
tween a depth "h4" of a sawtooth grating formed in the
inner circumferential portion 136C of the hologram 136
and a diffraction efficiency.
[0100] FIG. 18 is a cross-sectional view showing a spe-
cific example of a complex objective lens.
[0101] FIG. 19 is a view showing a schematic config-
uration of an optical information apparatus.
[0102] FIG. 20 is a schematic view showing one ex-
emplary configuration of a computer .
[0103] FIG. 21 is a schematic view showing one ex-
emplary configuration of an optical disk player.
[0104] FIG. 22 is a schematic view showing one ex-
emplary configuration of a car navigation system.
[0105] FIG. 23 is a schematic view showing one ex-
emplary configuration of an optical disk recorder.
[0106] FIG. 24 is a schematic view showing one ex-
emplary configuration of an optical disk server.
[0107] FIG. 25A is a cross-sectional view showing a
schematic configuration of an optical head for condens-
ing 0th-order diffracted light 42 onto an optical disk 10
with a base thickness of 0.6 mm in a first conventional
example.
[0108] FIG. 25B is a cross-sectional view showing a
schematic configuration of an optical head for condens-
ing +1st-order diffracted light 43 onto an optical disk 11
with a base thickness of 1.2 mm in the first conventional
example.
[0109] Fig. 26 is a cross-sectional view showing a
schematic configuration of an optical head as a second
conventional example.
[0110] FIG. 27A is a plan view showing a configuration
of a wavelength selection phase plate 205 in FIG. 26.
[0111] FIG. 27B is a cross-sectional view showing a
configuration of the wavelength selection phase plate
205 in FIG. 26.
[0112] Fig. 28 is a cross-sectional view showing a
schematic configuration of an optical head as a sixth con-
ventional example.
[0113] Hereinafter, the present invention will be de-
scribed by way of illustrative embodiments with reference
to the drawings.
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Example 1

[0114] FIG. 1 is a cross-sectional view showing one
exemplary configuration of an optical head. In FIG. 1,
reference numeral 1 denotes a blue laser light source as
a first laser light source for emitting a first light beam
having a wavelength λ1 (390 nm to 415 nm: in general,
405 nm is used often, so that a wavelength of 390 nm to
415 nm will be collectively referred to as "about 405 nm");
20 denotes a red laser light source as a second laser
light source for emitting a second light beam having a
wavelength λ2 (630 nm to 680 nm: in general, 660 nm
is used often, so that a wavelength of 630 nm to 680 nm
will be collectively referred to as "about 660 nm"); 8 de-
notes a collimator lens; 12 denotes a rising mirror that
bends an optical axis; 13 denotes a hologram (diffraction
type optical element); and 14 denotes an objective lens
as a refraction type lens. Herein, the hologram 13 and
the objective lens 14 constitute a complex objective lens
in the present example.
[0115] Reference numeral 9 denotes a BD (first optical
disk) that is a third generation optical disk, which has a
base thickness t1 of about 0.1 mm (a base thickness of
0.06 mm to 0.11 mm will be collectively referred to as
"about 0.1 mm") or less and with respect to which infor-
mation is recorded/reproduced with a first light beam hav-
ing a wavelength λ1. 10 denotes a second generation
optical disk (second optical disk) such as a DVD, which
has a base thickness t2 of about 0.6 mm (a base thick-
ness of 0.54 mm to 0.65 mm will be collectively referred
to as "about 0.6 mm") and with respect to which informa-
tion is recorded/reproduced with a second light beam
having a wavelength λ2. Regarding the first optical disk
9 and the second optical disk 10, only a base from a light
incident surface to a recording surface is shown. How-
ever, actually, in order to enhance mechanical strength
and set the outer size to be 1.2 mm that is the same size
as that of a CD, a protective plate is attached to the first
optical disk 9 and the second optical disk 10. A protective
member with a thickness of 0.6 mm is attached to the
second optical disk 10. A protective member with a thick-
ness of 1.1 mm is attached to the first optical disk 9. In
the figures referred to through the respective, the protec-
tive member is omitted for simplifying examples and the
embodiment of the present invention illustration.
[0116] The blue laser light source 1 and the red laser
light source 20 are preferably semiconductor laser light
sources. Because of this, an optical head and an optical
information apparatus using the same can be miniatur-
ized and reduced in weight and power consumption.
[0117] When information is recorded/reproduced with
respect to the first optical disk 9 with the highest recording
density, a blue light beam 61 with a wavelength λ1 emit-
ted from the blue laser light source 1 is reflected by a
beam splitter 4 and circularly polarized by a 1/4 wave-
length plate 5. The 1/4 wavelength plate 5 is designed
so as to function as a 1/4 wavelength plate with respect
to both the blue light beam 61 with a wavelength λ1 and

the red light beam 62 with a wavelength λ2. The blue
light beam 61 passing through the 1/4 wavelength plate
5 is substantially collimated by the collimator lens 8, has
its optical axis bent by the rising mirror 12, and is con-
densed onto an information recording surface 91 (see
FIG. 2) through the base with a thickness of about 0.1
mm of the first optical disk 9 by the hologram 13 and the
objective lens 14.
[0118] The blue light beam 61 rejected from the infor-
mation recording surface 91 follows the previous optical
path in a reverse direction return path), is linearly polar-
ized in a direction orthogonal to the initial direction by the
1/4 wavelength plate 5, passes through the beam splitter
4 substantially totally, is totally reflected by a beam splitter
16, is diffracted by a detection hologram 31, has its focal
length increased by a detection lens 32, and is incident
upon a photodetector 33. By operating an output signal
from the photodetector 33, a servo signal and an infor-
mation signal used for focal point control and tracking
control are obtained.
[0119] As described above, the beam splitter 4 is a
polarized light separation film that totally reflects linearly
polarized light in one direction and totally transmits line-
arly polarized light in a direction orthogonal thereto with
respect to the blue light beam with a wavelength λ1. Fur-
thermore, the beam splitter 4 totally transmits the red
light beam 62 emitted from the red laser light source 20
with respect to the red light beam with a wavelength λ2,
as described later. Thus, the beam splitter 4 is an optical
path branching element having wavelength selectivity to-
gether with polarization characteristics.
[0120] Next, when information is recorded/reproduced
with respect to the second optical disk 10, the red light
beam 62 with a wavelength λ2, which is substantially
linearly polarized light emitted from the red laser light
source 20, passes through the beam splitters 16 and 4,
substantially collimated by the collimator lens 8, has its
optical axis bent by the rising mirror 12, and is condensed
onto an information recording surface 101 (see FIG. 2)
through a base with a thickness of about 0.6 mm of the
second optical disk 10 by the hologram 13 and the ob-
jective lens 14.
[0121] The red light beam reflected from the informa-
tion recording surface 101 follows the previous optical
path in a reverse direction (return path), totally passes
through the beam splitter 4, is totally reflected by the
beam splitter 16, is diffracted by the detection hologram
31, has its focal length increased by the detection lens
32, and is incident upon the photodetector 33. By oper-
ating an output signal from the photodetector 33, a servo
signal and an information signal used for focal point con-
trol and tracking control are obtained.
[0122] As described above, in order to obtain a servo
signal for the first optical disk 9 and the second optical
disk 10 from the common photodetector 33, the blue laser
light source 1 and the red laser light source 20 are placed
so that their lighting points have an image-forming rela-
tionship with a common position on the objective lens 14
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side. Because of this, the number of photodetectors and
the number of wires can be reduced.
[0123] The beam splitter 16 is a polarized light sepa-
ration film that totally transmits linearly polarized light in
one direction and totally reflects linear polarized light in
a direction orthogonal thereto with respect to the red light
beam 62 with a wavelength λ2. The beam splitter 16 to-
tally reflects the blue light beam 61 with a wavelength
λ1. Thus, the beam splitter 16 also is an optical path
branching element having wavelength selectivity togeth-
er with polarization characteristics, in the same way as
in the beam splitter 4.
[0124] FIG. 2 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 in FIG. 1. In
FIG. 2, reference numeral 131 denotes a hologram as a
diffraction type optical element. The hologram 131 trans-
mits a large light amount of the blue light beam 61 with
a wavelength λ 1 without diffracting it, and diffracts the
red light beam 62 with a wavelength λ2, as described
later. Light that has not been diffracted when passing
through a diffraction element is called 0th-order diffracted
light, so that such light will be represented as 0th-order
diffracted light.
[0125] The hologram 131 transmits the blue light beam
61 with a wavelength λ1 as 0th-order diffracted light, so
that the hologram 131 does not convert a wavefront with
respect to the blue light beam 61. Thus, the objective
lens 141 is designed so that the substantially parallel blue
light beam 61 with a wavelength λ1 is condensed onto
the information recording surface 91 through a base with
a thickness t1 of the first optical disk 9. Since the holo-
gram 131 does not convert a wavefront with respect to
the blue light beam 61, it is not required to set the relative
position of the hologram 131 and the objective lens 141
with high precision in terms of recording/reproducing of
information with respect to the first optical disk 9. In the
case where the permissible position error of the objective
lens 141 and the hologram 131 can be increased with
respect to the blue light beam 61 with a wavelength λ1
for recording/reproducing information with respect to the
first optical disk 9 with the shortest wavelength and the
highest recording density, and as described later, infor-
mation is recorded/reproduced with respect to an optical
disk having a lower recording density with a light beam
having a longer wavelength, the relative position of the
hologram 131 and the objective lens 141 may be consid-
ered. Thus, an optical head excellent in productivity can
be configured, in which the permissible margin of error
of the relative position can be increased more.
[0126] Next, the function of the hologram 131 when
information is recorded/reproduced with respect to the
optical disk 10 using the red light beam 62 will be de-
scribed in detail. The hologram 131 transmits the blue
light beam 61 with a wavelength λ1 as 0th-order light,
and diffracts the red light beam 62 with a wavelength λ2.
The objective lens 141 condenses the red light beam 62
onto the information recording surface 101 through a

base with a thickness of about 0.6 mm of the second
optical disk 10. Herein, in the second optical disk 10, the
base thickness is large (i.e., 0.6 mm) from the light inci-
dent surface to the information recording surface 101.
Therefore, it is required to set a focal point position farther
away from the objective lens 141, compared with the focal
point position in the case where information is recorded/
reproduced with respect to the first optical disk 9 with a
base thickness of 0.1 mm. As shown in FIG. 2, the red
light beam 62 is converted to dispersed light by wavefront
conversion, whereby the focal point position is corrected
and spherical aberration caused by the difference in base
thickness is corrected.
[0127] The red light beam 62 with a wavelength λ2 is
subjected to wavefront conversion by the hologram 131.
Thus, when there is an error in the relative position of the
hologram 131 and the objective lens 141, the wavefront
as designed is not incident upon the objective lens 141,
and aberration occurs on the wavefront incident upon the
second optical disk 10, resulting in degraded condensing
characteristics. Desirably, the hologram 131 and the ob-
jective lens 141 are integrally fixed by a support 34, or
the hologram 131 is formed directly on the surface of the
objective lens 141, whereby they are moved integrally
by a common driving unit 15 (FIG. 1) for focal point control
and tracking control.
[0128] FIG. 3A is a plan view showing a configuration
of the hologram 131, and FIG. 3B is a cross-sectional
view similar to FIG. 2, showing a configuration of the holo-
gram 131. The hologram 131 has different configurations
between an inner side (inner circumferential portion
131C) and an outer side (outer peripheral portion 131B
between an inner/outer peripheral boundary 131A and
an effective range 131D) of the inner/outer peripheral
boundary 131A. The inner circumferential portion 131C
is a region including a crossing point (i.e., the center)
between the hologram 131 and the optical axis. This re-
gion also is used for recording/reproducing information
with respect to the second optical disk 10 using the red
light beam 62 and for recording/reproducing information
with respect to the first optical disk 9 using the blue light
beam 61.
[0129] Thus, a concentric diffraction grating is formed
in the inner circumferential portion 131C. Regarding the
outer peripheral portion 131B, it is required that a numer-
ical aperture NAb when information is recorded/repro-
duced with respect to the first optical disk 9 with the blue
light beam 61 is larger than a numerical aperture NAr
when information is recorded/reproduced with respect to
the second optical disk 10 with the red light beam 62
(NAb > NAr). Therefore, it is required to provide the outer
peripheral portion 131B, which condenses only the blue
light beam 61 onto the first optical disk 9 and allows the
red light beam 62 to have aberration with respect to the
second optical disk 10, around the inner circumferential
portion 131C that condenses the blue light beam 61 and
the red light beam 62 onto the respectively corresponding
first optical disk 9 and second optical disk 10.
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[0130] In the present example, a hologram is not
formed in the outer peripheral portion 131B. The objec-
tive lens 141 is designed so that the blue light beam 61
passing through the outer peripheral portion 131B is con-
densed onto the first optical disk 9 after passing through
a base of about 0.1 mm, whereby the red light beam 62
passing through the outer peripheral portion 131B is not
condensed onto the second optical disk 10, and the con-
dition of NAb > NAr can be realized.
[0131] FIG. 4A is a cross-sectional view showing a
physical level difference in one period (p1) of a grating
formed in the inner circumferential portion 131C of the
hologram 131 shown in FIG. 3A, and FIG. 4B shows a
phase modulation amount with respect to the red light
beam 62 (wavelength λ2) corresponding to FIG. 4A.
Herein, the hologram 131 has a lens action, and a grating
pitch is varied locally. The grating pitch is illustrated mere-
ly using any points on the hologram 131 as representa-
tive. This also applies to the other examples and the em-
bodiment of the invention. In FIGS. 4A and 4B, a lower
side represents a hologram base side (side with a higher
refractive index) and an upper side represents an air side
(side with a lower refractive index). Hereinafter, the same
definition will be used in similar figures.
[0132] In FIG. 4A, a vertical direction represents a level
difference. Herein, a shape obtained by combining rec-
tangular shapes will be referred to as a stepped shape.
A "nb" represents a refractive index of a hologram ma-
terial with respect to the blue light beam 61 (wavelength
λ1). Assuming that the hologram material is, for example,
BK7, "nb" is 1.5302. Herein, BK7 will be illustrated as an
example. Other glass materials, polycarbonate, and
polycycloolefin type resin materials also can be used.
This also applies to the other examples and to the em-
bodiment of the invention.
[0133] It is assumed that one unit of the level difference
corresponds to an amount at which a difference in optical
path length is about one wavelength (i.e., phase differ-
ence is about 2π) with respect to the blue light beam 61.
Then, the unit level difference d1 is λ1/(nb-1) = 0.764 Pm.
[0134] When the level difference of a grating is set to
be an integral multiple of the unit level difference d1 to
obtain a stepped cross-sectional shape, the phase mod-
ulation amount with respect to the blue light beam 61 in
this shape becomes an integral multiple of 2π, which sub-
stantially corresponds to the absence of phase modula-
tion.
[0135] On the other hand, assuming that the refractive
index of a hologram material with respect to the red light
beam 62 is "nr", in the case where the hologram material
is BK7, "nr" is 1.5142. Therefore, the difference in optical
path length occurring in the red light beam 62 due to the
unit level difference d1 is d1 � (nr - 1)/λ2 = 0.595, i.e.,
about 0.6 times the wavelength λ2.
[0136] Assuming a stepped shape in which the level
difference is set to be 0 time, twice, once, and three times
d1 from the right as shown in FIG. 4A, as described
above, phase modulation does not occur principally and

diffraction does not occur in the blue light beam 61, i.e.,
0th-order diffracted light becomes strongest. Then, the
difference in optical path length is changed in a stepped
shape in the order of: 0 time, 1.2 times, 0.6 times, and
1.8 times the wavelength λ2 with respect to the red light
beam 62. Among them, the integral multiple corresponds
to the absence of phase modulation. Therefore, substan-
tially, the difference in optical path length is changed in
a stepped shape in the order of: 0 time, 0.2 times, 0.6
times, and 0.8 times the wavelength λ2, as shown in FIG.
4B. The width of each step in one period is changed with
respect to such a stepped shape change, and a diffraction
efficiency is calculated. As a result, as shown in FIG. 4A,
assuming that the ratio of step widths is about 2 : 3 : 3 :
2, the diffraction efficiency of +1st-order diffracted light
of the red light beam 62 becomes highest, and about
75% diffraction efficiency is obtained according to the
Scalar calculation.
[0137] The ratio of step widths herein is the ratio of
physical lengths when a peripheral grating pitch is con-
stant. However, when a peripheral grating pitch is
changed rapidly, it is desirable to change the ratio of step
widths in accordance with the rapid change. This point
also applies to the examples and the embodiment de-
scribed later. The stepped configuration that does not
allow phase modulation to occur with respect to the blue
light beam 61 and diffracts the red light beam 62 also is
disclosed in JP 10(1998)-334504 A and Session We-C-
05 of ISOM2001 (page 30 of the preprints) listed as the
second conventional example. However, these docu-
ments do not show that the level difference is formed in
a stepped shape in the order of 0 time, twice, once, and
three times the unit level difference d1, and the ratio of
step widths is set to be about 2 : 3 : 3 : 2, as in the present
example.
[0138] In the configuration of the present example, the
step difference is set to be at most three times the unit
step difference d1, i.e. the step difference is minimized
as a 4-stepped shape. Thus, the production errors and
the loss of a light amount due to wall surfaces of the steps
(rising surfaces in the vertical direction in the figure) are
minimized. In addition, an optimum ratio of step widths
is found. Thus, the light amount of + 1st-diffracted light
of the red light beam 62 can be increased, which is par-
ticularly advantageous for ensuring a recording light
amount. However, such an effect cannot be obtained in
the prior art.
[0139] Furthermore, with respect to the overall config-
uration of an optical head, an example of an additionally
effective configuration will be described below. The fol-
lowing configuration is effective for all the examples and
the embodiment. The important point of the present ex-
ample lies in the hologram 13 (131 in the present exam-
ple) for realizing compatible reproducing/recording of in-
formation with respect to the first and second optical disks
9 and 10, and the objective lens 14 (141 in the present
example) used in combination with the hologram 13. In
the other configurations described above and below, the
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beam splitter 16, the detection lens 32, and the detection
hologram 31 are not required elements. These elements
exhibit their effects as preferable configurations; howev-
er, the other configurations can be used appropriately.
[0140] In FIG. 1, by placing a 3-beam grating (diffrac-
tion element) 3 between the blue laser light source 1 and
the beam splitter 4, a tracking error signal of the first
optical disk 9 can be detected by a well-known differential
push-pull (DPP) method.
[0141] Furthermore, in the case where two directions
vertical to an optical axis are defined as an x-direction
and a y-direction, by placing a beam shaping element 2
that enlarges, for example, only an x-direction between
the blue laser light source 1 and the beam splitter 4, a
far-field pattern of the blue light beam 61 can be approx-
imated to an intensity distribution close to a point-sym-
metrical system with respect to an optical axis, and a light
use efficiency can be enhanced. The beam shaping el-
ement 2 can be configured by using a double-sided cy-
lindrical lens.
[0142] By further placing the 3-beam grating (diffrac-
tion element) 22 between the red laser light source 20
and the beam splitter 16, a tracking error signal of the
second optical disk 10 can be detected by a well-known
differential push-pull (DPP) method.
[0143] Furthermore, it also is effective to change the
parallel degree of a light beam by moving the collimator
lens 8 in an optical axis direction (right-left direction in
FIG. 1). If there is a thickness error of a base, and a base
thickness ascribed to an interlayer thickness in the case
where the first optical disk 9 is a two-layer disk, spherical
aberration occurs. However, by moving the collimator
lens 8 in an optical axis direction, spherical aberration
can be corrected. Thus, the spherical aberration can be
corrected by about several 100 mλ when a numerical
aperture NA of light condensed onto the first optical disk
9 is 0.85, by moving the collimator lens 8, whereby a
base thickness of �30 Pm can be corrected.
[0144] However, when information is recorded/repro-
duced with respect to a DVD using the objective lens 14
corresponding to a base thickness of 0.1 mm, it is re-
quired to compensate for a difference in base thickness
of 0.5 mm or more. In this case, the correction of spherical
aberration only with the movement of the collimator lens
8 is insufficient, so that a wavefront needs to be converted
by the hologram (131 for example). The following also is
possible: in the case where information is recorded/re-
produced with respect to the second optical disk 10 using
the red light beam 62, the collimator lens 8 is moved to
the left side of FIG. 1, i.e., the side close to the red laser
light source 20. Because of this, the red light beam 62
directed to the objective lens 14 is converted to dispersed
light, and a spot condensed onto the second optical disk
10 is placed away from the objective lens 14. In addition,
a part of aberration caused by a base thickness is cor-
rected to reduce an aberration correction amount re-
quired for the hologram 13. Accordingly, a hologram pitch
is enlarged to facilitate the production of the hologram 13.

[0145] Furthermore, the beam splitter 4 is configured
so as to transmit a part (e.g., about 10%) of linearly po-
larized light emitted from the blue laser light source 1,
and the transmitted light beam is guided to a photode-
tector 7 by a condensing lens 6. Accordingly, a change
in the amount of light emitted from the blue laser light
source 1 is monitored by using a signal obtained from
the photodetector 7, and the change in light amount is
fed back, whereby the amount of light emitted from the
blue laser light source 1 can be controlled to be constant.
[0146] Furthermore, the beam splitter 4 is configured
so as to reflect a part (e.g., about 10%) of linearly polar-
ized light emitted from the red laser light source 20, and
the reflected light beam is guided to the photodetector 7
by the condensing lens 6. Accordingly, a change in the
amount of light emitted from the red laser light source 20
is monitored by using a signal obtained from the photo-
detector 7, and the change in light amount is fed back,
whereby the amount of light emitted from the red laser
light source 20 can be controlled to be constant.
[0147] Furthermore, as shown in FIG. 2, in order to set
a numerical aperture (NA), when the blue light beam 61
is condensed onto the first optical disk 9, to be a desired
value (about 0.85), it is effective to provide an opening
limitation member 341. Particularly, in the case where
the objective lens 141 and the hologram 131 are fixed
integrally using the support 34, and they are moved by
the driving unit 15 (FIG. 1), if the shape of the support 34
is formed, for example, as shown in FIG. 2, so that the
opening limitation member 341 is formed integrally, the
number of parts can be reduced.
[0148] Furthermore, in FIG. 2, by cutting a portion of
the objective lens 14 (141 for example), which is on a
side close to the second optical disk 10 and through which
the blue light beam 61 does not pass due to the distance
from an optical axis (forming a cut-away portion 1411),
or by forming the objective lens 14 so as not to include
a member in part, when information is recorded/repro-
duced with respect to an optical disk in a cartridge, the
objective lens 14 can be prevented from coming into con-
tact with the cartridge.

Embodiment

[0149] Next, the Embodiment of the present invention
will be described. The overall configuration of an optical
head according to the present embodiment is the same
as that shown in FIG. 1 referred to in the description of
Embodiment 1. In the present embodiment, the configu-
ration of the hologram 13 and the objective lens 14 shown
in FIG. 1 is different from that of Example 1.
[0150] FIG. 5 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1. In FIG. 5, reference numeral 132 denotes a hologram.
The hologram 132 diffracts the blue light beam 61 with
a wavelength λ1 to effect a convex lens action, and dif-
fracts the red light beam 62 with a wavelength λ2 to effect
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a concave lens action, as described later. Herein, the
diffraction of the lowest order that effects a convex lens
action is defined as +1st-order diffraction. Then, the red
light beam 62 is subjected to a concave lens action by
-1st-order diffraction that is conjugate to +1st-order dif-
fracted light, i.e., that has a diffraction direction at each
point on the hologram 132 opposite to that of +1st-order
diffracted light.
[0151] An objective lens 142 is designed in such a
manner that after the blue light beam 61 with a wave-
length λ1 is diffracted by the hologram 132 and subjected
to a convex lens action, the objective lens 142 converges
the blue light beam 61 so as to condense it onto an in-
formation recording surface 91 through a base of the first
optical disk 9 with a thickness of about 0.1 mm.
[0152] Next, the function of the hologram 132 when
information is recorded/reproduced with respect to the
second optical disk 10 using the red light beam 62 will
be described. The hologram 132 diffracts the red light
beam 62 with a wavelength λ2 as -1st-order diffracted
light to effect a concave lens action. The objective lens
142 condenses the red light beam 62 onto the information
recording surface 101 through a base of the second op-
tical disk 10 with a thickness of about 0.6 mm. Herein, in
the second optical disk 10, the base thickness is large
(i.e., 0.6 mm) from the light incident surface to the infor-
mation recording surface 101. Therefore, it is required to
set a focal point position farther away from the objective
lens 142, compared with the focal point position in the
case where information is recorded/reproduced with re-
spect to the first optical disk 9 with a base thickness of
0.1 mm. As shown in FIG. 5, the blue light beam 61 is
converted to converged light and the red light beam 62
is converted to dispersed light by wavefront conversion,
whereby the focal point position is corrected and spher-
ical aberration caused by the difference in base thickness
is corrected.
[0153] The blue light beam 61 with a wavelength λ1
and the red light beam 62 with a wavelength λ2 are sub-
jected to wavefront conversion by the hologram 132.
Thus, when there is an error in the relative position of the
hologram 132 and the objective lens 142, the wavefront
as designed is not incident upon the objective lens 142,
and aberration occurs on the wavefront incident upon the
first optical disk 9 and the second optical disk 10, resulting
in degraded condensing characteristics. Desirably, the
hologram 132 and the objective lens 142 are integrally
fixed, whereby they are moved integrally by the common
driving unit 15 (FIG. 1) for focal point control and tracking
control.
[0154] FIG. 6A is a plan view showing a configuration
of the hologram 132, and FIG. 6B is a cross-sectional
view similar to FIG. 5, showing a configuration of the holo-
gram 132. The hologram 132 has different configurations
between an inner side (inner circumferential portion
132C) and an outer side (outer peripheral portion 132B
between an inner/outer peripheral boundary 132A and
an effective range 132D) of the inner/outer peripheral

boundary 132A The inner circumferential portion 132C
is a region including a crossing point (i.e., the center)
between the hologram 132 and the optical axis. This re-
gion also is used for recording/reproducing information
with respect to the second optical disk 10 using the red
light beam 62 and for recording/reproducing information
with respect to the first optical disk 9 using the blue light
beam 61. Thus, a diffraction grating in the inner circum-
ferential portion 132C and a portion of the objective lens
142 through which the red light beam 62 diffracted from
the diffraction grating passes are designed so that +1st-
order diffracted light of the blue light beam 61 is con-
densed onto the first optical disk 9, and -1st-order dif-
fracted light of the red light beam 62 is condensed onto
the second optical disk 10.
[0155] Regarding the outer peripheral portion 132B, it
is required that a numerical aperture NAb when informa-
tion is recorded/reproduced with respect to the first opti-
cal disk 9 with the blue light beam 61 is larger than a
numerical aperture NAr when information is recorded/
reproduced with respect to the second optical disk 10
with the red light beam 62 (NAb > NAr). Therefore, it is
required to provide the outer peripheral portion 132B and
an outer peripheral portion of the objective lens 142 cor-
responding thereto, so as to condense only +1st-order
diffracted light of the blue light beam 61 onto the first
optical disk 9 and allow -1st-order diffracted light of the
red light beam 62 to have aberration with respect to the
second optical disk 10, around the inner circumferential
portion that condenses the blue light beam 61 and the
red light beam 62 onto the respectively corresponding
first optical disk 9 and second optical disk 10. More spe-
cifically, although not shown, it is desirable to design the
objective lens 142 differently between the inner and outer
peripheries, in the same way as in the hologram 132.
Because of this, an optimum NA, i.e., the condition of
NAb > NAr can be realized.
[0156] FIG. 7A is a cross-sectional view showing a
physical level difference in one period (p2) of a grating
formed in the hologram 132. FIG. 7B shows a phase mod-
ulation amount with respect to the blue light beam 61
(wavelength λ1) corresponding to FIG. 7A. FIG. 7C
shows a phase modulation amount with respect to the
red light beam 62 (wavelength λ2) corresponding to FIG.
7A.
[0157] In FIG. 7A, a vertical direction represents a level
difference. A "nb" represents a refractive index of a holo-
gram material with respect to the blue light beam 61.
Assuming that the hologram material is, for example,
BK7, "nb" is 1.5302. It is assumed that one unit of the
level difference corresponds to an amount at which a
difference in optical path length is about 1.25 wave-
lengths (i.e., phase difference is about 2π + π/2) with
respect to the blue light beam. Then, the unit level differ-
ence d2 is 1.25 � λ1/(nb - 1) = 0.955 Pm.
[0158] When the level difference of a grating is set to
be an integral multiple of the unit level difference d2 to
obtain a stepped cross-sectional shape in which the ratio

23 24 



EP 1 788 564 B9

14

5

10

15

20

25

30

35

40

45

50

55

of four step widths is 1 : 1 : 1 : 1, the phase modulation
amount with respect to the blue light beam 61 in this
shape becomes an integral multiple of 2π + π/2, which
substantially corresponds to the phase modulation
amount of π/2 per step.
[0159] On the other hand, assuming that the refractive
index of a hologram material with respect to the red light
beam 62 is "nr", in the case where the hologram material
is BK7, "nr" is 1.5142. Therefore, the difference in optical
path length occurring in the red light beam 62 due to the
unit level difference d2 is d2 � (nr - 1)/λ2 = 0.744, i.e.,
about 3/4 times the wavelength λ2, and the phase mod-
ulation amount becomes about -π/2 per step.
[0160] A stepped cross-sectional shape of 4 steps is
assumed in which the level difference of a grating is an
integral multiple of the unit level difference d2, as shown
in FIG. 7A. When a level difference is continued to be
overlaid, as shown in FIG. 7B, the phase modulation
amount is changed by π/2 per step, i.e., the difference in
optical path length is changed by +0.25 times λ1 with
respect to the blue light beam 61. When the physical
shape of the level difference is formed as shown in FIG.
7A, in the blue light beam 61, the diffraction efficiency of
+1st-order diffracted light being subjected to a convex
lens action is calculated to be about 80% (Scalar calcu-
lation), which is strongest among the diffraction orders.
[0161] When a level difference is continued to be over-
laid, as shown in FIG. 7C, the phase modulation amount
is changed by -π/2 per step, i.e., the difference in optical
path length is changed by -0.25 times λ2 with respect to
the red light beam 62. When the physical shape of the
level difference is formed as shown in FIG. 7A, in the red
light beam 62, the diffraction efficiency of -1st-order dif-
fracted light being subjected to a concave lens action is
calculated to be about 80% (Scalar calculation), which
is strongest among the diffraction orders.
[0162] As described in the present embodiment, be-
cause of the hologram configuration having a stepped
cross-sectional shape that causes the difference in opti-
cal path length that is 1.25 times the wavelength per step,
the compatible recording and reproducing of information
with respect to different kinds of disks can be realized,
which use +1st-order diffracted light and -1st-order dif-
fracted light respectively having a diffraction efficiency of
50% or more. None of the above-mentioned conventional
examples disclose such compatible recording and repro-
ducing.
[0163] In the present embodiment, because of the
above-mentioned novel configuration, the diffraction or-
der of the blue light beam 61 and the red light beam 62
become +1st-order diffracted light and -1st-order diffract-
ed light, respectively, and the difference in order be-
comes 2. Therefore, a minimum pitch of a hologram re-
quired for exhibiting the same aberration correction effect
and the movement effect of a focal point position can be
made larger than that of example 1, and a hologram can
be produced easily. Furthermore, the amount of diffract-
ed light as calculated can be obtained easily.

[0164] Furthermore, the hologram 132 has a convex
lens action with respect to the blue light beam 61. The
chromatic dispersion by the diffraction action is in an op-
posite direction to that of the refraction action. Therefore,
when the hologram 132 is combined with the objective
lens 142 that is a refraction type convex lens, chromatic
aberration with respect to a wavelength change within
several nm, in particular, wavelength dependency of a
focal length can be cancelled.
[0165] Furthermore, the overall configuration of the op-
tical head can be combined with the configuration addi-
tionally described in example 1.

Example 3

[0166] Next, example 3 will be described. The overall
configuration of an optical head according to the present
example is the same as that shown in FIG. 1 referred to
in the description of example 1. In the present example,
the configuration of the hologram 13 shown in FIG. 1 is
different from those of example 1 and the embodiment.
[0167] FIGS. 8A and 8B are a plan view and a cross-
sectional view showing a specific example of the holo-
gram 13 shown in FIG. 1, respectively. In FIGS. 8A and
8B, reference numeral 133 denotes a hologram. An inner
circumferential portion 133C of the hologram 133 is the
same as the inner circumferential portion 132C of the
hologram 132 illustrated and described in the Embodi-
ment. Furthermore, a grating pitch of an outer peripheral
portion 133B also is the same as that of the outer periph-
eral portion 132B of the hologram 132 illustrated and de-
scribed in the Embodiment. However, as shown in FIG.
8B, the cross-sectional shape of a grating formed in the
outer peripheral portion 133B is different from that in the
outer peripheral portion 132B.
[0168] FIG. 9A is a cross-sectional view showing a
physical level difference in one period (p3) of a grating
formed in the outer peripheral portion 133B of the holo-
gram 133. FIG. 9B shows a phase modulation amount
with respect to the blue light beam 61 (wavelength λ1)
corresponding to FIG. 9A. FIG. 9C shows a phase mod-
ulation amount with respect to the red light beam 62
(wavelength λ2) corresponding to FIG. 9A.
[0169] In FIG. 9A, a vertical direction represents a level
difference. A "nb" represents a refractive index of a holo-
gram material with respect to the blue light beam 61.
Assuming that the hologram material is, for example,
BK7, "nb" is 1.5302.
[0170] It is assumed that one unit of the level difference
corresponds to an amount at which a difference in optical
path length is about 0.25 wavelengths (i.e., phase differ-
ence is about π/2) with respect to the blue light beam.
Then, the unit level difference d3 is 0.25 � λ1/(nb - 1) =
0.191 Pm.
[0171] On the other hand, assuming that the refractive
index of a hologram material with respect to the red light
beam 62 is "nr", in the case where the hologram material
is BK7, "nr" is 1.5142. Therefore, the difference in optical
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path length occurring in the red light beam 62 due to the
unit level difference d3 is d3 � (nr - 1)/λ2 = 0.149, i.e.,
about 0.15 times the wavelength λ2, and the phase mod-
ulation amount becomes about 0.3π per step.
[0172] The level difference of a grating is set to be an
integral multiple of the unit level difference d3 to obtain
a stepped cross-sectional shape in which the ratio of four
step widths is about 1 : 1: 1 : 1, as shown in FIG. 9A.
When a level difference is continued to be overlaid, as
shown in FIG. 9B, the phase modulation amount is
changed by π/2 per step, i.e., the difference in optical
path length is changed by +0.25 times λ1 with respect to
the blue light beam 61. When the physical shape of the
level difference is formed as shown in FIG. 9A, in the
blue light beam 61, the diffraction efficiency of +1st-order
diffracted light being subjected to a convex lens action
is calculated to be about 80% (Scalar calculation), which
is strongest among the diffraction orders.
[0173] When a level difference is continued to be over-
laid, as shown in FIG. 9C, the phase modulation amount
is changed by -0.3π per step, i.e., the difference in optical
path length is changed by 0.15 times λ2 with respect to
the red light beam 62. When the physical shape of the
level difference is formed as shown in FIG. 9A, in the red
light beam 62, the diffraction efficiency of +1st-order dif-
fracted light being subjected to a convex lens action is
calculated to be about 50% (Scalar calculation), which
is strongest among the diffraction orders. This is the same
order as that of the blue light beam 61. Therefore, the
red light beam 62 undergoes large aberration with re-
spect to the second optical disk 10, and is not condensed
thereon. Furthermore, in the red light beam 62, the dif-
fraction efficiency of -1st-order diffracted light being sub-
jected to a concave lens action is sufficiently weak (i.e.,
10% or less). Thus, by decreasing the numerical aperture
of the red light beam 62 with respect to the second optical
disk 10, the condition (NAb > NAr) can be realized easily,
under which the numerical aperture NAb when informa-
tion is recorded/reproduced with respect to the first opti-
cal disk 9 with the blue light beam 61 is larger than the
numerical aperture NAr when information is recorded/
reproduced with respect to the second optical disk 10
with the red light beam 62.
[0174] As described above, in the present example, a
hologram has a configuration in which only the outer pe-
ripheral portion 133B has a stepped cross-sectional
shape causing a difference in optical path that is 0.25
times the wavelength per step. The inner circumferential
portion 133C uses conjugate light. None of the above-
mentioned conventional examples disclose such com-
patible recording and reproducing of information with re-
spect to different kinds of disks.
[0175] In the present example, because of the above-
mentioned novel configuration, in addition to the advan-
tage described in the Embodiment , the height of a grating
in the outer peripheral portion 133B, in which a grating
pitch of the hologram 133 is relatively narrow, can be
lowered. Therefore, the hologram 133 can be produced

easily. Furthermore, by decreasing the numerical aper-
ture of the red light beam 62 with respect to the second
optical disk 10, the condition (NAb > NAr) can be realized
easily, under which the numerical aperture NAb when
information is recorded/reproduced with respect to the
first optical disk 9 with the blue light beam 61 is larger
than the numerical aperture NAr when information is re-
corded/reproduced with respect to the second optical
disk 10 with the red light beam 62.
[0176] Furthermore, the overall configuration of the op-
tical head can be combined with the configuration addi-
tionally described in example 1.

Example 4

[0177] Next, example 4 will be described. The overall
configuration of an optical head according to the present
example is the same as that shown in FIG. 1 referred to
in the description of example 1. In the present example,
the configuration of the hologram 13 and the objective
lens 14 shown in FIG. 1 is different from those of exam-
ples 1, 3, and the embodiment.
[0178] FIG. 10 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1. In FIG. 10, reference numeral 134 denotes a hologram.
The hologram 134 diffracts the blue light beam 61 with
a wavelength λ1 to effect a convex lens action, and dif-
fracts the red light beam 62 with a wavelength λ2 to effect
a convex lens action weaker than that with respect to the
blue light beam 61, as described later. Herein, the lowest
order diffraction that effects a convex lens action is de-
fined as 1st-order diffraction. In the present example, the
hologram 134 is designed so that +2nd-order diffraction
is effected most strongly with respect to the blue light
beam 61. Because of this, +1st-order diffraction is effect-
ed most strongly with respect to the red light beam 62.
Consequently, irrespective of whether the red light beam
62 has a wavelength longer than that of the blue light
beam 61, a diffraction angle at each point on the holo-
gram 134 becomes small. More specifically, the convex
lens action of the hologram 134 when the hologram 134
diffracts the blue light beam 61 with a wavelength λ1
becomes stronger than that with respect to the red light
beam 62 with a wavelength λ2. In other words, although
the red light beam 62 is subjected to a convex lens action
by the hologram 134, the red light beam 62 is relatively
subjected to a concave lens action by diffraction, with
reference to the action with respect to the blue light beam
61.
[0179] The objective lens 144 is designed as follows:
after the hologram 134 subjects the blue light beam 61
with a wavelength λ1 to +2nd-order diffraction to effect
a convex lens action, the objective lens 144 further con-
verges the blue light beam 61 to condense it onto the
information recording surface 91 through a 0.1 mm thick
base of the first optical disk 9.
[0180] Next, the function of the hologram 134 when
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information is recorded/reproduced with respect to the
second optical disk 10 with the red light beam 62 will be
described in detail. The hologram 134 subjects the red
light beam 62 with a wavelength λ2 to +1st-order diffrac-
tion to effect a convex lens action. The objective lens 144
condenses the red light beam 62 onto the information
recording surface 101 through a 0.6 mm thick base of
the second optical disk 10. Herein, in the second optical
disk 10, the base thickness is large (i.e., 0.6 mm) from
the light incident surface to the information recording sur-
face 101. Therefore, it is required to set a focal point
position farther away from the objective lens 144, com-
pared with the focal point position in the case where in-
formation is recorded/reproduced with respect to the first
optical disk 9 with a base thickness of 0.1 mm. As shown
in FIG. 10, the blue light beam 61 is converted to con-
verged light by wavefront conversion, and the conversion
degree of the red light beam 62 is set to be lower than
that of the blue light beam 61, whereby the focal point
position is corrected and spherical aberration caused by
the difference in base thickness is corrected.
[0181] The blue light beam 61 with a wavelength λ1
and the red light beam 62 with a wavelength λ2 are sub-
jected to wavefront conversion by the hologram 134.
Thus, when there is an error in the relative position of the
hologram 134 and the objective lens 144, the wavefront
as designed is not incident upon the objective lens 144,
and aberration occurs on the wavefront incident upon the
first optical disk 9 and the second optical disk 10, resulting
in degraded condensing characteristics. Desirably, the
hologram 134 and the objective lens 144 are integrally
fixed, whereby they are moved integrally by the common
driving unit 15 (FIG. 1) for focal point control and tracking
control. FIG. 11A is a plan view showing a configuration
of the hologram 134, and FIG. 11B is a cross-sectional
view similar to FIG. 10, showing a configuration of the
hologram 134. The hologram 134 has different configu-
rations between an inner side (inner circumferential por-
tion 134C) and an outer side (outer peripheral portion
134B between an inner/outer peripheral boundary 134A
and an effective range 134D) of the inner/outer peripheral
boundary 134A. The inner circumferential portion 134C
is a region including a crossing point (i.e., the center)
between the hologram 134 and the optical axis. This re-
gion also is used for recording/reproducing information
with respect to the second optical disk 10 using the red
light beam 62 and for recording/reproducing information
with respect to the first optical disk 9 using the blue light
beam 61. Thus, a diffraction grating in the inner circum-
ferential portion 134C and a portion of the objective lens
144 through which the red light beam 62 diffracted from
the diffraction grating passes are designed so that +2nd-
order diffracted light of the blue light beam 61 is con-
densed onto the first optical disk 9, and +1st-order dif-
fracted light of the red light beam 62 is condensed onto
the second optical disk 10.
[0182] Regarding the outer peripheral portion 134B, it
is required that a numerical aperture NAb when informa-

tion is recorded/reproduced with respect to the first opti-
cal disk 9 with the blue light beam 61 is larger than a
numerical aperture NAr when information is recorded/
reproduced with respect to the second optical disk 10
with the red light beam 62 (NAb > NAr). Therefore, it is
required to provide the outer peripheral portion 132B and
an outer peripheral portion of the objective lens 144 cor-
responding thereto, so as to condense only +2nd-order
diffracted light of the blue light beam 61 onto the first
optical disk 9 and allow +1st-order diffracted light of the
red light beam 62 to have aberration with respect to the
second optical disk 10, around the inner circumferential
portion that condenses the blue light beam 61 and the
red light beam 62 onto the respectively corresponding
first optical disk 9 and second optical disk 10. More spe-
cifically, although not shown, it is desirable to design the
objective lens 144 differently between the inner and outer
peripheries, in the same way as in the hologram 134.
Because of this, an optimum NA, i.e., the condition of
NAb > NAr can be realized.
[0183] FIG. 12A is a cross-sectional view showing a
physical shape in one period (p4) of a grating formed in
the hologram 134. FIG. 12B shows a phase modulation
amount with respect to the blue light beam 61 (wave-
length λ1) corresponding to FIG. 12A. FIG. 12C shows
a phase modulation amount with respect to the red light
beam 62 (wavelength λ2) corresponding to FIG. 12A.
[0184] In FIG. 12A, the physical cross-sectional shape
in one period (p4) of the grating has a sawtooth cross-
sectional shape. Herein, in order to represent the direc-
tion of a slope in the sawtooth cross-sectional shape, the
cross-sectional shape in FIG. 12A is expressed as a
cross-sectional shape with a base having a slope on the
left side. In accordance with this designation, the cross-
sectional shape of the hologram 134 shown in FIG. 11B
is expressed as a sawtooth cross-sectional shape (or
simply a sawtooth shape) with a base having a slope on
an outer peripheral side.
[0185] In FIG. 12A, the vertical direction represents
the depth of a grating having a sawtooth cross-sectional
shape. A "nb" represents a refractive index of a hologram
material with respect to the blue light beam 61. Assuming
that the hologram material is, for example, BK7, "nb" is
1.5302.
[0186] It is assumed that a depth "h1" of the sawtooth
grating corresponds to an amount at which a difference
in optical path length is about 2 wavelengths (i.e., phase
difference is about 4π) with respect to the blue light beam
61. Then, h1 = 2 � λ1/(nb - 1) = 1.53 Pm.
[0187] The phase modulation amount with respect to
the blue light beam 61 in the above-mentioned shape is
changed by 4π (= 2 � 2π) in one period of the grating.
Therefore, the intensity of +2nd-order diffracted light is
maximized with respect to the blue light beam 61, and
the diffraction efficiency based on the Scalar calculation
becomes 100%.
[0188] On the other hand, assuming that the refractive
index of a hologram material with respect to the red light
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beam 62 is "nr", in the case where the hologram material
is BK7, "nr" is 1.5142. Therefore, the difference in optical
path length occurring in the red light beam 62 due to the
depth "h1" is h1 � (nr - 1)/λ2 = 1.19, i.e., about 1.2 times
the wavelength λ2, and the phase modulation amount
becomes about 2.4π. Thus, the intensity of +1st-order
diffracted light becomes highest with respect to the red
light beam 62, and the diffraction efficiency based on the
Scalar calculation becomes about 80%.
[0189] It is assumed that the shape of a grating in one
period is a sawtooth cross-sectional shape with a depth
"h1", as shown in FIG. 12A Since +2nd-order diffraction
is strongest with respect to the blue light beam 61, as
described above, the grating period determining a dif-
fraction angle is substantially p4/2, and a phase change
becomes as shown in FIG. 12B. With respect to the red
light beam 62, +1st-order diffraction is strongest, so that
the grating period determining a diffraction angle is sub-
stantially p4.
[0190] As described above, in the present example,
compatible recording and reproducing of information with
respect to different kinds of disks is realized with +1st-
order diffracted light of the red light beam 62, using a
hologram having a sawtooth cross-sectional shape with
a depth causing the difference in optical path length that
is twice the wavelength λ1 and effects +2nd-order dif-
fraction with respect to the blue light beam 61. None of
the above-mentioned conventional examples disclose
this concept.
[0191] In the present example, because of the above-
mentioned novel configuration, the hologram 134 has a
convex lens action with respect to both the blue light
beam 61 and the red light beam 62. The chromatic dis-
persion by the diffraction action is in an opposite direction
to that of the refraction action. Therefore, when the holo-
gram 134 is combined with the objective lens 144 that is
a refraction type convex lens, chromatic aberration with
respect to a wavelength change within several nm, in
particular, wavelength dependency of a focal length can
be cancelled.
[0192] Thus, according to the present example, there
is a remarkable effect that three objects: compatibility
among different kinds of disks, correction of chromatic
aberration, and correction of a focal point position can
be achieved with only the hologram 134.

Example 5

[0193] Next, example 5 will be described. In the
present example, only a cross-sectional shape of a grat-
ing formed in the inner circumferential portion 134C of
the hologram 134 of example 4 is changed.
[0194] FIG. 13A is a cross-sectional view showing a
sawtooth shape in one period (p4) of a grating formed in
the inner circumferential portion 134C of the hologram
134 according to the present example. FIG. 13B shows
a phase modulation amount with respect to the blue light
beam 61 (wavelength λ1) corresponding to FIG. 13A.

FIG. 13C shows a phase modulation amount with respect
to the red light beam 62 (wavelength λ2) corresponding
to FIG. 13A.
[0195] In FIG. 13A, a vertical direction represents the
depth of the sawtooth grating. In the present example,
unlike example 4, the depth is determined based on the
red light beam 62. A "nr" represents a refractive index of
a hologram material with respect to the red light beam
62. Assuming that the hologram material is, for example,
BK7, "nr" is 1.5142.
[0196] It is assumed that a depth "h2" of the sawtooth
grating corresponds to an amount at which a difference
in optical path length is about one wavelength (i.e., phase
difference is about 2π) with respect to the red light beam
62. Then, h2 = λ2/(nr - 1) = 1.28 Pm.
[0197] On the other hand, assuming that the refractive
index of a hologram material with respect to the blue light
beam 61 is "nb", in the case where the hologram material
is BK7, "nb" is 1.5302. Therefore, the difference in optical
path length occurring in the blue light beam 61 due to the
depth "h2" of the sawtooth grating is h2 � (nb - 1)/λ1 =
1.68, i.e., about 1.7 times the wavelength λ1, and the
phase modulation amount becomes about 3.35π. Thus,
the intensity of +2nd-order diffracted light becomes high-
est with respect to the blue light beam 61, and the dif-
fraction efficiency based on the Scalar calculation be-
comes about 80%.
[0198] It is assumed that the shape of a grating in one
period is a sawtooth cross-sectional shape with a depth
"h2", as shown in FIG. 13A. Since +2nd-order diffraction
is strongest with respect to the blue light beam 61, as
described above, the grating period determining a dif-
fraction angle is substantially p4/2, and a phase change
becomes as shown in FIG. 13B. The phase modulation
amount per period p4 of the shape shown in FIG. 13A is
about 3.35π. Therefore, as shown in FIG. 13B, consid-
ering the difference in optical path length for substantially
one period p4/2, the phase modulation amount is 0.83
times the wavelength λ1 to be about 1.7π. The intensity
of +1st-order diffracted light is maximized with respect to
the red light beam 62, and the diffraction efficiency based
on the Scalar calculation is 100%. Thus, a light use effi-
ciency can be enhanced.
[0199] Furthermore, the diffraction efficiency of +2nd-
order diffracted light of the blue light beam 61 is de-
creased to about 80%; however, when the light amount
at the central portion is decreased, the light amount in
the outer peripheral portion is increased relatively. The
intensity of a far-field pattern of a semiconductor laser
light source is decreased toward the outer peripheral por-
tion, and only a part thereof can be used. When the light
amount in the inner circumferential portion is decreased,
a larger range of the far-field pattern can be used; as a
result, a light use efficiency can be enhanced. This can
be realized by shortening the focal length of the collimator
lens 8. Because of this, a decrease in a light amount in
the inner circumferential portion can be compensated.
[0200] Thus, according to the present example, as de-
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scribed with reference to FIG. 13A, by forming the inner
circumferential portion of the hologram 134 as a sawtooth
grating with a depth "h2", the intensity of diffraction light
of the red light beam 62 can be maximized. At this time,
a light use efficiency with respect to a condensed spot
of the blue light beam 61 is not decreased.
[0201] In the present example, the hologram 134 also
has a convex lens action with respect to both of the blue
light beam 61 and the red light beam 62. The chromatic
dispersion by the diffraction action is in an opposite di-
rection to that of the refraction action. Therefore, when
the hologram 134 is combined with the objective lens 144
that is a refraction type convex lens, chromatic aberration
with respect to a wavelength change within several nm,
in particular wavelength dependency of a focal length,
can be cancelled.
[0202] Thus, according to the present example, there
is a remarkable effect that three objects: compatibility
among different kinds of disks, correction of chromatic
aberration, and correction of a focal point position can
be achieved only with the hologram 134.
[0203] Furthermore, a lens with a high NA is likely to
be difficult to produce. However, by allowing the holo-
gram 134 to have a convex lens action, the difficulty in
producing the refraction type objective lens 144 to be
combined can be reduced.
[0204] Furthermore, the overall configuration of the op-
tical head can be combined with the additionally de-
scribed configuration in example 1.

Example 6

[0205] Next, example 6 will be described. The overall
configuration of an optical head according to the present
example is the same as that shown in FIG. 1 referred to
in the description of example 1. In the present example,
the configuration of the hologram 13 shown in FIG. 1 is
different from those of examples 1, 3 to 5 and of the em-
bodiment.
[0206] FIG. 14 is a cross-sectional view showing a spe-
cific example of a complex objective lens composed of
the hologram 13 and the objective lens 14 shown in FIG.
1. FIG. 15A is a plan view showing a configuration of the
hologram 135, and FIG. 15B is a cross-sectional view
similar to FIG. 14, showing a configuration of the holo-
gram 135.
[0207] In FIGS. 14, 15A, and 15B, reference numeral
135 denotes a hologram. In FIG. 15A, an inner circum-
ferential portion 135C of the hologram 135 has, for ex-
ample, the same configuration as that of the inner cir-
cumferential portion 134C of the hologram 134 according
to Embodiment 4 or 5. Herein, the inner circumferential
portion 135C of the hologram 135 may have any config-
uration shown in Embodiments 1 to 5. However, when
the inner circumferential portion 135C has the same con-
figuration as that of the inner circumferential portion 134C
of the hologram 134, there is an advantage that the holo-
gram 135 can be produced more easily because of the

similarity of a sawtooth shape.
[0208] FIG. 16A is a cross-sectional view showing a
physical sawtooth shape in one period (p7) of a grating
formed in the outer peripheral portion 135B of the holo-
gram 135 according to the present example. FIG. 16B
shows a phase modulation amount with respect to the
blue light beam 61 (wavelength λ1) corresponding to FIG.
16A. FIG. 16C shows a phase modulation amount with
respect to the red light beam 62 (wavelength λ2) corre-
sponding to FIG. 16A.
[0209] In FIG. 16A, a vertical direction represents the
depth of the sawtooth shape. A "nb" represents a refrac-
tive index of a hologram material with respect to the blue
light beam 61. Assuming that the hologram material is,
for example, BK7, "nb" is 1.5302.
[0210] It is assumed that a depth "h3" of the sawtooth
shape corresponds to an amount at which a difference
in optical path length is about one wavelength (FIG. 16B),
i.e., the phase difference is about 2π with respect to the
blue light beam 61. Then, h3 = λ1/(nb - 1) = 0.764 Pm.
[0211] On the other hand, assuming that the refractive
index of a hologram material with respect to the red light
beam 62 is "nr", in the case where the hologram material
is BK7, "nr" is 1.5142. Therefore, the difference in optical
path length occurring in the red light beam 62 due to the
depth "h3" of the sawtooth grating is h3 � (nr - 1)/λ2 =
0.593, i.e., about 0.6 times the wavelength λ2, as shown
in FIG. 16C, and the phase modulation amount becomes
about 1.2π. Thus, the intensity of +1st-order diffracted
light becomes highest at about 60% with respect to the
red light beam 62.
[0212] It is assumed that the shape of a grating in one
period is a sawtooth cross-sectional shape with a depth
"h3", as shown in FIG. 16A. Since +1st-order diffracted
light is strongest (in examples 4 and 5, +2nd-order dif-
fracted light is strongest even in the outer peripheral por-
tion, which is different from the present example) with
respect to the blue light beam 61, the grating period de-
termining a diffraction angle is substantially p7, and a
phase change becomes as shown in FIG. 16B. With re-
spect to the red light beam 62, +1st-order diffracted light
also is strongest, and the grating period determining a
diffraction angle also is substantially p7.
[0213] The outer peripheral portion 135B of the holo-
gram 135 is designed so that the blue light beam 61 is
condensed through a base with a thickness of about 0.1
mm. At this time, the red light beam 62 also is subjected
to +1st-order diffraction that is the same diffraction order
as that for the blue light beam 61, and the wavelength
λ2 of the red light beam 62 is longer than the wavelength
λ1 of the blue light beam, so that a diffraction angle be-
comes large.
[0214] A blazing direction of the outer peripheral por-
tion 135B of the hologram 135 is designed so as to have
a convex lens action, in the same way as in the inner
circumferential portion 135C. At this time, since the dif-
fraction angle is larger in the red light beam 62 than in
the blue light beam 61, the red light beam 62 is subjected
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to a strong convex lens action in the outer peripheral
portion 135B of the hologram 135. This is completely
different from, for example, the case where the red light
beam 62 is subjected to a convex lens action weaker
than that for the blue light beam 61 in the inner circum-
ferential portion 134C of the hologram 134 according to
example 4 or 5, or the case where the red light beam 62
is subjected to a concave lens action in the inner circum-
ferential portion 131C of the hologram 131 according to
example 1. Therefore, the red light beam 62 diffracted in
the outer peripheral portion 135B is not condensed at the
same place as that of the red light beam 62 passing
through the inner circumferential portion 135C.
[0215] Thus, a numerical aperture NAb when informa-
tion is recorded/reproduced with respect to the first opti-
cal disk 9 with the blue light beam 61 can be made larger
than a numerical aperture NAr when information is re-
corded/reproduced with respect to the second optical
disk 10 with the red light beam 62 (NAb> NAr).
[0216] Furthermore, the overall configuration of the op-
tical head can be combined with the configuration addi-
tionally described in example 1.

Example 7

[0217] Next, example 7 will be described. The overall
configuration of an optical head according to the present
example is the same as that shown in FIG. 1 referred to
in the description of example 1. In the present example,
the configuration of the hologram 13 shown in FIG. 1 is
different from those of examples 1, 3 to 6 and the em-
bodiment.
[0218] In the present example, as an intermediate ex-
ample between examples 4 and 5 described above, a
depth "h4" of a sawtooth grating in an inner circumferen-
tial portion of a hologram is set so as to satisfy h2 < h4
< h1.
[0219] FIG. 17 is a graph showing a relationship be-
tween the depth "h4" of the sawtooth grating formed in
the inner circumferential portion 136C of the hologram
136 and the diffraction efficiency in the present example.
In FIG. 17, the horizontal axis represents how many times
the difference in optical path length of the blue light beam
61 determined by the depth "h4" of the sawtooth grating
becomes with respect to the wavelength λ1. The vertical
axis represents a calculated value of the diffraction effi-
ciency.
[0220] Setting the depth "h4" of the sawtooth grating
so as to satisfy h2 < h4 < h1 means selecting a value in
a range that the horizontal axis (difference in optical path
length/λ1) is larger than 1.7 and smaller than 2. In par-
ticular, (difference in optical path length/λ1) is selected
to be 1.88 (about 1.9) so that the diffraction efficiency
(represented by a broken line) of +1st-order diffracted
light of the red light beam 62 is substantially equal to the
diffraction efficiency (represented by a solid line) of +2nd-
order diffracted light of the blue light beam 61. More spe-
cifically the depth "h4" of the sawtooth grating is selected

so as to satisfy h4 � (nb - 1)/λ1= 1.88. Because of this,
in terms of calculation, about 95% diffraction efficiency
is obtained with respect to both +1st-order diffracted light
of the red light beam 62 and +2nd-order diffracted light
of the blue light beam 61. In both of the beams, the loss
of a light amount can be minimized.
[0221] Assuming that λ1 is 405 nm and the hologram
material is BK7, "h4" satisfying the above condition be-
comes about 1.44 Pm.

Example 8

[0222] Next, example 8 will be described. The overall
configuration of an optical head according to the present
example is substantially the same as that shown in FIG.
1 referred to in the description of example 1. In the present
example, the configuration of a complex objective lens
composed of the hologram 13 and the objective lens 14
shown in FIG. 1 is different from those of examples 1, 3
to 7 and of the embodiment.
[0223] FIG. 18 is a cross-sectional view showing a spe-
cific example of an objective lens in the present example.
In FIG. 18, the objective lens 147 of a refraction type in
the present example is composed of two combined lens-
es: a first lens 1471 and a second lens 1472. The two-
lens system has four refractive faces, so that its degree
of freedom is high. The two-lens system can decrease
the aberration occurring, for example, when the objective
lens 147 is tilted with respect to the blue light beam 61
and the abaxial aberration. Thus, the two combined lens-
es can enhance the aberration characteristics of the ob-
jective lens. In particular, by setting the refractive surface
outside of the first lens 1471 (on the side away from the
second lens 1472) to be an aspheric surface, the abaxial
aberration can be decreased.
[0224] Furthermore, as described in example 1, by
forming the hologram 137 on the surface of the objective
lens 147, the number of parts can be reduced. In partic-
ular, by forming the hologram 137 on the surface outside
of the first lens 1471 (on the side farthest from a con-
densed spot and the second lens 1472), the aberration
occurring when the objective lens 147 is tilted with re-
spect to both of the red light beam 62 and the blue light
beam 61 can be decreased. As the hologram 137, any
of the hologram configurations of examples 5 to 7 is used.
[0225] The above-mentioned sixth conventional ex-
ample apparently is similar to that of the present example.
However, the sixth conventional example does not dis-
close that the refractive surface outside of the first lens
1471 (on the side away from the second lens 1472) is
set to be an aspheric surface, and hence, sufficient ab-
erration characteristics cannot be obtained. In this re-
spect, the sixth conventional example is different from
the present example. Furthermore, the sixth convention-
al example also is different from the present example in
that a red light beam is converted to strong dispersed
light so as to be incident upon the hologram and the ob-
jective lens. Thus, in the sixth conventional example, a
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servo signal cannot be detected using a common photo-
detector with respect to a red light beam and a blue light
beam.

Example 9

[0226] FIG. 19 is a view showing a schematic config-
uration of an optical information apparatus according to
example 9. An optical information apparatus 67 of the
present example uses any of the optical heads of exam-
ples 1, 3 to 8 and of the embodiment.
[0227] In FIG. 19, a first optical disk 9 (or a second
optical disk 10, hereinafter, this is the same) is placed on
a turn table 82 and rotated by a motor 64. An optical head
55 is moved roughly to a track on the first optical disk 9,
at which desired information is present, by a driving de-
vice 51 of the optical head.
[0228] Furthermore, the optical head 55 sends a focus
error signal and a tracking error signal to an electric circuit
53 in accordance with the positional relationship with the
first optical disk 9. The electric circuit 53 receives the
signals and sends a signal for minutely moving an objec-
tive lens to the optical head 55. Because of this signal,
the optical head 55 reads/writes (records)/deletes infor-
mation while performing focus control and tracking con-
trol with respect to the first optical disk 9.
[0229] The optical information apparatus 67 uses any
of the optical heads of examples 1, 3 to 8 and of the
embodiment. Therefore, a plurality of optical disks having
different recording densities can be handled by a single
optical head.

Example 10

[0230] FIG. 20 is a view showing one exemplary con-
figuration of a computer according to example 10. The
computer 100 according to the present example includes
the optical information apparatus 67 according to exam-
ple 9.
[0231] In FIG. 20, the computer 100 is composed of
the optical information apparatus 67, an input apparatus
101 such as a keyboard, a mouse, or a touch panel for
inputting information, an arithmetic unit 102 such as a
central processing unit (CPU) for performing an arithme-
tic operation based on information read from the optical
information apparatus 67, and an output apparatus 103
such as a CRT display, a liquid crystal display, or a printer
for displaying information on the result obtained by the
arithmetic operation by the arithmetic unit 102. FIG. 18
illustrates the case where a keyboard is used as the input
apparatus 101, and a CRT display is used as the output
apparatus 103.

Example 11

[0232] FIG. 21 is a schematic view showing one ex-
emplary configuration of an optical disk player according
to Example 11. The optical disk player 110 according to

the present example includes the optical information ap-
paratus 67 according to example 9.
[0233] In FIG. 21, the optical disk player 110 is com-
posed of the optical information apparatus 67, a decoder
111 for converting an information signal obtained from
the optical information apparatus 67 to an image signal,
and a liquid crystal monitor 112. In the present example,
the portable optical disk player 110 in which the liquid
crystal monitor 112 is formed integrally as a display has
been illustrated and described. However, the display may
be provided separately.

Example 12

[0234] FIG. 22 is a view showing a schematic config-
uration of an automobile on which the car navigation sys-
tem according to example 12is mounted. In FIG. 22, the
car navigation system is composed of a GPS (Global
Positioning System) 161, the optical disk player 110 ac-
cording to example 11, and a display 163 for displaying
a video signal from the optical disk player 110. Herein,
the optical disk player 110 is not limited to this use, as
long as it can reproduce information such as a video, a
game, and a map from an optical disk.
[0235] In an automobile with such a car navigation sys-
tem mounted thereon, a video with a large capacity can
be reproduced with a blue light beam, and detailed map
data in a wide range can be handled. In addition, there
is a convenience that information recorded on an existing
DVD also can be used.
[0236] In the present example, an automobile has
been exemplified as a vehicle. However, the present ex-
ample is not limited to an automobile, and is applicable
to other vehicles such as a train, an airplane, and a ship.

Example 13

[0237] FIG. 23 is a schematic view showing one ex-
emplary configuration of an optical disk recorder accord-
ing to Example 13. The optical disk recorder 120 accord-
ing to the present example includes the optical informa-
tion apparatus 67 according to example 9.
[0238] In FIG. 23, the optical disk recorder 120 is com-
posed of the optical information apparatus 67, an encod-
er 121 for converting an image signal to an information
signal to be recorded on an optical disk, and a decoder
111 for converting the information signal obtained from
the optical information apparatus 67 to an image signal.
An output apparatus 103 such as a CRT display is con-
nected to the optical disk recorder 120. Because of this,
while an input image signal is converted to an information
signal by the encoder 121 to be recorded on an optical
disk, an information signal that has already been record-
ed on the optical disk is reproduced and converted to an
image signal by the decoder 111, whereby the image
signal thus obtained can be displayed on a CRT display
that is the output apparatus 103.
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Example 14

[0239] FIG. 24 is a schematic view showing one ex-
emplary configuration of an optical disk server according
to example 14. The optical disk server 150 according to
the present example includes the optical information ap-
paratus 67 according to example 9.
[0240] In FIG. 24, the optical disk server 150 is com-
posed of the optical information apparatus 67, a cable or
wireless input/output terminal 151 for taking an informa-
tion signal to be recorded in the optical information ap-
paratus 67 from an outside and outputting an information
signal read from the optical information apparatus 67 to
the outside, and a changer 152 for loading/unloading a
plurality of optical disks with respect to the optical infor-
mation apparatus 67. Furthermore, a keyboard as an in-
put apparatus 101 and a CRT display as an output ap-
paratus 103 are connected to the optical disk server 150.
[0241] Because of the above, the optical disk server
150 can exchange information with a network 153, i.e.,
a plurality of pieces of equipment such as a computer, a
telephone, and a TV tuner, and can be used as a common
information server with respect to these plurality of pieces
of equipment. Furthermore, by including the changer
152, a large amount of information can be recorded/
stored.
[0242] As described above, according to the present
invention, a complex objective lens having a high light
use efficiency can be provided, which realizes compatible
reproducing and recording between an optical disk with
a base thickness of 0.6 mm for recording and reproducing
with a red light beam having a wavelength λ2 (in general,
about 660 nm) and an optical disk with a base thickness
of 0.1 mm for recording and reproducing with a blue light
beam having a wavelength λ1 (in general, about 405 nm).
[0243] Furthermore, such a complex objective lens is
used in an optical head, and such an optical head is
mounted on an optical information apparatus, whereby
a plurality of optical disks having different recording den-
sities can be handled with a single optical head.
[0244] Furthermore, by including the above-men-
tioned optical information apparatus in a computer, an
optical disk player, an optical disk recorder, an optical
disk server, and a car navigation system, information can
be recorded/reproduced stably with respect to different
kinds of optical disks, so that the present invention can
be used in a wide range of application.

Claims

1. A complex objective lens for condensing a light beam
onto an information recording surface of an optical
disk through a base of the optical disk, comprising a
hologram (13; 132) and a refraction type lens (14;
142), wherein
the refraction type lens (14; 142) condenses a first
light beam (61) and also condenses a second light

beam (62) diffracted by the hologram (13; 132), and
the hologram (13; 132) has a grating with a stepped
cross-section,
characterized in that
the refraction type lens (14; 142) condenses +1st-
order diffracted light of the first light (61) beam having
a wavelength λ1 in a range of 390 nm to 415 nm
diffracted by the hologram (13; 132) onto an infor-
mation recording surface of a first optical disk
through a base with a thickness t1, and also con-
denses -1st-order diffracted light of the second light
beam (62) having a wavelength λ2 in a range of 630
nm to 680 nm diffracted by the hologram (13; 132)
onto an information recording surface of a second
optical disk through a base with a thickness t2 larger
than the thickness t1, and
a height of the stepped cross-section is an integral
multiple of a unit level difference d2, the unit level
difference d2 gives a difference in optical path length
of about 1.25 wavelengths to the first light beam (61),
and gives a difference in optical path length of about
0.75 wavelengths to the second light beam (62), and
one period of the grating is composed of four levels
of respective step heights in an order of 0 time, once,
twice, and three times the unit level difference d2
from an outer peripheral side to an optical axis side
of the hologram (13; 132).

2. The complex objective lens according to claim 1,
wherein a ratio of widths of the level difference of the
stepped cross-section of the grating is 1: 1 : 1 : 1
corresponding to the heights in the order of 0 time,
once, twice, and three times the unit level difference
d2.

3. The complex objective lens according to one of
claims 1 or 2, wherein the hologram (13 ;132; 133)
has a grating with a stepped cross-section formed
in an outer peripheral portion (132B; 133B), a height
of the stepped cross-section of the grating formed in
the outer peripheral portion (132B; 133B) is an inte-
gral multiple of a unit level difference d3, the unit
level difference d3 gives a difference in optical path
length of about 0.25 wavelengths to the first light
beam (61), and one period of the grating formed in
the outer peripheral portion (132B; 133B) is com-
posed of a step of heights in an order of 0 time, once,
twice, and three times the unit level difference d3
from an outer peripheral side to an optical axis side
of the hologram (13; 132; 133).

4. The complex objective lens according to any one of
the preceding claims, wherein the hologram (13;
132; 133) and the refraction type lens (14; 142) are
fixed integrally.

5. The complex objective lens according to any one of
the preceding claims, wherein a refractive surface
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of the refraction type lens (14; 142) on an opposite
side of a condensed spot is an aspherical surface.

6. The complex objective lens according to claim 5,
wherein the hologram (13; 132; 133) is formed inte-
grally on the aspherical surface of the refraction type
lens (14; 142).

7. The complex objective lens according to any one of
the preceding claims, wherein the hologram (13;
132; 133) is formed integrally on a surface of the
refraction type lens (14; 142).

8. The complex objective lens according to any one of
the preceding claims, wherein, assuming that a nu-
merical aperture at which the first light beam (61) is
condensed through the base with the thickness t1 is
NAb, and a numerical aperture at which the second
light beam (62) is condensed through the base with
the thickness t2 is NAr, Nab > NAr is satisfied.

9. An optical information appliance apparatus compris-
ing:

an optical information apparatus (67) compris-
ing:

an optical head apparatus (55) including: a
first laser light source (1) for emitting a first
light beam (61) having a wavelength λ1 in
a range of 390 nm to 415 nm;
a second laser light source (20) for emitting
a second light beam (62) having a wave-
length λ2 in a range of 630 nm to 680 nm;
the complex objective lens of any one of
claims 1 to 8 for receiving the first light beam
(61) emitted from the first laser light source
(1) to condense it onto the information re-
cording surface (91) of the first optical disk
(9) through the base with a thickness t1, and
receiving the second light beam (62) emit-
ted from the second laser light source (20)
to condense it onto the information record-
ing surface (101) of the second optical disk
through the base with the thickness t2; and
a photodetector (33) for receiving the first
(61) and second (62) light beams reflected
respectively from the information recording
surfaces (91) of the first (9) and second (10)
optical disks to output an electric signal in
accordance with light amounts of the first
(61) and second (62) light beams;
a motor (64) for rotating the first (9) and sec-
ond (10) optical disks; and
an electric circuit (53) for receiving a signal
obtained from the optical head apparatus
(55) and driving the motor (64), the complex
objective lens, and the first (1) and second

(20) laser light sources based on the signal.

10. The optical information appliance apparatus accord-
ing to claim 9, wherein the optical information appli-
ance apparatus comprises a computer (100), an op-
tical disc player (110), a car navigation system, an
optical disc recorder (120) and an optical disc server
(150).

Patentansprüche

1. Mehrkomponenten-Objektivlinse zum Bündeln ei-
nes Lichtstrahls auf eine zum Aufzeichnen von In-
formationen ausgebildete Oberfläche einer opti-
schen Diskette durch eine Grundplatte der optischen
Diskette hindurch, wobei die zusammegestzte Ob-
jektivlinse ein Hologramm (13; 132) und eine auf
Lichtbrechung basierende Linse (14; 142) umfasst,
und worin
die auf Lichtbrechung basierende Linse (14; 142)
einen ersten Lichtstrahl (61) bündelt und ferner einen
zweiten Lichtstrahl (62) bündelt, die von dem Holo-
gramm (13; 132) gebeugt wurden, und
das Hologramm (13; 132) ein Gitter mit einem stu-
fenförmigen Querschnitt aufweist,
dadurch gekennzeichnet, dass
die auf Lichtbrechung basierende Linse (14; 142) ein
von dem Hologramm (13; 132) in +lster Beugungs-
ordnung gebeugtes Licht des ersten Lichtstrahls (61)
mit einer Wellenlänge λ1 aus dem Bereich von 390
nm bis 415 nm durch eine Grundplatte mit einer Dik-
ke von t1 hindurch auf die zum Aufzeichnen von In-
formationen ausgebildete Oberfläche einer ersten
optischen Diskette bündelt, und ferner ein von dem
Hologramm (13; 132) in -1ster Beugungsordnung
gebeugtes Licht des zweiten Lichtstrahls (62) mit ei-
ner Wellenlänge λ2 aus dem Bereich von 630 nm
bis 680 nm durch eine Grundplatte mit einer Dicke
von t2, die größer als die Dicke t1 ist, hindurch auf
die zum Aufzeichnen von Informationen ausgebilde-
te Oberfläche einer zweiten optischen Diskette bün-
delt, und
eine Höhe des stufenförmigen Querschnitts ein
ganzzahliges Vielfaches einer elementaren Höhen-
stufe d2 bildet, wobei die elementare Höhenstufe d2
dem ersten Lichtstrahl (61) einen Gangunterschied
von etwa 1,25 Wellenlängen und dem zweiten Licht-
strahl (62) einen Gangunterschied von etwa 0,75
Wellenlängen vermittelt, und wobei eine Periode des
Gitters sich aus einer Stufenfolge mit vier Stufenhö-
hen zusammensetzt, die von der zur Peripherie wei-
senden Seite in Richtung der zur optischen Achse
des Hologramms (13; 132) weisenden Seite ent-
sprechend einer Abfolge des Nullfachen, Einfachen,
Zweifachen und Dreifachen der elementaren Hö-
henstufe d2 ausgebildet sind.
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2. Mehrkomponenten-Objektivlinse nach Anspruch 1,
worin ein Verhältnis der Weiten der Höhenstufen des
stufenförmigen Querschnitts des Gitters entspre-
chend der das Nullfache, Einfache, Zweifache und
Dreifache der elementaren Höhenstufe d2 betragen-
den Höhenabfolge 1 : 1 : 1 : 1 beträgt.

3. Mehrkomponenten-Objektivlinse nach Anspruch 1
oder 2, worin das Hologramm (13 ; 132; 133) ein in
einem äußeren peripheren Teilbereich (132B; 133B)
ausgebildetes Gitter mit einem stufenförmigen Quer-
schnitt aufweist, wobei eine Höhe des stufenförmi-
gen Querschnitts des in dem äußeren peripheren
Teilbereich (132B; 133B) ausgebildeten Gitters ein
ganzzahliges Vielfaches einer elementaren Höhen-
stufe d3 bildet, wobei die elementare Höhenstufe d3
dem ersten Lichtstrahl (61) einen Gangunterschied
von etwa 0,25 Wellenlängen vermittelt und eine Pe-
riode des in dem äußeren peripheren Teilbereich
(132B; 133B) ausgebildeten Gitters sich aus Stufen-
höhen zusammensetzt, die von der zur Peripherie
weisenden Seite in Richtung der zur optischen Ach-
se des Hologramms (13; 132; 133) weisenden Seite
entsprechend einer Abfolge des Nullfachen, Einfa-
chen, Zweifachen und Dreifachen der elementaren
Höhenstufe d3 ausgebildet sind.

4. Mehrkomponenten-Objektivlinse nach einem der
vorhergehenden Ansprüche, worin das Hologramm
(13; 132; 133) und die auf Lichtbrechung basierende
Linse (14; 142) in einem festen Bezug zueinander
befestigt sind.

5. Mehrkomponenten-Objektivlinse nach einem der
vorhergehenden Ansprüche, worin eine auf der ei-
nem gebündelten Lichtfleck abgewandt angeordne-
te lichtbrechende Oberfläche der auf Lichtbrechung
basierenden Linse (14; 142) als aspärische Oberflä-
che ausgeführt ist.

6. Mehrkomponenten-Objektivlinse nach Anspruch 5,
worin das Hologramm (13; 132; 133) integral an der
asphärischen Oberfläche der auf Lichtbrechung ba-
sierenden Linse (14; 142) ausgeformt ist.

7. Mehrkomponenten-Objektivlinse nach einem der
vorhergehenden Ansprüche, worin das Hologramm
(13; 132; 133) integral an einer Oberfläche der auf
Lichtbrechung basierenden Linse (14; 142) ausge-
formt ist.

8. Mehrkomponenten-Objektivlinse nach einem der
vorhergehenden Ansprüche, worin, wenn NAb eine
numerische Apertur eines durch die Grundplatte der
Dicke t1 gebündelten ersten Lichtstrahls (61) be-
zeichnet und NAr eine numerische Apertur eines
durch die Grundplatte der, Dicke t2 gebündelten
zweiten Lichtstrahls (62) bezeichnet, die Bedingung

NAb > NAr erfüllt ist.

9. Optisches Informationsgerätesystem aufweisend:

ein optisches Informationssystem (67), aufwei-
send:

eine optische Abtastkopfvorrichtung (55)
umfassend: eine erste Laserlichtquelle (1)
zum Emittieren eines ersten Lichtstrahls
(61) mit einer Wellenlänge λ1 aus dem Be-
reich von 390 nm to 415 nm;
eine zweite Laserlichtquelle (20) zum Emit-
tieren eines zweiten Lichtstrahls (62) mit ei-
ner Wellenlänge λ2 aus dem Bereich von
630 nm to 680 nm;
die Mehrkomponenten-Objektivlinse nach
einem der Ansprüche 1 bis 8, um den von
der ersten Laserlichtquelle (1) emittierten
ersten Lichtstrahls (61) zu empfangen und
ihn durch die Grundplatte mit einer Dicke t1
hindurch auf die zum Aufzeichnen von In-
formationen ausgebildete Oberfläche (91)
der ersten optischen Diskette (9) zu bün-
deln, und um den von der zweiten Laser-
lichtquelle (20) emittierten zweiten Licht-
strahl (62) zu empfangen und ihn durch die
Grundplatte mit der Dicke t2 hindurch auf
die zum Aufzeichnen von Informationen
ausgebildete Oberfläche (101) der zweiten
optischen Diskette zu bündeln; und
einen Fotodetektor (33) zum Empfangen
der jeweils von den zum Aufzeichnen von
Informationen ausgebildeten Oberflächen
(91, 101) der ersten (9) und zweiten (10)
optischen Disketten reflektierten ersten
(61) und zweiten (62) Lichtstrahlen, und um
ein den Lichtmengen des ersten (61) und
zweiten (62) Lichtstrahls entsprechendes
elektrisches Signal auszugeben;
einen Motor (64) zum Drehen von erster (9)
und zweiter (10) optischer Diskette; und
einen elektrischen Schaltkreis (53) zum
Empfangen eines von der optischen Abtast-
kopfvorrichtung (55) erhaltenen Signals
und zum Ansteuern von Motor (64), Mehr-
komponenten-Objektivlinse sowie erster
(1) und zweiter (20) Laserlichtquelle in Ab-
hängigkeit von dem Signal.

10. Optisches Informationsgerätesystem nach An-
spruch 9, worin das optische Informationsgerätesy-
stem einen Computer (100), ein Abspielgerät (110)
für optische Disketten, ein Fahrzeugnavigationssy-
stem, ein Aufzeichnungsgerät (120) für optische Dis-
ketten und einen Server (150) für optische Disketten
umfasst.
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Revendications

1. Lentille d’objectif complexe pour faire converger un
faisceau lumineux sur une surface d’enregistrement
d’informations d’un disque optique au travers d’une
base du disque optique, comprenant un holo-
gramme (13;132) et une lentille de type réfractif (14;
142), dans laquelle
la lentille de type réfractif (14;142) fait converger un
premier faisceau lumineux (61) et fait également
converger un second faisceau lumineux (62) diffrac-
té par l’hologramme (13;132), et
l’hologramme (13;132) a un réseau ayant une sec-
tion transversale à degrés,
caractérisé en ce que
la lentille de type réfractif (14;142) fait converger de
la lumière diffractée de 1er ordre positif du premier
faisceau lumineux (61) ayant une longueur d’onde
λ1 dans une gamme allant de 390 nm à 415 nm
diffractée par l’hologramme (13;132) sur une surface
d’enregistrement d’informations d’un premier disque
optique au travers d’une base ayant une épaisseur
t1, et fait également converger de la lumière diffrac-
tée de 1er ordre négatif du second faisceau lumineux
(62) ayant une longueur d’onde λ2 dans une gamme
allant de 630 nm à 680 nm diffractée par l’holo-
gramme (13;132) sur une surface d’enregistrement
d’informations d’un second disque optique au tra-
vers d’une base ayant une épaisseur t2 supérieure
à l’épaisseur t1, et
une hauteur de la coupe transversale à degrés est
un multiple entier d’une différence de niveau unitaire
d2, la différence de niveau unitaire d2 donnant une
différence dans la longueur de trajet optique d’envi-
ron 1,25 longueur d’onde s’agissant du premier fais-
ceau lumineux (61),
et donnant une différence dans la longueur de trajet
optique d’environ 0,75 longueur d’onde s’agissant
du second faisceau lumineux (62), et une période
du réseau est composée de quatre niveaux de hau-
teur de degré respectif selon un ordre de 0 fois, une
fois, deux fois et trois fois la différence de niveau
unitaire d2 depuis un côté périphérique extérieur jus-
qu’à un côté axe optique de l’hologramme (13;132).

2. Lentille d’objectif complexe selon la revendication 1,
dans laquelle un rapport de largeurs de la différence
de niveau de la section transversale à degrés du
réseau est 1:1:1:1 correspondant aux hauteurs se-
lon un ordre de 0 fois, une fois, deux fois et trois fois
la différence de niveau unitaire d2.

3. Lentille d’objectif complexe selon la revendication 1
ou 2, dans laquelle l’hologramme (13;132;133) a un
réseau ayant une section transversale à degrés for-
mé dans une portion périphérique extérieure (132B;
133B), une hauteur de la section transversale à de-
grés du réseau formé dans la portion périphérique

extérieure (132B;133B) étant un multiple entier
d’une différence de niveau unitaire d3, la différence
de niveau unitaire d3 donnant une différence de lon-
gueur de trajet optique d’environ 0,25 longueur d’on-
de s’agissant du premier faisceau lumineux (61), et
une période du réseau formée dans la portion péri-
phérique extérieure (132B;133B) est composée d’un
degré de hauteur selon un ordre de 0 fois, une fois,
deux fois et trois fois la différence de niveau unitaire
d3 depuis un côté périphérique extérieur jusqu’à un
côté axe optique de l’hologramme (13;132;133).

4. Lentille d’objectif complexe selon l’une quelconque
des revendications précédentes, dans laquelle l’ho-
logramme (13;132;133) et la lentille de type réfractif
(14;142) sont fixées d’un seul tenant.

5. Lentille d’objectif complexe selon l’une quelconque
des revendications précédentes, dans laquelle une
surface réfractive de la lentille de type réfractif (14;
142) sur une face opposée d’un point lumineux con-
centré est une surface asphérique.

6. Lentille d’objectif complexe selon la revendication 5,
dans laquelle l’hologramme (13;132;133) est formée
d’un seul tenant sur la surface asphérique de la len-
tille de type réfractif (14;142).

7. Lentille d’objectif complexe selon l’une quelconque
des revendications précédentes, dans laquelle l’ho-
logramme (13;132;133) est formé d’un seul tenant
sur une surface de la lentille de type réfractif (14;
142).

8. Lentille d’objectif complexe selon l’une quelconque
des revendications précédentes, dans laquelle, si
Nab est une ouverture numérique au niveau de la-
quelle le premier faisceau lumineux (61) est concen-
tré au travers de la base ayant l’épaisseur t1, et si
Nar est une ouverture numérique au niveau de la-
quelle le second faisceau lumineux (62) est concen-
tré au travers de la base ayant l’épaisseur t2, la re-
lation Nab>Nar est satisfaite.

9. Appareil électrique domestique à informations opti-
ques, comprenant :

un appareil à informations optiques (67)
comprenant :

un appareil à tête optique (55) incluant :

une première source lumineuse laser
(1) pour émettre un premier faisceau
lumineux (61) ayant une longueur d’on-
de λ1 dans une gamme de 390 nm à
415 nm ;
une seconde source lumineuse laser
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(20) pour émettre un second faisceau
lumineux (62) ayant une longueur d’on-
de λ2 dans une gamme de 630 nm à
680 nm ;
la lentille d’objectif complexe selon
l’une quelconque des revendications 1
à 8, pour recevoir le premier faisceau
lumineux (61) émis par la première
source lumineuse laser (1) pour le faire
converger sur la surface d’enregistre-
ment d’informations (91) du premier
disque optique (9) au travers de la base
ayant une épaisseur t1, recevoir le se-
cond faisceau lumineux (62) émis par
la seconde source lumineuse laser (20)
pour le faire converger sur la surface
d’enregistrement d’informations (101)
du second disque optique au travers de
la base ayant une épaisseur t2 ; et
un photodétecteur (33) pour recevoir
les premier (61) et second (62) fais-
ceaux lumineux reflétés respective-
ment à partir des surfaces d’enregistre-
ment d’informations (91) des premier
(9) et second (10) disques optiques
pour fournir un signal électrique fonc-
tion des quantités de lumière des pre-
mier (61) et second (62) faisceaux
lumineux ;
un moteur (64) pour faire tourner les
premier (9) et second (10) disques
optiques ; et
un circuit électrique (53) pour recevoir
un signal obtenu depuis l’appareil à tête
optique (55) et entraîner le moteur (64),
la lentille d’objectif complexe et les pre-
mière (1) et seconde (20) sources de
lumière laser sur la base du signal.

10. Appareil électrique domestique à informations opti-
ques selon la revendication 9, ledit appareil électri-
que domestique à informations optiques compre-
nant un ordinateur (100), un lecteur de disque opti-
que (110), un système de navigation pour automo-
bile, un enregistreur sur disque optique (120) et un
serveur de disque optique (150).
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