
;                       e3einfZZ[,gR~jf+6Tnr; a 1 OPTICAL PICK-UP SYSTEM,
OPTICAL PICK-UP DEVICE, AND OPTICAL INFORMATION RECORDING AND/OR
REPRODUCING APPARATUS RELATED APPLICATION This application is based on
patent application No. 2003-340305 filed in Japan, the entire content of
which is hereby incorporated by reference. BACKGROUND OF THE INVENTION 1.
Field of the Invention The present invention relates to an optical pick-up
system, optical pick-up device, and optical information recording and/or
reproducing apparatus. 2. Description of the Related Art Recently, DVD
(Digital Versatile Disc) which is rapidly spreading as an optical recording
medium such as an image information, is, when a red semiconductor laser of
wavelength     2 650 nm and an objective optical system whose numerical
aperture (NA) is 0.65 are used, the information of 4.7 GB per one surface
can be recorded, however, for a purpose in which higher density information
is recorded/reproduced at a high transfer rate, a request for further high
densification and large increase of the capacity, is increasing. In order
to attain the high densification and further increase of the density of the
optical disk, it is sufficient when a diameter of a spot light-converged by
the objective optical system is reduced, as well-known, and for the purpose
of it, a reduction of wavelength of a laser light source or an increase of
numerical aperture is necessary. Relating to the reduction of wavelength of
the laser light source, a blue violet semiconductor laser or a blue violet
SHG laser is putting in practical use, and by a combination of these blue
violet laser light sources and an objective optical system of NA 0.65, for
the 12 cm diameter optical disk, the information of about 15 GB can be
recorded per one surface. (Hereinafter, in the present specification, the
optical disk using the blue violet laser light source is generally named as
"high density optical disk".) Further, relating to a high increase of NA of
the objective optical system, a standard of the optical disk by    3 which
a light flux from the blue violet laser light source is light-converged by
the objective optical system of NA 0.85 and a recording/reproducing
(recording and/or reproducing) of the information is conducted, is
proposed, and in the optical disk of this standard, the recording of about
23 GB per one surface can be conducted for the optical disk of a diameter
of 12 cm. Hereupon, in the high density optical disk using the objective
optical system of NA 0.85, because the coma generated due to a skew of the
optical disk is increased, it is designed so that a protective layer is
thinner than in a case of DVD (0.1 mm to 0.6 mm in DVD), and the coma to
the skew is decreased. However, only by a saying that the
recording/reproducing of the information can be adequately conducted for
such a high density optical disk, it can not be said that a value as a
product of the optical disk player is sufficient. In a present time, when
it is based on the actuality that DVD or CD (Compact Disk) in which various
information is recorded is sold, it is not sufficient by only a case where
the recording/reproducing of the information can be conducted for the high
density optical disk, but, for example, a fact that the
recording/reproducing of the 



9 information can be adequately conducted in the same manner also for DVD
or CD owned by the user, leads to an increase of a value of goods as an
optical disk player for the high density optical disk. From such a
background, it is required for an optical pick-up device mounted in the
optical disk player for the high density optical disk, that, while it keeps
a compatibility also for any one of DVD and CD, it has a performance by
which the recording/reproducing can be adequately conducted. As a method by
which, while it has a compatibility also for any one of DVD and CD, the
recording/reproducing can be adequately conducted, a method by which
optical parts for the high density optical disk and optical parts for DVD
or CD, are selectively switched corresponding the recording density of the
optical disk for which the information is recorded/reproduced, can be
considered, however, because a plurality of optical parts are necessary, it
is disadvantageous for the size reduction, and further, cost is increased.
Accordingly, in order to intend that the structure of the optical pick-up
device is simplified, and the cost is reduced, also in the optical pick-up
device having the compatibility, it is preferable that the optical parts
for    5 the high density optical disk and the optical parts for DVD or CD
are commonly used with each other, and the number of optical parts
structuring the optical pick-up device is decreased to the utmost, and it
can be said that it is most preferable that the objective optical system is
used in common with each other. Also in the objective optical system having
the compatibility to a plurality of kinds of optical disks whose recording
density is different, for the reason that it is advantageous for the mass
production, it is preferable that a plastic lens is used. However, because
the plastic lens has a characteristic that a temperature change of the
refractive index is almost 2 places larger than that of a glass lens, in
the objective optical system including the plastic lens, the spherical
aberration is changed following the temperature change. Because this change
amount of the spherical aberration is proportional to ~/NA9, in the
objective optical system including a plastic lens having the compatibility
to a plurality of kinds of optical disks, a change of the spherical
aberration following the temperature change when the recording/reproducing
of the information is conducted on the high density DVD, becomes a problem.
6 The present inventor proposes the optical pick-up device for the high
density optical disk provided with the objective optical system having the
light source and at least one plastic lens, and the optical pick-up device
provided with a 2 group-composition beam expander optical system as an
aberration correction optical system between the light source and the
objective optical system (Refer to Patent Document 1: Tokkai No.
2002-82280). According to the optical pick-up device disclosed in Patent
Document 1, a spherical aberration change generated in the objective
optical system following the temperature change, can be corrected when the
lens interval of the beam expander optical system is changeably adjusted.
However, in this optical pick-up device, because a spherical aberration
detecting means for detecting the spherical aberration change of the
objective optical system following the temperature change when the
recording/reproducing is conducted on the high density optical disk, an
actuator for changeably adjusting the lens interval of the beam expander
optical system, and a control circuit for controlling this actuator
corresponding to the detection result of the spherical aberration detecting
means are necessary, there is a problem such as an increase of the   r 7
production cost by the increase of the number of parts of the optical
pick-up device, an increase of the size of optical pick-up device, and an
increase of the complexity of the optical pick-up device. SUMMARY OF THE
INVENTION An object of the present invention is to provide an optical
pick-up system in which the above-described problems are considered, and an
optical pick-up system by which, while keeping the compatibility, the
information can be adequately recorded/reproduced for optical disks such as
the high density optical disk and DVD, in which a wavelength of the laser
light source is different, or for a plurality of kinds of optical disks
such as the high density optical disk, DVD, and CD, and which is
appropriate for the size reduction, weight reduction, cost reduction, and
the simplification of the structure, and a simple structure optical pick-up
system provided with an aberration correction optical system by which the
spherical aberration change generated in the objective optical system
including a plastic lens, following the environmental temperature change
when the information is recorded/reproduced for the high density optical
disk, can be corrected without the lens intervals of a plurality of lenses
8 structuring the optical system such as the beam expander optical system
being changeably adjusted. Further, a furthermore object of the present
invention is to provide an optical pick-up device mounted with these
optical pick-up systems, and an optical information recording and/or
reproducing apparatus mounted with this optical pick up device. These and
other objects are attained by an optical pick-up system comprising: a first
light source for projecting a first light flux having a wavelength of not
more than 450 nm; a second light source for projecting a second light flux
having a wavelength within a range of 630 nm to 680 nm; an objective
optical system for converging the first light flux projected from the first
light source on an information recording surface of a first optical disk
which having a first recording density, and for converging a second light
flux projected from the second light source on an information recording
surface of a second optical disk having a second recording density which is
different from the first recording density, wherein the objective optical
system has at least a plastic lens having a positive paraxial refractive
power, and wherein a ratio ~SA/4T of a change of a spherical    



9 aberration to a temperature change of the objective optical system when
the first light flux passes through the objective optical system for
recording or reproducing information onto or from the first optical disk,
satisfies the following expression (1); and an aberration correction
optical system having at least two lens groups, and being arranged in an
optical path between the first light source and the objective optical
system, wherein the aberration correction optical system has a plastic lens
having a positive paraxial refractive power and a glass lens. OSA/OT > 0
(1) Further, the above object of the present invention is attained by an
optical pick-up device provided with the above optical pick-up system.
Further, the above-object of the present invention is attained by an
optical information recording and/or reproducing apparatus in which the
above optical pick-up device is mounted. According to the present
invention, for the optical disks such as the high density optical disk in
which the wavelength of the laser light source is different, and DVD, or
for a plurality of kinds of optical disks such as the high   10 density
optical disk, DVD, and CD, an optical pick-up system in which, while
keeping the compatibility, the information can be adequately
recorded/reproduced, and which is appropriate for the size reduction,
weight reduction, cost reduction, and simplification of the structure, and
a simple structure optical pick-up system provided with an aberration
correction optical system by which, following the environmental temperature
change when the recording/reproducing of the information is conducted on
the high density optical disk, the spherical aberration generated in the
objective optical system including a plastic lens can be corrected, can be
obtained. Further, optical pick-up devices in which these optical pick-up
systems are mounted, and an optical information recording and/or
reproducing apparatus in which this optical pick-up device is mounted, are
obtained. The invention itself, together with further objects and attendant
advantages, will best be understood by reference to the following detailed
description taken in conjugation with the accompanying drawings.    11
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a main part plan view showing a
structure of an optical pick-up device. Figs. 2(a) to 2(c) are views
showing a structure of an objective optical system. Figs. 3(a) to 3(c) are
views showing a structure of an aberration correction element. Fig. 4 is a
main part plan view showing a structure of an optical pick-up device. Fig.
5 is a main part plan view showing a structure of an optical pick-up
device. Fig. 6 is a main part plan view showing a structure of an optical
pick-up device. Fig. 7 is a main part plan view showing a structure of an
optical pick-up device. Fig. 8 is a main part plan view showing a structure
of an optical pick-up device. Fig. 9 is a main part plan view showing a
structure of an optical pick-up device. Fig. 10 is a main part plan view
showing a structure of an optical pick-up device. Fig. 11 is a main part
plan view showing a structure of an optical pick-up device.   12 Fig. 12 is
a main part plan view showing a structure of an optical pick-up device.
Fig. 13 is a graph showing a correction result of a spherical aberration by
a thickness change of a protective layer of a high density optical disk.
Fig. 14 is a graph showing a correction result of a spherical aberration by
a change of wavelength ~1. Fig. 15 is a main part plan view showing a
structure of an optical pick-up device. Fig. 16 is a view showing a
structure of an objective optical system. In the following description,
like parts are designated by like reference numbers throughout the several
drawings. DESCRIPTION OF THE PREFERRED EMBODIMENT 



According to the first mode of the present invention, it is an optical
pick-up system comprising a first light source for projecting a first light
flux having a wavelength of not more than 450 nm, and a second light source
for projecting a second light flux having a wavelength within a range of
630 nm to 680 nm.   13 The optical pick-up system further comprises an
objective optical system for converging the first light flux projected from
the first light source on an information recording surface of a first
optical disk which having a first recording density, and for converging a
second light flux projected from the second light source on an information
recording surface of a second optical disk having a second recording
density which is different from the first recording density. The objective
optical system has at least a plastic lens having a positive paraxial
refractive power, wherein a ratio OSA/OT of a change of a spherical
aberration to a temperature change of the objective optical system when the
first light flux passes through the objective optical system for recording
or reproducing information onto or from the first optical disk, satisfies
the following expression (1). ~SA/~T > 0 (1) The optical pick-up system
still further comprises an aberration correction optical system having at
least two lens groups, and being arranged in an optical path between the
first light source and the objective optical system, wherein     14 the
aberration correction optical system has a plastic lens having a positive
paraxial refractive power and a glass lens. In the case where a plastic
lens whose paraxial refractive power (hereinafter, simply referred as
refractive power) is positive, is arranged in the aberration correction
optical system, when the temperature of the optical pick-up system is
risen, because the refractive power of this plastic lens is lowered, the
diverging degree of a marginal ray of the light flux incident on the
objective optical system is reduced. This corresponds to a decrease of the
magnification of the objective optical system, and by this magnification
change, in the objective optical system, the spherical aberration changes
to the under correction direction. Further, in the objective optical system
having a plastic lens whose refractive power is positive, generally, when
the temperature of the optical pick-up system is risen, the spherical
aberration changes to the over correction direction as in the expression
(1) (hereinafter, it is referred to a change of the spherical aberration of
the objective optical system following the temperature change as the
temperature characteristic). Herein, when the refractive power of the
plastic lens in the aberration correction optical system is adequately
15 set, it becomes possible that the spherical aberration changing to the
over correction direction by the influence of lowering of refractive power
of the plastic lens in the objective optical system, and the spherical
aberration changing to the under correction direction by the magnification
change of the objective optical system following the lowering of the
refractive index of the plastic lens in the aberration correction optical
system, are cancelled out each other. Thereby, because it is not necessary
that, following the temperature change when the recording/reproducing of
the high density optical disk is conducted, at least one lens in a
plurality of lenses constituting the aberration correction optical system,
is moved by an actuator and the temperature characteristic of the objective
optical system is corrected, the structure of the compatible type optical
pick-up device can be simplified. However, because the refractive power of
the plastic lens in the aberration correction optical system is uniquely
determined depending on the temperature characteristic of the objective
optical system, when the aberration correction optical system is structured
by only plastic lenses, the degree of freedom for determining the paraxial
amount of the     16 aberration correction optical system such as a focal
distance, back focus, and magnification, is insufficient. In contrast to
this, in the invention of item 1, because the refractive power of a glass
lens, which is arranged in the aberration correction optical system, and
which is not affected by the influence of the temperature change, can be
freely selected, it can correspond to various specifications of the
aberration correction optical system. Hereupon, in the present
specification, a sign of a change rate ~SA/~T of the spherical aberration
of the objective optical system is defined as positive, when the spherical
aberration changes to over correction direction, and defined as negative,
when the spherical aberration changes to under correction direction.
Further, it is defined that 4SA is expressed by an RMS (Root Mean Square)
value in which the wavelength ~ of the first light flux is made a unit, and
a unit of ~SA/4T is made ARMS/C. Further, in the present specification, an
optical disk which uses the blue violet semiconductor laser or blue violet
SHG laser, as the light source for the recording/reproducing of the
information, is generally referred to as "high density optical disk", and
the recording/reproducing of the    V  information is conducted by the
objective optical system of NA 0.85, and other than the optical disk of a
standard in which the thickness of the protective layer is about 0.1 mm, by
the objective optical system of NA 0.65, the recording/reproducing of the
information is conducted, and it also includes the optical disk of a
standard whose protective layer thickness is about 0.6 mm. Further, other
than the optical disks having such a protective layer on its information
recording surface, it includes the optical disks having the protective film
whose thickness is about several to several tens nm on the information
recording surface, or also the optical disks in which the thickness of
these protective layers or the thickness of the protective film is 0.
Further, in the present specification, it is defined that, in the high
density optical disk, a magnetic optical disk using the blue violet
semiconductor laser or blue violet SHG laser, as the light source for the
recording/reproducing of the information, is also included. Further, in the
present specification, optical disks of DVD series such as DVD-ROM,
DVD-Video, DVD-Audio, DVD-RAM, DVD-R, DVD-RW, DVD+R, and DVD+RW, are
generally named "DVD", and optical disks of CD series such as CD-ROM,
CD-Audio, CDVideo, CD-R, and CD-RW are generally named ~~CD".     is
Further, as the first light flux from the first light source for
recording/reproducing the high density optical disk, it is preferable that
it is a light flux projecting a wavelength (~1) less than 450 nm,
preferably in a range of 380nm - 450 nm, more preferably, in a range of 390
nm -430 nm. Further, as the second light flux from the second light source
for recording/reproducing DVD, it is preferable that it is a light flux
projecting a wavelength (~2) in a range of 630 nm - 680 nm, and as the
third light flux from the third light source for recording/reproducing CD,
it is preferable that it is a light flux projecting a wavelength (~3) in a
range of 750 nm - 800 nm. According to the second mode of the present
invention, in the optical pick-up system written in the first mode, it is
preferable that the optical pick-up system further comprises a coupling
optical system which is arranged in an optical path between the first light
source and the aberration correction optical system, wherein when the first
light flux having a divergent angle enters onto the coupling optical
system, the coupling optical system emits a light flux having a divergent
angle which is smaller than an incident light flux of the first light flux,
wherein the   



Y 19 glass lens of the aberration correction optical system has a negative
paraxial refractive power, and wherein the aberration correction optical
system is a beam expander optical system which changes a diameter of the
first light flux. According to this, because, even when the temperature
change occurs between the coupling optical system and the beam expander
optical system, the divergent degree of the light flux can be made
constant, even when one pair of optical elements structuring a beam shaping
prism are arranged, it can be made so that the astigmatism is not
generated. When the diameter of incident beam is increased, a path between
the light source and the beam expander optical system can be made compact.
Hereupon, in the beam expander optical system, other than a part which
increases the beam diameter, a part which reduces the beam diameter, is
also included. According to the third mode of the present invention, in the
optical pick-up system written in the second mode, it is preferable that
the beam expander optical system is arranged in a common optical path of
the first light flux and the second light flux.   v a  According to this,
the temperature characteristic also for DVD using the second light flux can
be corrected. Further, when at least one lens in a plurality of lenses
structuring the beam expander optical system is made movable by the
actuator, not only on the high density optical disk, but also when the
recording/reproducing is conducted on DVD, the spherical aberration can be
corrected. As causes of generation of the spherical aberration, for
example, there are the wavelength fluctuation by the production error of
the blue violet semiconductor laser or red semiconductor laser used for the
light source, focus jump between layers at the time of
recording/~eproducing for the multi-layered disk such as 4-layer disk, and
thickness fluctuation or thickness distribution by the production error of
the protective layer of the optical disk. According to the fourth mode of
the present invention, in the optical pick-up system written in the second
mode, it is preferable that the optical pick-up system further comprises a
beam combiner for leading an optical path of the first light flux and an
optical path of the second light flux into a common optical path, and
wherein the coupling optical system, the glass lens in the beam expander
optical system, the beam combiner, the plastic lens in the beam expander
21 optical system, and the objective optical system are arranged in that
order from the first light source side. According to this, because a
plastic lens in the beam expander optical system is in the common optical
path of the first flux and the second flux, when the objective optical
system has the temperature characteristic in which the spherical aberration
changes to the over correction direction following the temperature rise at
the time of the recording/reproducing on DVD, the temperature
characteristic at the time of the recording/reproducing on DVD, can also be
corrected. Further, when it is structured such that the plastic lens serves
also as the coupling lens optical system (more preferably, the collimator
optical system) of the second light flux, the number of parts can be
reduced. Further, when it is structured such that the plastic lens can be
moved by the actuator, not only for the high density optical disk, but also
at the time of the recording/reproducing for DVD, the spherical aberration
can be corrected. According to the fifth mode of the present invention, 



in the optical pick-up system written in the second mode, it is preferable
that the optical pick-up system further comprises a beam combiner for
leading an optical path of the   22 first light flux and an optical path of
the second light flux into a common optical path, and wherein the coupling
optical system, the plastic lens of the beam expander optical system, the
beam combiner, the glass lens in the beam expander optical system, and the
objective optical system are arranged in that order from the first light
source side. According to this, because the plastic lens-in the beam
expander optical system is in the exclusive use optical path of the first
light flux, the existence of the beam expander optical system does not
influence on the temperature characteristic at the time of
recording/reproducing for DVD using the second light flux. Accordingly, by
considering only a case where the temperature characteristic at the time of
recording/reproducing for the high density optical disk using the first
light flux, is corrected, the refractive power of the plastic lens can be
determined. According to the sixth mode of the present invention, in the
optical pick-up system written in the second mode, it is preferable that
the beam expander optical system is arranged in the exclusive use optical
path of the first light flux. According to this, because the plastic lens
in the beam expander optical system is in the exclusive use optical path
23 of the first light flux, the existence of the beam expander optical
system does not influence on the temperature characteristic at the time of
the recording/reproducing for DVD using the second light flux. Accordingly,
by considering only a case where the temperature characteristic at the time
of recording/reproducing for the high density optical disk using the first
light flux, is corrected, the refractive power of the plastic lens in the
beam expander optical system can be determined. According to the 7th mode
of the present invention, in the optical pick-up system written in any one
of the second to sixth modes, it is preferable that the coupling optical
system has at least one plastic lens whose paraxial refractive power is
positive. According to this, by using the positive plastic lens in the
coupling optical system, the temperature characteristic can be corrected in
the optical system including this coupling optical system. By this, because
the positive refractive power necessary for correction can be distributed
to the beam expander optical system and the coupling optical system, the
degree of freedom of lens design of the beam expander optical system can be
increased.    24 According to the 8th mode of the present invention, in the
optical pick-up system written in the third mode, when, in at least 2 kinds
of optical disks whose recording densities are different from each other,
the optical disk on which the recording and/or reproducing of the
information is conducted by the first light flux, is defined as the first
optical disk, and the optical disk on which the recording and/or
reproducing of the information is conducted by the second light flux, is
defined as the second optical disk, it is preferable that, a magnification
ml of the objective optical system for the first light flux when the first
light flux passes through the objective optical system for recording or
reproducing information onto or from the first optical disk, and a
magnification m2 of the objective optical system for the second light flux
when the second light flux passes through the objective optical system for
recording or reproducing information onto or from the second optical disk,
are approximately same, and Abbe's number v~ of the glass 



lens whose paraxial refractive power is negative, in the beam expander
optical system, and Abbe's number vdP of the plastic lens whose paraxial
refractive power is positive, in the beam   25 expander optical system,
satisfy the following expression (2) . udP ~ udN ( 2 ) When the beam
expander optical system is designed for the first light flux, by the
influence of chromatic aberration generated due to that the refractive
index is different in the first light flux and the second light flux, in
the second light flux, a parallel light flux is not projected, and when the
disk is changed from the high density optical disk to DVD, it is necessary
that at least one lens in a plurality of lenses structuring the beam
expander optical system is moved by the actuator so that the second light
flux is projected as the parallel light flux. Accordingly, as in the eighth
mode, when the negative glass lens and positive plastic lens are selected
so that Abbe's number satisfies the expression (2), and when the chromatic
aberration between the first light flux and the second light flux is
achromatized, without a lens in the beam expander optical system being
moved by the actuator, the second light flux can be projected as the
parallel light, and a control factor when the recording or reproducing is
conducted on DVD, can be reduced by one.   26 According to the ninth mode
of the present invention, in the optical pick-up system written in the
first mode, it is preferable that the aberration correction optical system
is a coupling optical system, and wherein when the first light flux having
a divergent angle enters onto the coupling optical system, the coupling
optical system emits a light flux having a divergent angle which is smaller
than the incident light flux of the first light flux. According to this,
because, to the coupling optical system by which the divergent angle of the
divergent light flux projected from the blue violet semiconductor laser as
the first light source is converted small and guided to the objective
optical system, a function of the aberration correction optical system for
correcting the temperature characteristic of the objective optical system
can be given, it is advantageous for the reduction of the number of parts,
cost reduction and size reduction, of the optical pick-up device. According
to the tenth mode of the present invention, in the optical pick-up system
written in the ninth mode, it is preferable that the coupling optical
system is arranged in a common optical path of the first light flux and the
second light flux.   27 According to this, because the plastic lens in the
coupling optical system is in the common optical path of the first light
flux and the second light flux, when the objective optical system has the
temperature characteristic in which the spherical aberration changes to the
over correction direction following the temperature rise at the time of the
recording/reproducing of DVD, the temperature characteristic at the time of
the recording/reproducing for DVD can also be corrected. Further, when it
is structured such that the lens constituting the coupling optical system
can be moved by the actuator, the spherical aberration can be corrected at
the time of the recording/reproducing not only for the high density optical
disk, but also for DVD. According to the 11th mode of the present
invention, in the optical pick-up system written in the ninth mode, it is
preferable that the optical pick-up system further comprises a beam
combiner for leading an optical path of the first light flux and an optical
path of the second light flux into a common optical path, wherein the glass
lens in the coupling optical system, the beam combiner, the plastic lens in
the coupling optical system, and the objective optical system are arranged
in that order from the first light source side.    28 According to this,
because the plastic lens in the coupling optical system is in the common
optical path of the first light flux and the second light flux, when the
objective optical system has the temperature characteristic in which the
spherical aberration changes to the over correction direction following the
temperature rise at the time of the recording/reproducing of DVD, the
temperature characteristic at the time of the recording/reproducing for
DVD, can also be corrected. Further, when it is structured such that the
plastic lens serves also for the coupling optical system (more preferably,
collimator lens) of the second light flux, the number of parts can be
reduced. Further, when the plastic lens is structured so that it can be
moved by the actuator, the spherical aberration can be corrected at the
time of the recording/reproducing not only for the high density optical
disk, but also for DVD. According to the 12th mode of the present
invention, in the optical pick-up system written in the ninth mode, it is
preferable that the optical pick-up system further comprises a beam
combiner for leading an optical path of the first light flux and an the
second light flux into a common path, wherein the glass lens in the
coupling optical system has a positive paraxial refractive power, and
wherein the plastic   29 lens in the coupling optical system, the beam
combiner, the glass lens in the coupling optical system, and the objective
optical system are arranged in that order from the first light source side.
According to this, because the plastic lens in the coupling optical system
is in the exclusive use optical path, the existence of the coupling optical
system does not influence on the temperature characteristic at the time of
the recording/reproducing for DVD using the second light flux. Accordingly,
by considering only a case where the temperature characteristic at the time
of the recording/reproducing for the high density optical disk using the
first light flux is corrected, the refractive power of the plastic lens can
be determined. Further, when it is structured such that the glass lens
serves also for the coupling lens optical system (more preferably,
collimator optical system) of the second light flux, the number of parts
can be reduced. Further, when the glass lens is structured such that it can
be moved by the actuator, the spherical aberration can be corrected at the
time of the recording/reproducing not only for the high density optical
disk, but also for DVD. 



30 According to the 13th mode of the present invention, in the optical
pick-up system written in the ninth mode, it is preferable that the
coupling optical system is arranged in an exclusive use optical path of the
first light flux. According to this, because the plastic lens in the
coupling optical system, is in the exclusive use optical path of the first
light flux, the existence of the coupling optical system does not influence
on the temperature characteristic at the time of the recording/reproducing
for DVD using the second light flux. Accordingly, by considering only a
case where the temperature characteristic at the time of the
recording/reproducing for the high density optical disk using the first
light flux is corrected, the refractive power of the plastic lens in the
coupling optical system can be determined. According to the 14th mode of
the present invention, in the optical pick-up system written in the tenth
mode, when the optical disk for which the recording and/or reproducing of
the information is conducted by the first light flux is defined as the
first optical disk, in at least 2 kinds of optical disks whose recording
densities are different from each other, and the optical disk for which the
recording and/or reproducing of the information is conducted by the    31
second light flux is defined as the second optical disk, it is preferable
that, a magnification ml of the objective optical system for the first
light flux when the first light flux passes through the objective optical
system for recording or reproducing information onto or from the first
optical disk, and a magnification m2 of the objective optical system for
the second light flux when the second light flux passes through the
objective optical system for recording or reproducing information onto or
from the second optical disk, are approximately same, wherein the glass
lens in the coupling optical system has a negative paraxial refractive
power, and wherein Abbe's number vdN of the glass lens whose paraxial
refractive power is negative in the coupling optical system, and Abbe's
number vdP of the plastic lens whose paraxial refractive power is positive
in the coupling optical system, satisfy the following expression (2). vdP ~
vdN When the coupling optical system is designed for the first light flux,
by the influence of the chromatic aberration generated due to a case where
the refractive index is different in the first light flux and the second
light flux, the parallel light is not projected, and when the disk     32
is changed from the high density optical disk to DVD, it is necessary that
the lens constituting the coupling optical system is moved by the actuator,
and the second light flux is projected as the parallel light flux.
Accordingly, as in the 14th mode, when the coupling optical system is
structured by a glass lens whose refractive power is negative and a plastic
lens whose refractive power is positive, it is selected so that respective
Abbe's numbers satisfy the expression (2), and the chromatic aberration
between the first light flux and the second light flux is achromatized,
without a case where the lens in the coupling optical system is moved by
the actuator, the second light flux can be projected as the parallel light
flux, and control factors at the time of the recording or reproducing of
the information by DVD, can be reduced by one. According to the 15th mode
of the present invention, in the optical pick-up system written in any one
of the 9th to the 14th mode, it is preferable that coupling optical system
is a collimator optical system, and wherein when the first light flux
having a divergent angle enters onto the collimator optical system, the
collimator optical system emits a light flux parallel to an optical axis. 



t  33 According to this, when the coupling optical system is designed as a
collimator optical system by which the first light flux is projected as the
parallel light flux, even when the objective optical system conducts
tracking at the time of the recording or reproducing of the information,
the object position is not moved, and a fine tracking characteristic is
obtained. According to the 16th mode of the present invention, in the
optical pick-up system written in any one of the first to the 15th mode, it
is preferable that the objective optical system has a first plastic lens
and a second plastic lens which are arranged in that order from the first
light source side, wherein a diffractive structure is formed on at least
one of optical surfaces of the first plastic lens, wherein the diffractive
structure diffracts at least one of the first light flux and the second
light flux, and wherein a ratio of a paraxial refractive power P1 (mm 1) of
the first plastic lens for the wavelength of the first light flux and a
paraxial refractive power P2 (mm 1) of the second plastic lens for the
wavelength of the first light flux satisfy the following expression (3).
~Pl/P2~ <- 0.2 (3)    34 In order to obtain the objective optical system
which has the compatibility to a plurality of kinds of optical disks whose
recording densities are different from each other; it is necessary that the
spherical aberration due to the difference of the thickness of the
protective layer of the optical disk is corrected. In order to correct such
a spherical aberration, it is preferable that the diffractive structure is
formed on the optical surface of the objective optical system. Because the
diffractive structure has a large wavelength dependency on its optical
characteristic, when the difference of the wavelength used for the
recording/reproducing of the information is used, the spherical aberration
due to the difference of the thickness of the protective layer of the
optical disk can be corrected. However, when such a diffractive structure
is formed on the optical surface having a large refractive power in the
objective optical system, there is a problem that the transmission of the
incident light flux is lowered due to the influence of the eclipse of the
ray by the step difference portion of the diffractive structure. This
lowering of the transmission due to this eclipse of the ray is larger as
the image side numerical aperture is larger.   a  35 According to the 16th
mode, when the objective optical system is structured by 2 plastic lenses,
and the refractive power to the wavelength of the first light flux of the
first plastic lens arranged on the light source side is set so as to
satisfy the expression (3) to the second plastic lens, and the diffractive
structure is formed on the optical surface of the first plastic lens, the
influence of the eclipse of the ray by the step difference portion of the
diffractive structure can be decreased. Further, because the refractive
power to the first light flux of the objective optical system is
exclusively given to the second plastic lens, the working 



distance when the recording or reproducing of the information is conducted
on the optical disk whose protective layer is thick, such as CD, can be
secured large. According to the 17th mode of the present invention, in the
optical pick-up system, it is preferable that when the optical pick-up
system records or reproduces information onto or from the first optical
disk, an image side numerical aperture NA1 of the objective optical system,
a thickness dLz of the second plastic lens in an optical axis, and a
paraxial refractive power PLZ (mm 1) of the second plastic lens for the
wavelength of the first light flux satisfy the following expressions (4)
and (5).     36 NA1 > 0.8 (9) 0.9 < dLZ ~ PLZ < 1.3 (5) In the case where
the image side numerical aperture NA1 of the objective optical system when
the recording/reproducing is conducted on the high density optical disk, is
larger than 0.8, because the refractive power of the optical surface on the
light source side of the second plastic lens is very increased, it is
necessary that, for the purpose in which the edge thickness is secured and
the molding is easily conducted, the lens thickness dLZ on the optical axis
of the second plastic lens is set large. At this time, it is preferable
that dL2 is set, to the refractive power PLZ to the wavelength of the first
light flux, so as to satisfy the expression (5), and when it is set larger
than the lower limit of the expression (5), because the edge thickness can
be sufficiently secured, the molding is easily conducted, and when it is
set smaller than the upper limit of the expression (5), the working
distance when the recording/reproducing is conducted on the optical disk,
can be sufficiently secured. Further, in the plastic lens, generally,
because the refractive power of the optical surface on the side of the long
conjugate distance is larger than the refractive power   37 of the optical
surface of the side of the short conjugate distance, the spherical
aberration generated at the time of temperature change is largely generated
on the optical surface on the side of the longer conjugate distance.
However, as in a case at the time of the recording/reproducing on DVD, in
the case where the numerical aperture of the shorter side (optical disk
side) of the conjugate distance is not so large, when the lens thickness is
set large to the refractive power of the plastic lens, the spherical
aberration generated on the optical surface of the longer side (light
source side) of the conjugate distance at the time of temperature change,
can be decreased. As in the 17th mode, when the lens thickness dL2 on the
optical axis of the second plastic lens is set larger than the lower limit
of the expression (5), the temperature characteristic at the time of the
recording/reproducing on DVD, can be suppressed very smaller than the
temperature characteristic at the time of the recording/reproducing on the
high density optical disk. For that, even when the plastic lens whose
refractive power is positive, in the aberration correction optical system
is arranged in the common optical path between the first light flux and the
second light flux, the influence on   38 the temperature characteristic at
the time of the recording/reproducing on DVD can be made so that it is not
so much increased. According to the 18th mode of the present invention, in
the optical pick-up system written in the 17th mode, it is preferable that
when the optical pick-up system records or reproduces information onto or
from the first optical disk, the total sum E(Pi  h;z) of the product of an
image side 



numerical aperture NA1 of the objective optical system, a paraxial
refractive power Pz2 (meal) of the second plastic lens for the wavelength
of the first light flux, a magnification mL2 of the second plastic lens for
the wavelength of the first light flux, the wavelength 7~1 (mm) of the
first light flux, a ratio OSA/~T of a change of a spherical aberration to a
temperature change of the objective optical system, and a total sum E(Pi w
h~2) of a product of a paraxial refractive power P~ of the plastic lens of
the aberration correction optical system for the wavelength of the first
light flux and a square of a height h~ where a marginal ray passes, satisfy
the following expression (6). 0.5 x 10-6 < k/E(P~  h~2)< 5.5 x 10-6 (6)
where, k = (4SA/AT)  7~1  PLZ/ (NAl  (1 - mL2) ) 4    39 Furthermore, it is
further preferable that the following expression (6') is satisfied. 1.1 x
10-6 < k/E (P~  h~z) < 3.3 x 10-6 (6' ) According to this, when the
refractive power to the wavelength of the first light flux of the first
plastic lens arranged on the light source side is set, to the second
plastic lens, so as to satisfy the expression (3), the temperature
characteristic of the objective optical system is almost equal to the
temperature characteristic of the second plastic lens. Accordingly, the
change rate 4SA/~T of the spherical aberration following the temperature
change of the objective optical system at the time of the
recording/reproducing on the high density optical disk can be expressed by
the following expression (7), when k is made as a constant of
standardization, by using the image side numerical aperture NA1 of the
objective optical system, the refractive power PLz (mm 1) to the wavelength
of the first light flux of the second plastic lens, the magnification mLZ
to the wavelength of the first light flux of the second plastic lens, and
the wavelength 7~1 of the first light flux. ASA/OT = k  (NA1  (1-
mLZ))9/(~.i ~ PLZ) (3)    where, k = (~SA/4T) 40 ~i  Pz2 / ( NAi  ( 1 - mL2
) ) 4 As described above, the temperature characteristic k which is a value
in which 4SA/OT is standardized by the refractive power PL2 to the
wavelength of the first light flux of the second plastic lens, image side
numerical aperture NA, magnification mL2 to the wavelength of the first
light flux of the second plastic lens, and the wavelength ~,1 of the first
light flux, has an almost constant value For the purpose that the
temperature characteristic k of the objective optical system is corrected
by an action of the plastic lens in the aberration correction optical
system, it is necessary that, following the temperature change, the
divergent degree of the light flux projected from the aberration correction
optical system is changed by a desired amount. A change of this divergent
degree, that is, a change of defocus component of the wave-front projected
from the aberration correction optical system is proportional to the 



refractive power P; to the wavelength of the first light flux of the
plastic lens in the aberration correction optical elements, and the total
sum E(P~  h~2) of the product of a square of a passing height h~ of the
marginal ray, and a change E(P~  h~2) of the divergent degree necessary for
41 correcting the temperature characteristic k is determined corresponding
to the magnitude of the temperature characteristic k. Accordingly, a ratio
of the temperature characteristic k and E(P~  h~2), has an almost constant
value, and when it is set so as to satisfy the expression (6), the
temperature characteristic k of the objective optical system at the time of
the recording/reproducing on the high density optical disk can be finely
corrected. When a ratio of the temperature characteristic k and E(P~  h~2)
is set larger than the lower limit of the expression (6), the correction of
the temperature characteristic k is not too insufficient, and When a ratio
of the temperature characteristic k and E(P h~2) is set smaller than the
upper limit of the expression (6), the correction of the temperature
characteristic k is not too sufficient. Hereupon, the magnification mzz of
the second plastic lens to the wavelength of the first light flux is, from
the paraxial refractive power P1 (mm 1) to the wavelength of the first
light flux of the objective optical system, and the paraxial refractive
power PL1 (mm 1) to the wavelength of the    42 first light flux of the
first plastic lens, calculated by using the following expression. ML2 =
Pzi/Pi According to the 19th mode, in the optical pick-up system written in
the 17th mode or the 18th mode, it is preferable that, other than the first
light source and the second light source, it is provided with the third
light source which projects the third light flux within the range of 750 nm
to 800 nm. In this case, it is preferable that the aberration correction
optical system is arranged in a common optical path of the first light
flux, second light flux and third light flux. According to this, because
the plastic lens in the aberration correction optical system is in the
common optical path of the first light flux, second light flux and third
light flux, when the objective optical system has the temperature
characteristic in which the spherical aberration changes to over correction
direction following the temperature rise at the time of the
recording/reproducing of DVD, also the temperature characteristic at the
time of the recording/reproducing on DVD can be corrected, and when the
objective optical system has the temperature characteristic in which the
spherical aberration changes to over correction    43 direction following
the temperature rise at the time of the recording/reproducing of CD, also
the temperature characteristic at the time of the recording/reproducing on
CD can be corrected. Further, when the lens constituting the aberration
correction optical system is structured so that it can be moved by the
actuator, the spherical aberration can be corrected at the time of the
recording/reproducing not only for the high density optical disk, but also
for DVD and CD. Further, it is preferable that the first light source,
second light source and third light source are a packaged light source
unit. According to this, it is advantageous for the reduction of the number
of parts, cost reduction, and size reduction. On the one hand, in the case
where the optical pick-up 



system is provided with the first - third light sources, it is preferable
that the optical pick-up system further has a beam combiner which is
arranged in the optical path between the aberration correction optical
system and the objective optical system, for leading an optical path of the
first light flux, an optical path of the second light flux and an optical
path of the third light flux into a common optical path.    94 According to
this, in the objective optical system as in the 17th mode or the 18th mode,
for the purpose that the compatibility is given also to CD, it is
preferable that the third light flux used for the recording/reproducing is
made incident on the objective optical system as the divergent light flux.
Thereby, the working distance to CD whose protective layer is thick, can be
secured enough. In this case, as the structure of the optical pick-up
system, it is preferable that the beam combiner for leading an optical path
of the first light flux, an optical path of the second light flux and an
optical path of the third light flux into a common optical path, is
arranged in the optical path between the aberration correction optical
system and the objective optical system. According to the 20th mode of the
present invention, in the optical pick-up system written in the third or
tenth mode, it is preferable that the first light source and the second
light source are a packaged light source unit. According to this, when the
aberration correction optical element is arranged in the common optical
path of the first light flux and the second light flux, the package laser
of the first light source and the second light source can be   Y 45 used,
and this is advantageous for the reduction of the number of parts, cost
reduction, and the size reduction. According to the 21st mode of the
present invention, in the optical pick-up device which is structured by: at
least 2 kinds of light sources of the first light source projecting the
first light flux less than 950 nm, the second light source projecting the
second light flux within the range of 630 nm to 680 nm, whose wavelengths
are different from each other; and the optical pick-up system for
light-converging the light flux projected from at least 2 kinds of light
sources whose wavelengths are different from each other, onto the
information recording surface of at least 2 kinds of optical disks whose
recording densities are different from each other, it is preferable that
the optical pick-up system is structured by the objective optical system
arranged opposing to the optical disk, and the aberration correction
optical system which is arranged in the optical path between the first
light source and the objective optical system and structured by at least 2
lens groups, and as the optical pick-up system, it is provided with the
optical pick-up system written in any one of the first to the 20th mode.
According to this, the same effect as any one of the first to 20th modes,
can be obtained.   46 According to the 22nd mode of the present invention,
in the optical pick-up device written in the 21st mode, in at least 2 kinds
of optical disks whose recording densities are different from each other,
when the optical disk on which the recording and/or reproducing is
conducted by the first light flux, is defined as the first optical disk, it
is preferable that the optical pick-up device further comprises a light
detector for detecting the reflection light flux of the first light flux
from the information recording surface of the first optical disk. Further,
it is preferable that the first light flux reflected by the information
recording surface of the first optical disk is incident on the light
detector, after transmitting a11 plastic lenses in the objective optical
system and aberration correction optical system. According to this, it is
preferable that this light detector is arranged in the optical pick-up
device so that, after the reflected light flux from the information
recording surface of the high density optical disk transmits all plastic
lenses in the objective optical system and the aberration correction
optical system, it is incident on the optical detector for the high density
optical disk. Thereby, even when the environmental temperature changes,
because the conjugate relationship of the light source and the light  



a 97 detector can be constant, the signal detection by the light detector
for the high density optical disk can be finely conducted. According to the
23rd mode of the present invention, in the optical pick-up device written
in the 21st or 22nd mode, it is preferable that the optical pick-up device
further comprises an actuator for driving at least one lens in the
aberration correction optical system in the optical axis direction, and
wherein a position of the object point of the objective optical system for
the first light flux is changeably adjusted in the optical axis direction
by driving the at least one lens in the aberration correction optical
system in the optical axis direction with the actuator. According to this,
when it is structured such that the lens in the aberration correction
optical system can be driven in the optical axis direction, because the
spherical aberration generated due to the focus jump between layers of
multi-layer-disk such as 2-layer disk, 4-layer disk, wavelength fluctuation
by the production error of the blue violet semiconductor laser light
source, can be corrected, a good recording/reproducing characteristic to
the high density optical disk can be obtained.    48 Further, although the
spherical aberration generated due to the focus jump between recording
layers of the multilayer-disk is generated when the distance between
recording layers, image side numerical aperture of the objective optical
system, and wavelength at the time of the recording/reproducing, are made
as parameters, these parameters are determined by the standard of the
optical disk. Accordingly, in the spherical aberration generated at the
time of the focus jump, because its amount is determined by the kind of
optical disk, the moving amount of the movable lens in the aberration
correction optical system necessary at the time of the focus jump is
uniquely determined by the kind of optical disk and the specification of
the aberration correction optical system. That is, at the time of focus
jump between recording layers of the multi-layer-disk, the spherical
aberration detection means for detecting the spherical aberration is not
necessary, and it is allowable when the kind of optical disk and the
direction of the focus jump (for example, the 1st layer to the 2nd layer,
or the 2nd layer to the 1st layer) are detected, and in the direction
determined by the result, the movable lens is moved by a determined amount.
49 Further, because it is allowable when, for the spherical aberration
generated due to the wavelength fluctuation by the production error of the
blue violet semiconductor laser light source, in the production process of
the optical pick-up device, the position of the movable lens is adjusted,
it is not necessary that it is corrected at the time of the
recording/reproducing on the high density optical disk. From the above
description, in the optical pick-up device in which the optical pick-up
system according to the present invention is mounted, because the spherical
aberration change following the temperature change generated at the time of
the recording/reproducing on the high density optical disk, is
automatically corrected by the action of plastic lens in the aberration
correction optical system, the spherical aberration detection means, and a
complex control circuit for controlling the actuator of the movable lens
corresponding to the detection result of the spherical aberration detection
means, are not necessary, and the structure of the optical pick-up device
becomes simple, and the cost reduction can be realized. According to the
24th mode of the present invention, it is preferable that it is an optical
information recording    50 and/or reproducing apparatus in which the
optical pick-up device written in any one of the 21st to the 23rd mode, is
mounted. Further, it is preferable that the apparatus has a disk holder.
According to this, the same effect as any one of the 21st to the 23rd mode
is obtained. Referring to the drawings, the best mode for carrying out the
present invention will be detailed below. (The first embodiment) Fig. 1 is
a view generally showing a structure of the first optical pick-up device
PUl by which the recording/reproducing of the information can be adequately



conducted on any one of the high density optical disk HD (the first optical
disk), DVD (the second optical disk) and CD (the third optical disk). The
optical specification of the high density optical disk HD is the wavelength
~1 = 408 nm, thickness tl of the protective layer PL1 = 0.0875 mm,
numerical aperture NA1 = 0.85, and the optical specification of DVD is the
wavelength ~2 = 658 nm, thickness t2 of the protective layer PL2 = 0.6 mm,
numerical aperture NA2 = 0.67, and the optical specification of CD is the
wavelength ~3 = 785 nm, thickness t3 of the protective layer PL3 = 1.2 mm,
51 numerical aperture NA3 = 0.51. However, a combination of the wavelength,
thickness of the protective layer, and numerical aperture, is not limited
to this. The optical pick-up device PU1 is structured by: the blue violet
semiconductor laser LD1 (the first light source) projecting the laser light
flux (the first light flux) of 408 nm which is light-emitted when the
recording/reproducing of the information is conducted on the high density
optical disk HD; red semiconductor laser LD2 (the second light source)
projecting the laser light flux (the second light flux) of 658 nm which is
light-emitted when the recording/reproducing of the information is
conducted on DVD; light detector PD12 common to the first light flux and
the second light flux; CD use module MD3 in which the infrared
semiconductor laser LD3 (the third light source) projecting the laser light
flux (the third light flux) of 785 nm which is light-emitted when the
recording/reproducing of the information is conducted on CD, and the light
detector PD3 are integrated; beam expander optical system EXP as the
aberration correction optical system; one-axis actuator UAC; objective
optical system OBJ having a function by which each of laser light fluxes is
light-converged on the information recording surfaces RL1, RL2, RL3;
two-axis actuator AC; the first beam combiner BC1;   52 second beam
combiner BC2; third beam combiner BC3; first collimator optical system
COL1; second collimator optical system COL2; stop STO; and sensor lens SEN.
The beam expander optical system is structured by a glass lens (the first
lens EXP1) whose paraxial refractive power is negative, and a plastic lens
(the second lens EXP2) whose paraxial refractive power is positive, and
arranged in the common optical path of the first light flux and the second
light flux. In the optical pick-up device PU1, when the
recording/reproducing of the information is conducted on the high density
optical disk HD, as the path of ray is shown by a solid line in Fig. l,
initially, the blue violet semiconductor laser LD1 is light-emitted. After
the divergent light flux projected from the blue violet semiconductor laser
LD1 is converted into the parallel light flux by transmitting the first
collimator optical system COL1, it transmits the first and the second beam
combiners BC1 and BC2, first lens EXP1, second lens EXP2, third beam
combiner BC3, in order, and becomes a spot formed on the information
recording surface RL1 through the protective 



layer PLl of the high density optical disk HD by the objective optical
system OBJ.    53 Hereupon, the details of the objective optical system OBJ
will be described later. Then, the objective optical system OBJ conducts
focusing or tracking by the 2-axis actuator AC arranged in its periphery.
The reflected light flux modulated by the information pit on the
information recording surface RL1 transmits again the objective optical
system OBJ, the third beam combiner BC3, the second lens EXP2 and the first
lens EXP1 of the beam expander optical system EXP, and is branched by the
second beam combiner BC2, passes the sensor lens SEN, and is converged on
the light receiving surface of the light detector PD12. Then, by using the
output signal of the light detector PD12, the information recorded in the
high density optical disk HD can be read. Further, when the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 1, initially, the red
semiconductor laser LD2 is light-emitted. The divergent light flux
projected from the red semiconductor laser LD2 is reflected by the first
beam combiner BC1, transmits the second beam combiner BC2, first lens EXP1,
second lens EXP2, third beam combiner BC3, in order, and becomes a spot
formed on the   r  54 information recording surface RZ2 by the objective
optical system OBJ through the protective layer of DVD. Then, the objective
optical system OBJ conducts the focusing or tracking by 2-axis actuator AC
arranged in the periphery of it. The reflected light flux modulated by the
information pit on the information recording surface RL2 transmits again
the objective optical system OBJ, the third beam combiner BC3, second lens
EXP2, first lens EXP1, and is branched by the second beam combiner BC2,
passes the sensor lens SEN, and is converged on the light receiving surface
of the light detector PD12. Then, by using the output signal of the light
detector PD12, the information recorded in DVD can be read. Further, when
the recording/reproducing of the information is conducted on CD, as the
path of ray is shown by 2-dot chain line in Fig. 1, the CD use module MD3
is actuated and the infrared semiconductor laser LD3 is lightemitted. The
divergent light flux projected from the infrared semiconductor laser LD3
becomes a spot formed on the information recording surface RL3 by the
objective optical system OBJ through the protective layer of CD, after it
is reflected by the third beam combiner BC3. The objective optical system
OBJ conducts the focusing or tracking by the   1  55 2-axis actuator AC
arranged in the periphery of it. The reflected light flux modulated by the
information pit on the information recording surface RL3 is, after it
transmits again the objective optical system OBJ, reflected by the third
beam combiner BC3, and is converged on the light receiving surface of the
light detector PD3 of the CD use module MD3. Then, by using the output
signal of the light detector PD3, the information recorded in CD can be
read. Further, in the present embodiment, a package light source unit in
which the blue violet semiconductor laser LD1 and the red semiconductor
laser LD2 are integrated, and housed in a casing, can also be used. In this
case, the first beam combiner BC1 can be deleted, and for example, the
second collimator optical system COL2 can be deleted. Next, the structure
of the objective optical system OBJ will be described. Hereupon, the
objective optical system OBJ is the same structure also in the second - the
fourth, and the sixth - the ninth embodiments, which will be 



described later. The objective optical system OBJ is structured, as shown
in Fig. 2 and Fig. 3, by the aberration correction element L1 and the light
collecting element L2 both surfaces of which are aspheric surfaces, having
a function for     56 collecting the laser light flux which transmits this
aberration correction element L1, on the information recording surface of
the optical disk. Both of the aberration correction element Ll and the
light collecting element L2 are plastic lenses, and in the periphery of
respective optical function sections, flange sections FL1, FL2 which are
integrally molded with the optical function section, are formed, and when
mutual one-portions of such flange sections FL1, FL2 are engaged, they are
integrated. Hereupon, in the present embodiment, when mutual respective
flange sections are engaged, the aberration correction element L1 and the
light collecting element L2 are integrally structured, however, the
integration of the aberration correction element L1 and the light
collecting element L2 may be allowable when they are held so that the
relative position relationships of them are constant, and for example, the
structure in which the aberration correction element L1 and the light
collecting element L2 are integrated through a mirror flame, may also be
allowable. The optical function surface S1 on the light source side of the
aberration correction element L1 is, as shown in Fig. 3(a), is divided into
the first area AREA1 corresponding to an area to the numerical aperture
0.67 of DVD, and the     57 second area AREA2 corresponding to an area from
the numerical aperture 0.67 of DVD to the numerical aperture 0.85 of the
high density optical disk HD, and as shown in Fig. 2(a), the step type
diffractive structure HOE which is the structure in which a plurality of
ring-shaped zones inside of which the step structure is formed, are
arranged around the optical axis, is formed in the first area AREAl. In the
step type diffractive structure HOE formed in the first area AREA1, the
depth d0 per one step of the step structure formed in each ring-shaped zone
is set to a value calculated by d0 = 2 x ~1/(nl - 1) ()un), and the number
of divisions N of each ring-shaped zone is set to 5. However, ~1 is a value
in which the wavelength of the laser light flux projected from the blue
violet semiconductor laser is expressed in micron unit, (herein, ~1 = 0.408
Eun), nl is the refractive index to the wavelength ~1 of the aberration
correction element L1 (herein, nl = 1.5242). When, on this step type
diffractive structure HOE, the laser light flux of wavelength ~1 is
incident, the optical path difference of 2 x ~1 (wm) is generated between
adjoining steps, and because, to the laser light flux of wavelength ~1,
practically the phase difference is not given, the laser  



V 58 light flux transmits without being diffracted, as it is. Hereupon, in
the following description, the light flux which transmits as it is, without
the phase difference being given practically, by the step type diffractive
structure, is referred to as 0-order diffraction light. On the one hand,
when, on this step type diffractive structure HOE, the laser light flux of
wavelength ~2 (herein, ~2 = 0.658 Vin) projected from the red semiconductor
laser is incident, the optical path difference of d0 x (n2 - 1) - ~2 = 0.13
~m is generated between adjoining steps, and because, in one segment of
ring-shaped zone divided into 5, the optical path difference for one
wavelength segment of ~2 such as 0.13 x 5 =0.65 Win, is generated, the
wave-front transmitted the adjoining ring-shaped zones is superimposed
respectively being shifted by one wavelength. That is, by this step type
diffractive structure HOE, the light flux of wavelength ~2 becomes a
diffraction light diffracted in one-order direction. Hereupon, n2 is a
refractive index to the wavelength ~2 of the aberration correction element
L2 (herein, n2 = 1.5064). The diffraction efficiency of the one order
diffraction light of the laser light flux of wavelength ~2 is 87.5 0, and
is a sufficient light amount for the   v 59 recording/reproducing of the
information on DVD. In the objective optical system OBJ, by an action of
the step type diffractive structure HOE, the spherical aberration due to
the difference of thickness of the protective layers of the high density
optical disk and DVD, is corrected. Further, when, on this step type
diffractive structure, the laser light flux of wavelength ~3 (herein, ~3 =
0.785 Vim) is incident, because ~3 ~ 2 x ~1, the optical path difference of
1 x ~3 (gym) is generated between adjoining steps, and also to the laser
light flux of wavelength ~3, in the same manner as in the laser light flux
of wavelength ~1, because the phase difference is not practically given, it
transmits as it is, without being diffracted, (0-order diffraction light).
In the objective optical system OBJ, when the magnifications to wavelength
~1 and wavelength ~3 are made different, the spherical aberration due to
the difference of thickness of protective layers of the high density
optical disk HD and CD, is corrected. Further, in the objective optical
system OBJ of the 1st - 4th and 6th - 8th embodiments, the optical function
surface S2 on the optical disk side of the aberration correction element L1
is, as shown in Fig. 3(c), divided into the third   60 area AREA3 including
the optical axis corresponding to an area within the numerical aperture
0.67 of DVD, and the fourth area AREA4 corresponding to an area from the
numerical aperture 0.67 of DVD to the numerical aperture 0.85 of the 



high density optical disk HD, and a blaze type diffractive structure DOE1
is formed in the third area AREA3, and a blaze type diffractive structure
DOE2 is formed in the fourth area AREA4. The blaze type diffractive
structures DOEl and DOE2 are structures for correcting the chromatic
aberration of the objective optical system OBJ in the blue violet area.
Hereupon, in the objective optical system OBJ of the ninth embodiment, the
optical function surface S2 on the optical disk side of the aberration
correction element L1 is an aspheric surface having the convex shape on the
optical disk side in a paraxial portion. Further, the optical pick-up
device in each embodiment is designed, when the recording and/or
reproducing of the information is conducted on the first optical disk, so
that the change rate ~SA/OT of the spherical aberration following the
temperature change of the objective optical system satisfies the above
expression (1).    61 Thereby, when, to the change rate ~SA/~T of the
spherical aberration following the temperature change of the objective
optical system OBJ, the refractive index of the plastic lens in the
aberration correction optical system is adequately set, the spherical
aberration changing in the over correction direction by the influence of
the lowering of refractive index of the plastic lens in the objective
optical system, and the spherical aberration changing in the under
correction direction by the magnification change of the objective optical
system, can be cancelled out. Accordingly, because it is not necessary that
the lens in the aberration correction optical system is moved following the
temperature change in the recording/reproducing of the high density optical
disk, by the actuator, and the temperature characteristic of the objective
optical system is corrected, the structure of the compatible type optical
device can be made simple. Further, because the refractive power of the
plastic lens in the aberration correction optical system is uniquely
determined depending on the temperature characteristic of the objective
optical system, when the aberration correction optical system is structured
only by the plastic lenses, the degree of freedom for determining the
paraxial amount such as    62  the magnification of the aberration
correction optical system is insufficient, however, in the optical pick-up
device of the present embodiment, because the refractive power of the glass
lens which is not affected by influence of the temperature change, arranged
in the aberration correction optical system, can be freely selected, it can
cope with various specifications of the aberration correction optical
system. Further, in the 1st - fifth embodiments, when a pair of optical
elements of a beam shaping prism are arranged in the optical path between
the collimator optical system (COL, COL1, COL2, COL3) and the beam expander
optical system EXP, it is preferable that the first collimator optical
system COL1 is structured by a glass lens. Thereby, because the degree of
the parallel of the light flux projected from the first collimator optical
system COL1, is constant for the temperature change, even when the
temperature change is generated, the astigmatism is not generated. Further,
in the optical pick-up device PU1 in the present embodiment, because the
beam expander optical system EXP is arranged in the common optical path of
the first light flux and the second light flux, the temperature
characteristic can be corrected also at the time of the   63
recording/reproducing on DVD using the second light flux. Further, when the
first lens EXP1 of the beam expander optical system EXP is moved by the one
axis actuator UAC, not only at the time of the recording/reproducing on the
high density optical disk, but also at the time of the
recording/reproducing on DVD, the spherical aberration can be corrected.
(The second embodiment) Next, the second embodiment of the present
invention will be described, however, the same structure as in the first
embodiment is denoted by the same sign, and the description is neglected. 



As shown in Fig. 4, the optical pick-up device PU2 is structured by: the
blue violet semiconductor laser LDl projecting the first light flux; light
detector PDl, DVD use module MD2 into which the red semiconductor laser LD2
projecting the second light flux and the light detector PD2 are integrated;
CD use module MD3 into which the red semiconductor laser LD3 and the light
detector PD3 are integrated; beam expander optical system EXP as the
aberration correction optical system; one axis actuator UAC; objective
optical system OBJ; 2-axis actuator AC; first beam    64 combiner BC1;
second beam combiner BC2; third beam combiner BC3; and collimator optical
system COL. Then, in the optical pick-up device PUE in the present
embodiment, the collimator optical system COL; a glass lens whose paraxial
refractive power is negative, (the first lens EXP1) in the beam expander
optical system EXP; second beam combiner BC2; a plastic lens (the second
lens EXP2) whose paraxial refractive power is positive, in the beam
expander optical system EXP; and objective optical system OBJ, are arranged
in order, from the blue violet semiconductor laser LD1 side. In the optical
pick-up device PU2, when the recording/reproducing of the information is
conducted on the high density optical disk HD, as the path of ray is shown
by a solid line in Fig. 4, initially, the blue violet semiconductor laser
LD1 is light-emitted. When the divergent light flux projected from the blue
violet semiconductor laser LDl passes the first beam combiner BC1, and
transmits the collimator optical system COL, after it is converted into a
parallel light flux, it passes the first lens EXP1, second beam combiner
BC2, second lens EXP2, third beam combiner BC3, in order, and becomes a
spot formed on the information recording surface RL1 through the protective
layer PL1 of the    65 high density optical disk HD by the objective
optical system OBJ. Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator arranged in the periphery of
it. The reflected light flux modulated by an information pit on the
information recording surface RL1, transmits again the objective optical
system OBJ, third beam combiner BC3, second lens EXP2, second beam combiner
BC2, first lens EXP1, and collimator optical system COL, and is branched by
the first beam combiner BCl, passes the sensor lens SEN, and converged on
the light receiving surface of the light detector PD1. Then, by using the
output signal of the light detector PD1, the information recorded in the
high density optical disk HD can be read. Further, when the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 4, initially, the red
semiconductor laser is light-emitted. The divergent light flux projected
from the red semiconductor laser LD2 is reflected by the second beam
combiner BC2, and after converted into a parallel light flux in the second
lens EXP2, passes the third beam combiner BC3 in order, and becomes a spot
formed on the    66 information recording surface RL2 through the
protective layer PL2 of DVD by the objective optical system OBJ. 



Then, the objective optical system OBJ conducts the focusing or tracking by
the 2-axis actuator AC arranged in the periphery of it. The reflected light
flux modulated by an information pit on the information recording surface
RL2, passes again the objective optical system OBJ, third beam combiner
BC3, second lens EXP2, and is branched by the second beam combiner BC2, and
converged on the light receiving surface of the light detector PD2. Then,
by using the output signal of the light detector PD2, the information
recorded in DVD can be read. Further, when the recording/reproducing of the
information is conducted on CD, as the path of ray is shown by a two-dotted
chain line in Fig. 4, the CD use module MD3 is actuated and the red
semiconductor laser LD3 is lightemitted. The divergent light flux projected
from the red semiconductor laser LD3, after it is reflected by the third
beam combiner BC3, becomes a spot formed on the information recording
surface RL3 through the protective layer PL3 of CD by the objective optical
system OBJ. The objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected    67 light flux modulated by an information pit on the
information recording surface RL3, after it passes again the objective
optical system OBJ, is reflected by the third beam combiner BC3, and
converged on the light receiving surface of the light detector PD3 of the
CD use module MD3. Then, by using the output signal of the light detector
PD3, the information recorded in CD can be read. In the optical pick-up
device PU2 in the present embodiment, because the plastic lens (the second
lens EXP2) in the beam expander optical system EXP is in the common optical
path of the first light flux and the second light flux, when the objective
optical system OBJ has the temperature characteristic in which the
spherical aberration changes in the over correction direction following the
temperature rise at the time of the recording/reproducing of DVD, by the
action of the second lens EXP2, also the temperature characteristic at the
time of the recording/reproducing on DVD can be corrected. Further, because
the second lens EXP2 serves both as the collimator optical system of the
second light flux, the number of parts can be reduced. Further, when the
plastic lens (the second lens EXP2) is made so that it can be moved by the
actuator, not only at the time of the recording/reproducing on the high
68 density optical disk, but also at the time of the recording/reproducing
on DVD, the spherical aberration can be corrected. (The third embodiment)
Next, the third embodiment of the present invention will be described,
however, the same structure as the first embodiment is denoted by the same
sign and the description is neglected. As shown in Fig. 5, the optical
pick-up device PU3 is structured by: the blue violet semiconductor laser
LD1 projecting the first light flux; light detector PD1, DVD use module MD2
into which the red semiconductor laser LD2 projecting the second light
flux, and light detector PD2 are 



integrated; CD use module MD3 into which the infrared semiconductor laser
LD3 and light detector PD3 are integrated; beam expander optical system EXP
as the aberration correction optical system; one axis actuator UAC;
objective optical system OBJ; 2-axis actuator AC: the first beam combiner
BC1; second beam combiner BC2; third beam combiner BC3; collimator optical
system COL; and coupling optical system CUL3. Then, in the optical pick-up
device PU3 in the present embodiment, the collimator optical system COL,
plastic lens   1 1 69 (the second lens EXP2) whose paraxial refractive
power is positive, in the beam expander optical system EXP, second beam
combiner BC2, glass lens (the first lens EXP1) whose paraxial refractive
power is negative, in the beam expander optical system EXP, and the
objective optical system OBJ, are arranged in order from the blue violet
semiconductor laser LD1 side. In the optical pick-up device PU3, when the
recording/reproducing of the information is conducted on the high density
optical disk HD, as its path of ray is shown by a solid line in Fig. 5,
initially, the blue violet semiconductor laser LDl is light-emitted. The
divergent light flux projected from the blue violet semiconductor laser LD1
passes the first beam combiner BC1, and after converted into the parallel
light flux by passing the collimator optical system COL, passes the second
lens EXP2, second beam combiner BC2, first lens EXP1, and third beam
combiner BC3, in order, and becomes a spot formed on the information
recording surface RLl through the protective layer PL1 of the high density
optical disk HD by the objective optical system OBJ. Then, the objective
optical system OBJ conducts the focusing or tracking, by the 2-axis
actuator AC arranged in     ~o its periphery. The reflected light flux
modulated by an information pit on the information recording surface RL1,
transmits again the objective optical system OBJ, the third beam combiner
BC3, first lens EXP1, second beam combiner BC2, second lens EXP2, and
collimator optical system COL, and is branched by the first beam combiner
BCl, passes the sensor lens SEN, and is converged on the light receiving
surface of the light detector PD1. Then, by using the output signal of the
light detector PD1, the information recorded in the high density optical
disk HD can be read. Further, when the recording/reproducing of the
information is conducted on DVD, as the path of ray is shown by a dotted
line in Fig. 5, initially, the red semiconductor laser is light-emitted.
The divergent light flux projected from the red semiconductor laser LD2
passes the coupling optical system CUL3, is reflected by the second beam
combiner BC2, and after converted into a parallel light flux in the first
lens EXP1, passes the third beam combiner BC3, and 



becomes a spot formed on the information recording surface RL2 through the
protective layer PL2 of DVD by the objective optical system OBJ. Then, the
objective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in    1  the periphery of it. The reflected
light flux modulated by an information pit on the information recording
surface RL2, passes again the objective optical system OBJ, third beam
combiner BC3, first lens EXP1, and is branched by the second beam combiner
BC2, passes the coupling optical system CUL3 and converged on the light
receiving surface of the light detector PD2. Then, by using the output
signal of the light detector PD2, the information recorded in DVD can be
read. Further, when the recording/reproducing of the information is
conducted on CD, as the path of ray is shown by a two-dotted chain line in
Fig. 5, the CD use module is actuated and the red semiconductor laser LD3
is light emitted. The divergent light flux projected from the red
semiconductor laser LD3, after it is reflected by the third beam combiner
BC3, becomes a spot formed on the information recording surface RL3 through
the protective layer PL3 of CD by the objective optical system OBJ. The
objective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in the periphery of it. The reflected light
flux modulated by an information pit on the information recording surface
RL3, after it passes again the objective optical system OBJ, is reflected
by the third beam combiner BC3, and converged on the light receiving
surface of the    72 light detector PD3 of the CD use module MD3. Then, by
using the output signal of the light detector PD3, the information recorded
in CD can be read. In the optical pick-up device PU3 in the present
embodiment, because the plastic lens (the second lens EXP2) in the beam
expander optical system EXP is in the exclusive use optical path of the
first light flux, the existence of the beam expander optical system EXP
does not affect the temperature characteristic at the time of the
recording/reproducing on DVD using the second light flux. Accordingly, by
considering only that the temperature characteristic at the time of the
recording/reproducing on the high density optical disk using the first
light flux is corrected, the refractive power of the plastic lens (the
second lens EXP2) can be determined. Further, when the glass lens (the
first lens EXP1) is moved by the one axis actuator UAC, not only at the
time of the recording/reproducing on the high density optical disk, but
also at the time of the recording/reproducing on DVD, the spherical
aberration can be corrected. (The fourth embodiment) Next, the fourth
embodiment of the present invention will be described, however, the same
structure as the first    



73 embodiment is denoted by the same sign and the description is neglected.
As shown in Fig. 6, the optical pick-up device PU4 is structured by: the
high density optical disk use module MD1 into which the blue violet
semiconductor laser LD1 projecting the first light flux and light detector
PD1 are integrated; DVD use module MD2 into which the red semiconductor
laser LD2 projecting the second light flux, and light detector PD2 are
integrated; CD use module MD3 into which the infrared semiconductor laser
LD3 projecting the third light flux and light detector PD3 are integrated;
beam expander optical system EXP as the aberration correction optical
system; one axis actuator UAC; objective optical system OBJ; 2-axis
actuator AC; the first beam combiner BC1; second beam combiner BC2; first
collimator optical system COL1; and second collimator optical system COL2.
In the optical pick-up system in the present embodiment, the beam expander
optical system EXP is arranged in the exclusive use optical path of the
first light flux. Ln the optical pick-up device PU9, when the
recording/reproducing of the information is conducted on the high density
optical disk HD, as its path of ray is shown by a solid line in Fig. 6,
initially, the blue violet   74 semiconductor laser LD1 is light-emitted.
The divergent light flux projected from the blue violet semiconductor laser
LDl, after converted into the parallel light flux by passing the first
collimator optical system, passes the first lens EXP1 (glass lens whose
paraxial refractive power is negative), second lens EXP2 (plastic lens
whose paraxial refractive power is positive), the first beam combiner BC1,
second beam combiner BC2, in order, and becomes a spot formed on the
information recording surface RL1 through the protective layer PLl of the
high density optical disk HD by the objective optical system OBJ. Then, the
objective optical system OBJ conducts the focusing or tracking, by the
2-axis actuator AC arranged in its periphery. The reflected light flux
modulated by an information pit on the information recording surface RL1,
transmits again the objective optical system OBJ, the second beam combiner
BC2, first beam combiner BC1, second lens EXP2, first lens EXP1, and first
collimator optical system COL, and is converged on the light receiving
surface of the light detector PD1. Then, by using the output signal of the
light detector PD1, the information recorded in the high density optical
disk HD can be read.    75 Further, when the recording/reproducing of the
information is conducted on DVD, as the path of ray is shown by a dotted
line in Fig. 6, initially, the red semiconductor laser LD2 is
light-emitted. The divergent light flux projected from the red
semiconductor laser LD2, after it is converted into a parallel light flux
when it transmits the second collimator optical system CDL2, is reflected
by the first beam combiner BC1, passes the second beam combiner BC2, and
becomes a spot formed on the information recording surface RL2 through the
protective layer PL2 of DVD by the objective optical system OBJ. Then, the
objective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in the periphery of it. The reflected light
flux modulated by an information pit on the information recording surface
RL2, passes again the objective optical system OBJ, second beam combiner
BC2, and is branched by the first beam combiner BC1, when it passes the
collimator optical system COL2, after it is converted into converging light
flux, it is converged on the light receiving surface of the light detector
PD2. Then, by using the output signal of the light detector PD2, the
information recorded in DVD can be read.   76 Further, when the
recording/reproducing of the information is conducted on CD, as the path of
ray is shown 



by a two-dotted chain line in Fig. 6, the CD use module MD3 is actuated and
the infrared semiconductor laser LD3 is light-emitted. The divergent light
flux projected from the infrared semiconductor laser LD3, after it is
reflected by the second beam combiner BC2, becomes a spot formed on the
information recording surface RL3 through the protective layer PL3 of CD by
the objective optical system OBJ. The objective optical system OBJ conducts
the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux modulated by an information pit
on the information recording surface RL3, after it transmits again the
objective optical system OBJ, is reflected by the second beam combiner BC2,
and converged on the light receiving surface of the light detector PD3 of
the CD use module MD3. Then, by using the output signal of the light
detector PD3, the information recorded in CD can be read. In the optical
pick-up device PU4 in the present embodiment, because the plastic lens (the
second lens EXP2) in the beam expander optical system EXP is in the
exclusive use optical path of the first light flux, the existence of   r 77
the beam expander optical system EXP does not affect the temperature
characteristic at the time of the recording/reproducing on DVD using the
second light flux. Accordingly, by considering only a case where the
temperature characteristic at the time of the recording/reproducing on the
high density optical disk using the first light flux is corrected, the
refractive power of the plastic lens (the second lens EXP2) can be
determined. (The fifth embodiment) In the optical pick-up device PU5 in the
present embodiment, the optical specification of the high density optical
disk HD is the wavelength ~1 = 407 nm, thickness t1 of the protective layer
PL1 = 0.6 mm, numerical aperture NA1 = 0.67, and the optical specification
of DVD is the wavelength ~2 = 655 nm, thickness t2 of the protective layer
PL2 = 0.6 mm, numerical aperture NA2 = 0.66, and the optical specification
of CD is, the wavelength ~3 = 785 nm, thickness t3 of the protective layer
PL3 = 1.2 mm, and numerical aperture NA3 = 0.51. However, the combination
of the wavelength, thickness of the protective layer, and numerical
aperture, is not limited to this.   f  As shown in Fig. 7, the optical
pick-up device PU5 is structured by: the blue violet semiconductor laser
LD1 projecting the first light flux; red semiconductor laser LD2 projecting
the second light flux; infrared semiconductor laser LD3 projecting the
third light flux; light detector PD123 common to the first - third light
fluxes; beam expander optical system EXP as the aberration correction
optical system; one axis actuator UAC; objective optical system OBJ'; first
beam combiner BCl; second beam combiner BC2; third beam combiner BC3; first
collimator optical system COL1; second collimator optical system COL2; and
third collimator optical system COL3. In the optical pick-up system in the
present embodiment, the beam expander optical system EXP is arranged in the
common optical path of the first light flux, second light flux and third
light flux. In the optical pick-up device PUS, when the
recording/reproducing of the information is conducted on the high density
optical disk HD, as the path of ray is shown by a solid line in Fig. 7,
initially, the blue violet semiconductor laser LDl is light-emitted. When
the divergent light flux projected from the blue violet semiconductor laser
LD1, after it is converted into a parallel light flux when it    79
transmits the first collimator optical system COL1, passes the first beam
combiner BC1, second beam combiner BC2, third beam combiner BC3, first lens
EXP1 (glass lens whose paraxial 



refractive power is negative), second lens EXP2 (plastic lens whose
paraxial refractive power is positive), in order, and becomes a spot formed
on the information recording surface RL1 through the protective layer PL1
of the high density optical disk HD by the objective optical system OBJ'
Then, the objective optical system OBJ' conducts the focusing or tracking
by the 2-axis actuator arranged in the periphery of it. The reflected light
flux modulated by an information pit on the information recording surface
RL1, passes again the objective optical system OBJ', second lens EXP2,
first lens EXP1, and is branched by the third beam combiner BC3, passes the
sensor lens SEN, and converged on the light receiving surface of the light
detector PD123. Then, by using the output signal of the light detector
PD123, the information recorded in the high density optical disk HD can be
read. Further, when the recording/reproducing of the information is
conducted on DVD, as the path of ray is shown by a dotted line in Fig. 7,
initially, the red semiconductor laser LD2 is light-emitted. The divergent
light flux    80 projected from the red semiconductor laser LD2, after it
is converted into a parallel light flux by transmitting the second
collimator optical system COL2, is reflected by the first beam combiner
BC1, passes the second beam combiner BC2, third beam combiner BC3, first
lens EXP1, second lens EXP2, in order, and becomes a spot formed on the
information recording surface RL2 through the protective layer PL2 of DVD
by the objective optical system OBJ'. Then, the objective optical system
OBJ' conducts the focusing or tracking by the 2-axis actuator AC arranged
in the periphery of it. The reflected light flux modulated by an
information pit on the information recording surface RL2, passes again the
objective optical system OBJ', second lens EXP2, first lens EXP1, and is
branched by the third beam combiner BC3, passes the sensor lens SEN, and it
is converged on the light receiving surface of the light detector PD123.
Then, by using the output signal of the light detector PD123, the
information recorded in DVD can be read. Further, when the
recording/reproducing of the information is conducted on CD, as the path of
ray is shown by a two-dotted chain line in Fig. 7, initially, the infrared
semiconductor LD3 is light-emitted. The divergent light flux projected from
the infrared semiconductor laser LD3, after it     is converted into a
parallel light flux by passing the third collimator optical system COL3, is
reflected by the third beam combiner BC3, passes the first lens EXP1,
second lens EXP2, in order, and becomes a spot formed on the information
recording surface RL3 through the protective layer PL3 of CD by the
objective optical system OBJ'. The objective optical system OBJ' conducts
the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux modulated by an information pit
on the information recording surface RL3, 



after it passes again the objective optical system OBJ', the second lens
EXP2, first lens EXP1, and is branched by the third beam combiner BC3,
passes the sensor lens SEN, and converged on the light receiving surface of
the light detector PD123. Then, by using the output signal of the light
detector PD123, the information recorded in CD can be read. Further, in the
present embodiment, a packaged light source unit into which the red
semiconductor laser LD2 and infrared semiconductor laser LD3 are integrated
and housed in a casing, can also be used. In this case, the second beam
combiner BC2 can be deleted, and the collimator optical     82 system can
be made two, and for example, the third collimator optical system COL3 can
be deleted. Further, in the present embodiment, a packaged light source
unit into which the blue violet semiconductor laser LDl and red
semiconductor laser LD2 are integrated and housed in a casing, can also be
used. In this case, the first beam combiner BC1 can be deleted, and the
collimator optical systems can be made two, and for example, the second
collimator optical system COL2 can be deleted. Furthermore, in the present
embodiment, a packaged light source unit into which the blue violet
semiconductor laser LD1, red semiconductor laser LD2, and infrared
semiconductor laser LD3 are integrated and housed in a casing, can also be
used. In this case, the first and second beam combiners BC1, BC2 can be
deleted, and the collimator optical system can be made one, and for
example, the second and third collimator optical systems COL2, COL3 can be
deleted. Next, the structure of the objective optical system OBJ' will be
described. Hereupon, the objective optical system OBJ' is the same
structure also as in the 10th embodiment which will be detailed later.   r
83 The objective optical system OBJ' is structured by a plastic lens whose
both surfaces are aspheric, and in the optical function surface S1 on the
light source side, a blazed type diffractive structure DOES is formed. The
blazed type diffractive structure DOE3 is a structure by which the
spherical aberration of the wavelength ~1 and wavelength ~2 due to the
chromatic aberration of the plastic lens is corrected, and by this action,
the first light flux and second light flux respectively form good spots on
respective information recording surfaces of the high density optical disk
HD and DVD. Further, in the objective optical system OBJ', when the
magnifications to the wavelength ~1 and wavelength ~3 are made different,
the spherical aberration due to the difference of thickness of the
protective layer between the high density optical disk and CD, is
corrected. Hereupon, in the fifth and the tenth embodiment, when the glass
lens (in the fifth embodiment, the first lens EXPl, in the tenth
embodiment, the first lens CUL1) in the aberration correction optical
system is moved by the one axis actuator UAC, the magnification of the
objective optical system OBJ' is changed.   r  84 In the optical pick-up
device PUS in the present embodiment, because the plastic lens (the second
lens EXP2) in the beam expander optical system EXP is in the common optical
path of the first light flux, second light flux and third light flux, when
the objective optical system OBJ' has the temperature characteristic in
which the spherical aberration changes in the over correction direction
following the temperature rise at the time of the recording/reproducing of
DVD or CD, by the action of the second lens EXP2, the temperature
characteristic at the time of the recording/reproducing on DVD or CD can
also be corrected. Further, because the second lens EXP2 can be moved by
the one axis actuator UAC, the spherical aberration can be corrected not
only at the time of the recording/reproducing on the high density optical
disk, but also at the time of the recording/reproducing on DVD and CD. (The
sixth embodiment) Next, the sixth embodiment of the present invention will
be described, however, the same structure as in the first embodiment is
denoted by the same sign, and the description is neglected. As shown in
Fig. 8, the optical pick-up device PU6 is structured by: a light source
unit LU1 into which the blue  



ss violet semiconductor laser LD1 projecting the first light flux and the
red semiconductor laser LD2 projecting the second light flux are
integrated; light detector PD12 common to the first light flux and the
second light flux; CD use module MD3 into which the infrared semiconductor
laser LD3 projecting the third light flux and light detector PD3 are
integrated; coupling optical system CUL as the aberration correction
optical system; one axis actuator UAC; objective optical system OBJ;
two-axis actuator AC; first beam combiner BC1; and second beam combiner
BC2. Hereupon, in the sixth - tenth embodiment, the coupling optical system
CU1, as the aberration correction optical element, is the collimator
optical system by which the divergent light flux of the wavelength ~1
projected from the blue violet semiconductor laser Z,D1 is converted into
the parallel light flux. The coupling optical system CUL is structured by a
glass lens (the first lens CULL) and a plastic lens (the second lens CUL2)
whose paraxial refractive power is positive, and is arranged in the common
optical path of the first light flux and the second light flux. In the
optical pick-up device PU6, when the recording/reproducing of the
information is conducted on the     86 high density optical disk HD, as the
path of ray is shown by a solid line in Fig. 8, initially, the blue violet
semiconductor laser LD1 is light-emitted. The divergent light flux
projected from the blue violet semiconductor laser LDl, passes the first
beam combiner BCl, first lens CULL (glass lens whose paraxial refractive
power is negative), second lens CUL2 (plastic lens whose paraxial
refractive power is positive), second beam combiner BC2,in order, and
becomes a spot formed on the information recording surface RL1 through the
protective layer PL1 of the high density optical disk HD by the objective
optical system OBJ. Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator arranged in the periphery of
it. The reflected light flux modulated by an information pit on the
information recording surface RL1, passes again the objective optical
system OBJ, second beam combiner BC2, second lens CUL2, first lens CUL1,
and is branched by the first beam combiner BC1, passes the sensor lens SEN,
and converged on the light receiving surface of the light detector PD12.
Then, by using the output signal of the light detector PD12, the
information recorded in the high density optical disk HD can be read.
s~ Because the case where the recording/reproducing of the information is
conducted on DVD, is the same as the case where the recording/reproducing
of the information is conducted on the high density optical disk HD, the
description is neglected. Further, when the recording/reproducing of the
information is conducted on CD, as the path of ray is shown by a two-dotted
chain line in Fig. 8, the CD use module MD3 is actuated and the infrared
semiconductor laser LD3 is light-emitted. The divergent light flux
projected from the infrared semiconductor laser LD3, after it is reflected
by the second beam combiner BC2, becomes a spot formed on the information
recording surface RL3 through the protective layer PZ3 of CD by the
objective optical system OBJ. The objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in the periphery of
it. The reflected light flux modulated by an information pit on the
information recording surface RL3, after it 



transmits again the objective optical system OBJ, is reflected by the
second beam combiner BC2, and converged on the light receiving surface of
the light detector PD3 of the CD use module MD3. Then, by using the output
signal of the     ss light detector PD3, the information recorded in CD can
be read. In the sixth - tenth embodiments, because the coupling optical
system CUL has a glass lens and a plastic lens whose refractive power is
positive, the function of the aberration correction optical system for
correcting the temperature characteristic of the objective optical system
OBJ, OBJ', can be given to the coupling optical system CUL, and it is
advantageous for the reduction of the number of parts of the optical
pick-up device, cost reduction, and size reduction. Hereupon, in the sixth
- tenth embodiments, when the beam shaping element for shaping the
sectional shape of the laser light flux projected from the blue violet
semiconductor laser LD1, from the ellipse shape to circular, is used, it is
preferable that the beam shaping element at least one optical surface of
which is a cylindrical surface, is arranged in the optical path between the
blue violet semiconductor laser LD1 and the coupling optical system.
Further, in the optical pick-up device PU6 in the present embodiment,
because the coupling optical system CUL is arranged in the common optical
path of the first light flux and the second light flux, when the objective
optical system OBJ has the temperature characteristic in which the     89
spherical aberration changes in the over correction direction following the
temperature rise at the time of the recording/reproducing of DVD, by the
action of the second lens CUL2, the temperature characteristic at the time
of the recording/reproducing on DVD can also be corrected. Further, when
the first lens CULL is moved by the one axis actuator, not only at the time
of the recording/reproducing on the high density optical disk, but also at
the time of the recording/reproducing on DVD, the spherical aberration can
be corrected. (The seventh embodiment) Next, the seventh embodiment of the
present invention will be described, however, the same structure as in the
first embodiment is denoted by the same sign, and the description is
neglected. As shown in Fig. 9, the optical pick-up device PU7 is structured
by: the blue violet semiconductor laser LD1 projecting the first light
flux; red semiconductor laser LD2 projecting the second light flux; light
detector PD12 common to the first light flux and second light flux; CD use
module MD3 into which the infrared semiconductor laser LD3 projecting the
third light flux and the light detector PD3 are integrated; coupling
optical system CUL as the aberration     90 correction optical system; one
axis actuator UAC; objective optical system OBJ; two-axis actuator AC;
first beam combiner 



BC1; second beam combiner BC2; and third beam combiner BC3. Then, in the
optical pick-up device PU7 in the present embodiment, a glass lens (the
first lens CUL1) whose paraxial refractive power is negative, in the
coupling optical system CUL, second beam combiner BC2, plastic lens (the
second lens CUL2) whose paraxial refractive power is positive, in the
coupling optical system CUL, objective optical system OBJ, are arranged in
order from the blue violet semiconductor laser LD1 side. In the optical
pick-up device PU7, when the recording/reproducing of the information is
conducted on the high density optical disk HD, as the path of ray is shown
by a solid line in Fig. 9, initially, the blue violet semiconductor laser
LD1 is light-emitted. The divergent light flux projected from the blue
violet semiconductor laser LD1, passes the first lens CUL1, first beam
combiner BC1, second beam combiner BC2, after it is converted into the
parallel light flux in the second lens CUL2, passes the third beam combiner
BC3, and becomes a spot formed on the information recording surface RL1
through the protective   Y  91 layer PL1 of the high density optical disk
HD by the objective optical system OBJ. Then, the objective optical system
OBJ conducts the focusing or tracking by the 2-axis actuator arranged in
the periphery of it. The reflected light flux modulated by an information
pit on the information recording surface RL1, passes again the objective
optical system OBJ, third beam combiner BC3, second lens CUL2, and is
branched by the second beam combiner BC2, passes the sensor lens SEN, and
converged on the light receiving surface of the light detector PD12. Then,
by using the output signal of the light detector PD12, the information
recorded in the high density optical disk HD can be read. When the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 9, initially, the red
semiconductor laser LD2 is light-emitted. The divergent light flux
projected from the rel semiconductor laser LD2, is reflected by the first
beam combiner BC1, passes the second beam combiner BC2, after it is
converted into a parallel light flux in the second lens CUL2, passes the
third beam combiner BC3, and becomes a spot formed on the information
recording surface RL2 through the   r  92 protective layer PL2 of DVD by
the objective optical system OBJ. Then; the objective optical system OBJ
conducts the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux modulated by an information pit
on the information recording surface RL2, passes again the objective
optical system OBJ, third beam combiner BC3, second lens CUL2, and is
branched by the second beam combiner BC2, passes the sensor lens SEN, and
is converged on the light receiving surface of the light detector PD12.
Then, by using the output signal of the light detector PD12, the
information recorded in DVD can be read. 



Further, when the recording/reproducing of the information is conducted on
CD, as the path of ray is shown by a two-dotted chain line in Fig. 9,
initially, the CD use module MD3 is actuated and the infrared semiconductor
LD3 is light-emitted. The divergent light flux projected from the infrared
semiconductor laser LD3 is reflected by the third beam combiner BC3, and
becomes a spot formed on the information recording surface RL3 through the
protective layer PL3 of CD by the objective optical system OBJ. Then, the
objective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in   s 93 the periphery of it. The reflected
light flux modulated by an information pit on the information recording
surface RL3, passes again the objective optical system OBJ, and is branched
by the third beam combiner BC3, and converged on the light receiving
surface of the light detector PD3. Then, by using the output signal of the
light detector PD3, the information recorded in CD can be read. In the
optical pick-up device PU7 in the present embodiment, because the plastic
lens (the second lens CUL2) in the coupling optical system CUL is arranged
in the common optical path of the first light flux and the second light
flux, when the objective optical system OBJ has the temperature
characteristic in which the spherical aberration changes in the over
correction direction following the temperature rise at the time of the
recording/reproducing of DVD, by the action of the second lens CUL2, the
temperature characteristic at the time of the recording/reproducing on DVD
can also be corrected. Further, because the second lens CUL2 is served both
as the collimator optical system of the second light flux, the number of
parts can be reduced. Further, when the second lens is moved by the one
axis actuator UAC, not only at the time of the recording/reproducing on the
high density optical disk, but    94 also at the time of the
recording/reproducing on DVD, the spherical aberration can be corrected.
(The eighth embodiment) Next, the eighth embodiment of the present
invention will be described, however, the same structure as in the first
embodiment is denoted by the same sign, and the description is neglected.
As shown in Fig. 10, the optical pick-up device PU8 is structured by: the
blue violet semiconductor laser LD1 projecting the first light flux; light
detector PD1; DVD use module MD2 into which the red semiconductor laser LD2
projecting the second light flux and the light detector PD2 are integrated;
CD use module MD3 into which the infrared semiconductor laser LD3
projecting the third light flux and the light detector PD3 are integrated;
coupling optical system CUL as the aberration correction optical system;
one axis actuator UAC; objective optical system OBJ; two-axis actuator AC;
first beam combiner BC1; second beam combiner BC2; and third beam combiner
BC3. Further, the coupling optical system CUL is structured by the second
lens CUL2 in which a glass lens whose paraxial refractive power is
negative, and a plastic lens whose 



paraxial refractive power is positive, are cemented, and a   95 glass lens
whose paraxial refractive power is positive, and in the optical pick-up
device PU8 in the present embodiment, the second lens CUL2 in the coupling
optical system CUL, second beam combiner BC2, a glass lens (the first lens
CUL1) in the coupling optical system CUL, and objective optical system OBJ,
are arranged in order from the blue violet semiconductor laser LD1 side. In
the optical pick-up device PU8, when the recording/reproducing of the
information is conducted on the high density optical disk HD, as the path
of ray is shown by a solid line in Fig. 10, initially, the blue violet
semiconductor laser LD1 is light-emitted. The divergent light flux
projected from the blue violet semiconductor laser LD1, passes the first
beam combiner BC1, second lens CUL2, second beam combiner BC2, and after it
is converted into the parallel light flux in the first lens CUL1, passes
the third beam combiner BC3, and becomes a spot formed on the information
recording surface RL1 through the protective layer PLl of the high density
optical disk HD by the objective optical system OBJ. Then, the objective
optical system OBJ conducts the focusing or tracking by the 2-axis actuator
AC arranged in the periphery of it. The reflected light flux modulated by
96 an information pit on the information recording surface RL1, passes
again the objective optical system OBJ, third beam combiner BC3, first lens
CUL1, second beam combiner BC2, second lens CUL2, in order, and is branched
by the first beam combiner BCl, passes the sensor lens SEN, and converged
on the light receiving surface of the light detector PDl. Then, by using
the output signal of the light detector PD1, the information recorded in
the high density optical disk HD can be read. When the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 10, initially, the red
semiconductor laser LD2 is light-emitted. The divergent light flux
projected from the red semiconductor laser LD2, is reflected by the second
beam combiner BC2, after it is converted into a parallel light flux in the
first lens CUL1, it passes the third beam combiner BC3, and becomes a spot
formed on the information recording surface RL2 through the protective
layer PL2 of DVD by the objective optical system OBJ. Then, the objective
optical system OBJ conducts the focusing or tracking by the 2-axis actuator
AC arranged in the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RL2,   r 97 passes
again the objective optical system OBJ, third beam combiner BC3, first lens
CUL1, and is branched by the second beam combiner BC2, and is converged on
the light receiving surface of the light detector PD2. Then, by using the
output signal of the light detector PD2, the information recorded in DVD
can be read. Further, when the recording/reproducing of the information is
conducted on CD, as the path of ray is shown 



by a two-dotted chain line in Fig. 10, initially, the CD use module MD3 is
actuated and the infrared semiconductor LD3 is light-emitted. The divergent
light flux projected from the infrared semiconductor laser LD3 is reflected
by the third beam combiner BC3, and becomes a spot formed on the
information recording surface RL3 through the protective layer PL3 of CD by
the objective optical system OBJ. Then, the objective optical system OBJ
conducts the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux modulated by an information pit
on the information recording surface RL2, passes again the objective
optical system OBJ, and is branched by the third beam combiner BC3, and
converged on the light receiving surface of the light detector PD3. Then,
by   r 98 using the output signal of the light detector PD3, the
information recorded in CD can be read. In the optical pick-up device PU8
in the present embodiment, because the second lens CUL2 including the
plastic lens in the coupling optical system CUL is arranged in the
exclusive use optical path of the first light flux, the existence of the
coupling optical system CUL does not affect the temperature characteristic
at the time of the recording/reproducing on DVD using the second light
flux. Accordingly, by considering only case where the temperature
characteristic at the time of the recording/reproducing on the high density
optical disk using the first light flux is corrected, the refractive power
of the plastic lens in the second lens CUL2 can be determined. Further,
because the first lens CUL1 serves both as the collimator optical system of
the second light flux, the number of parts can be reduced. Further, when
the second lens CUL2 is moved by the one axis actuator UAC, not only at the
time of the recording/reproducing on the high density optical disk, but
also at the time of the recording/reproducing on DVD, the spherical
aberration can be corrected. (The ninth embodiment)    99 Next, the ninth
embodiment of the present invention will be described, however, the same
structure as in the first embodiment is denoted by the same sign, and the
description is neglected. As shown in Fig. 11, the optical pick-up device
PU9 is structured by: the high density optical disk use module MDl into
which the blue violet semiconductor laser LD1 projecting the first light
flux and the light detector PD1 are integrated; DVD use module MD2 into
which the red semiconductor laser LD2 projecting the second light flux and
the light detector PD2 are integrated; CD use module MD3 into which the
infrared semiconductor laser LD3 projecting the third light flux and the
light detector PD3 are integrated; coupling optical system CUL as the
aberration correction optical system; one axis actuator UAC; objective
optical system OBJ; two-axis actuator AC; first beam combiner BC1; second
beam combiner BC2; and collimator optical system COL. The coupling optical
system CUL is arranged in the exclusive use optical path of the first light
flux. In the optical pick-up device PU9, when the recording/reproducing of
the information is conducted on the high density optical disk HD, as the
path of ray is shown by a solid line in Fig. 11, initially, the blue violet
100 semiconductor laser LD1 is light-emitted. The divergent light flux
projected from the blue violet semiconductor laser LD1, passes the first
lens CUL1 (glass lens whose paraxial refractive power is negative), second
lens CUL2 (plastic lens whose paraxial refractive power is positive), first
beam combiner BC1, second beam combiner BC2, and becomes a spot formed on
the information recording surface RL1 through the protective layer PL1 of
the high density optical disk HD by the objective optical system OBJ. Then,
the objective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in the periphery of it. The reflected light
flux modulated by an information pit on the information recording surface
RL1, passes again the objective optical system OBJ, second beam combiner
BC2, first beam combiner BCl, second lens CUL2, first lens CUL1, in order,
and converged on the light receiving surface of the light detector PD1.
Then, by using the output signal of the light detector PD1, the information
recorded in the high density optical disk HD can be read. When the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 11, initially, the red
semiconductor laser LD2 is light-emitted. The divergent light flux
projected from   f  the red semiconductor laser LD2 is, after it is
converted 



into a parallel light flux by passing the collimator optical system COL,
reflected by the first beam combiner BC1, passes the second beam combiner
BC2, and becomes a spot formed on the information recording surface RL2
through the protective layer PL2 of DVD by the objective optical system
OBJ. Then, the objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected light flux modulated by an information pit on the information
recording surface RL2, passes again the objective optical system OBJ,
second beam combiner BC2, and is branched by the first beam combiner BC1,
passes the collimator optical system COL, and is converged on the light
receiving surface of the light detector PD2. Then, by using the output
signal of the light detector PD2, the information recorded in DVD can be
read. Further, when the recording/reproducing of the information is
conducted on CD, as the path of ray is shown by a two-dotted chain line in
Fig. 11, initially, the CD use module MD3 is actuated and the infrared
semiconductor LD3 is light-emitted. The divergent light flux projected from
the infrared semiconductor laser LD3 is reflected by the second beam
combiner BC2, and becomes a spot formed on the    102 information recording
surface RL3 through the protective layer PL3 of CD by the objective optical
system OBJ. Then, the objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected light flux modulated by an information pit on the information
recording surface RL3, passes again the objective optical system OBJ, and
is branched by the third beam combiner BC3, and converged on the light
receiving surface of the light detector PD3. Then, by using the output
signal of the light detector PD3, the information recorded in CD can be
read. In the optical pick-up device PU9 in the present embodiment, because
the plastic lens (the second lens CUL2) in the coupling optical system CUL
is arranged in the exclusive use optical path of the first light flux, the
existence of the coupling optical system CUL does not affect the
temperature characteristic at the time of the recording/reproducing on DVD
using the second light flux. Accordingly, by considering only case where
the temperature characteristic at the time of the recording/reproducing on
the high density optical disk using the first light flux is corrected, the
refractive power of the plastic lens (the second lens CUL2) can be
determined.   f  103 (The tenth embodiment) Next, the tenth embodiment of
the present invention will be described, however, the same structure as in
the first embodiment is denoted by the same sign, and the description is
neglected. As shown in Fig. 12, the optical pick-up device PU10 is
structured by: the blue violet semiconductor laser LD1 projecting the first
light flux; red semiconductor laser LD2 projecting the second light flux;
infrared semiconductor laser LD3 projecting the third light flux; light
detector PD123 common to the first - third light fluxes; coupling optical
system CUL as the aberration correction optical system; one axis actuator
UAC; objective optical system OBJ'; two-axis actuator AC; first beam
combiner BCl; second beam combiner BC2; and third beam combiner BC3. In the
optical pick-up system in the present embodiment, the coupling optical
system CUL is arranged in the common optical path of the first light flux,
second light flux, and third light flux. In the optical pick-up device
PU10, when the recording/reproducing of the information is conducted on the
high density optical disk HD, as the path of ray is shown by a solid line
in Fig. 12, initially, the blue violet   r  104 semiconductor laser LD1 is
light-emitted. The divergent light flux projected from the blue violet
semiconductor laser LD1, passes the first beam combiner BC1, second beam
combiner BC2, third beam combiner BC3, first lens CUL1 (glass lens whose
paraxial refractive power is negative), second lens CUL2 (plastic lens
whose paraxial refractive power is positive), in order, and becomes a spot
formed on the information recording surface RL1 through the protective
layer PL1 of the high density optical disk HD by the objective optical
system OBJ'. Then, the objective optical system OBJ' conducts the focusing
or tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected light flux modulated by an information pit on the information
recording surface RL1, passes again the objective optical system OBJ',
second lens CUL2, first lens CUL1, and is branched by the third beam 



combiner BC3, passes the sensor lens SEN, and converged on the light
receiving surface of the light detector PD123. Then, by using the output
signal of the light detector PD123, the information recorded in the high
density optical disk HD can be read. Further, when the
recording/reproducing of the information is conducted on DVD, as the path
of ray is shown     los by a dotted line in Fig. 12, initially, the red
semiconductor laser LD2 is light-emitted. The divergent light flux
projected from the red semiconductor laser LD2 is reflected by the first
beam combiner BC1, passes the second beam combiner BC2, third beam combiner
BC3, first lens CUL1, second lens CUL2, in order, and becomes a spot formed
on the information recording surface RL2 through the protective layer PL2
of DVD by the objective optical system OBJ' Then, the objective optical
system OBJ' conducts the focusing or tracking by the 2-axis actuator AC
arranged in the periphery of it. The reflected light flux modulated by an
information pit on the information recording surface RL2, passes again the
objective optical system OBJ', second lens CUL2, first lens CULL, and is
branched by the third beam combiner BC3, passes the sensor lens SEN, and is
converged on the light receiving surface of the light detector PD123. Then,
by using the output signal of the light detector PD123, the information
recorded in DVD can be read. Further, when the recording/reproducing of the
information is conducted on CD, as the path of ray is shown by a two-dotted
chain line in Fig. 12, initially, the infrared semiconductor LD3 is
light-emitted. The divergent light flux projected from the infrared
semiconductor laser   a r 106 LD3 is reflected by the second beam combiner
BC2, passes the first lens CUL1, second lens CUL2, in order, and becomes a
spot formed on the information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ'. Then, the objective
optical system OBJ' conducts the focusing or tracking by the 2-axis
actuator AC arranged in the periphery of it. The reflected light flux
modulated by an information pit on the information recording surface RL3,
passes again the objective optical system OBJ', second lens CUL2, first
lens CUL1, and is branched by the third beam combiner BC3, passes the
sensor lens SEN, and converged on the light receiving surface of the light
detector PD123. Then, by using the output signal of the light detector
PD123, the information recorded in CD can be read. In the optical pick-up
device PU10 in the present embodiment, because the plastic lens (the second
lens CUL2) in the coupling optical system CUL is arranged in the common
optical path of the first light flux, second light flux and third light
flux, when the objective optical system OBJ' has the temperature
characteristic in which the spherical aberration changes in the over
correction direction following the temperature rise at the time of the
recording/reproducing    a 107 of DVD or CD, by the action of the second
lens CUL2, the temperature characteristic at the time of the
recording/reproducing on DVD or CD, can also be corrected. Further, when
the glass lens (the first lens CUL1) in the coupling optical system is
moved by the one axis actuator UAC, not only at the time of the
recording/reproducing on the high density optical disk, but also at the
time of the recording/reproducing on DVD and CD, the spherical aberration
can be corrected. (The 11th embodiment) In the optical pick-up device PUll
in the present embodiment, the optical specification of the high density
optical disk HD is the wavelength ~1 = 405 nm, thickness tl of the
protective layer PL1 = 0.1 mm, numerical aperture NA1 = 0.85, and the
optical specification of DVD is the wavelength ~2 = 655 nm, thickness t2 of
the protective layer PL2 = 0.6 mm, numerical aperture NA2 = 0.65, and the
optical specification of CD is, the wavelength ~3 = 785 nm, thickness t3 of
the protective layer PL3 = 1.2 mm, and numerical aperture NA3 = 0.45.
However, the combination of the wavelength, thickness of the protective
layer, and numerical aperture, is not limited to this.     loe As shown in
Fig. 15, the optical pick-up device PU11 is structured by: a laser light
source unit LD123 into which the blue violet semiconductor laser LD1
projecting the first light flux, red semiconductor laser LD2 projecting the
second light flux, and infrared semiconductor laser LD3 projecting the
third light flux, are integrated; light detector PD123 common to the first
- third light flux: beam expander optical system EXP as the aberration
correction optical system; one axis actuator UAC; objective optical system
OBJ"; two-axis actuator AC; beam combiner BC; and collimator optical system
COL. In the optical pick-up system in the present embodiment, the beam
expander optical system EXP is arranged in the common optical path of the
first light flux, second light flux and third light flux. In the optical
pick-up device PU11, when the 



recording/reproducing of the information is conducted on the high density
optical disk HD, after the position in the optical axis of the beam
expander optical system EXP1 is adjusted so that the first light flux is
projected from the beam expander optical system EXP under the condition of
the parallel light flux, by the one axis actuator UAC, the blue violet
semiconductor laser LD1 is light-emitted. The     109 divergent light flux
projected from the blue violet semiconductor laser LD1, as its path of ray
is shown by a solid line in Fig. 15, is reflected by the beam combiner BC,
and when transmits the collimator optical system COL, after it is converted
into the parallel light flux, passes first lens EXP1, second lens EXP2, in
order, and the light flux diameter is regulated by the stop STO, and
becomes a spot formed on the information recording surface RL1 through the
protective layer PLl of the high density optical disk HD by the objective
optical system OBJ" Then, the objective optical system OBJ" conducts the
focusing or tracking by the 2-axis actuator AC arranged in the periphery of
it. The reflected light flux modulated by an information pit on the
information recording surface RLl, passes again the objective optical
system OBJ", second lens EXP2, first lens EXP1, and when passes the
collimator optical system COL, after it is converted into the converging
light flux, passes the beam combiner BC, sensor lens SEN, and is converged
on the light receiving surface of the light detector PD123. Then, by using
the output signal of the light detector PD123, the information recorded in
the high density optical disk HD can be read.     110 Further, when the
recording/reproducing of the information is conducted on DVD, after the
position in the optical axis direction of the first lens EXP1 is adjusted
so that the second light flux is projected from the beam expander optical
system EXP under the condition of the parallel light flux, by the one axis
actuator UAC, the red semiconductor laser LD2 is light-emitted. The
divergent light flux projected from the red semiconductor laser LD2, as its
path of ray is shown by a dotted line in Fig. 15, is reflected by the beam
combiner BC, and when transmits the collimator optical system COL, after it
is converted into almost parallel light flux, by transmitting the first
lens EXP1, second lens EXP2, it is converted into the parallel light flux.
After that, it becomes a spot formed on the information recording surface
RL2 through the protective layer PL2 of DVD by the objective optical system
OBJ". Then, the objective optical system OBJ" conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected light flux modulated by an information pit on the information
recording surface RL1, passes again the objective optical system OBJ",
second lens EXP2, first lens EXP1, and after it is converted into the
converging light flux, by transmitting the collimator optical     111
system COL, passes the beam combiner BC, sensor lens SEN, and is converged
on the light receiving surface of the light detector PD123. Then, by using
the output signal of the light detector PD123, the information recorded in
DVD can be read. Further, when the recording/reproducing of the information
is conducted on CD, after the position in the optical axis direction of the
first lens EXP1 is adjusted so that the third light flux is projected from
the beam expander optical system EXP under the condition of the parallel
light flux, by the one axis actuator UAC, the infrared semiconductor LD3 is
light-emitted. The divergent light flux projected from the infrared
semiconductor laser LD3, as its path of ray is shown by a two-dot chain
line in Fig. 15, is reflected by the beam combiner BC, and after it is
converted into almost parallel light flux by transmitting the collimator
optical system COL, by transmitting the first lens EXP1, second lens EXP2,
it is converted into the parallel light flux. After that, it becomes a spot
formed on the information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ". Then, the objective
optical system OBJ" conducts the focusing or tracking by the 2-axis
actuator AC arranged in   112 the periphery of it. The reflected light flux
modulated by an information pit on the information recording surface RL3,
passes again the objective optical system OBJ", second lens EXP2, first
lens EXP1, and when it transmits the collimator optical system COL, after
it is converted into the converging light flux, passes the beam combiner
BC, sensor lens SEN, and is converged on the light receiving surface of the
light detector PD123. Then, by using the output signal of the light
detector PD123, the information recorded in CD can be read. Next, the
structure of the objective optical system OBJ" will be described. The
objective optical system OBJ" is, as its general structural view is shown
in Fig. 16, structured by the aberration correction element L1 and the
light converging element L2 which has the function by which the laser light
flux transmitted this aberration correction element L1 is light-converged
on the information recording surface of the optical disk, and whose both
surfaces are aspheric surfaces. Both of the aberration correction element
L1 and the light converging element L2 are plastic lenses, and integrated
through a mirror frame LB. Hereupon, as described above, in the peripheral
portion of respective optical function  



113 sections of the aberration correction element L1 and the light
converging element L2, flange portions FL1, FL2 integrally molded with the
optical function section, are formed, and when mutual portions of one
portion of flange sections FL1, FL2 are engaged with each other, they may
also be integrated. The optical function surface S1 on the light source
side of the aberration correction element L1, is divided into the first
area AREA1 corresponding to an area up to the numerical aperture 0.65 of
DVD, and the second area AREA2 corresponding to an area from the numerical
aperture 0.65 of DVD to the numerical aperture 0.85 of the high density
optical disk HD, (not shown), and a step type diffractive structure HOE in
which a plurality of ring-shaped zones inside of which the step structure
is formed, are arranged around the optical axis, is formed in the first
area AREA1. The step type diffractive structure HOE is a structure for
correcting the spherical aberration due to the difference of thickness of
protective layers between the high density optical disk HD and DVD, and
because its function or structure is the same as the step type diffractive
structure HOE of above-described objective optical system OBJ, herein, the
detailed description is omitted.    114 Further, in the objective optical
system OBJ", the optical function surface S2 on the optical disk side of
the aberration correction element L1, is divided into the third area AREAS
including the optical axis corresponding to an area within the numerical
aperture 0.45 of CD, and the fourth area AREA4 corresponding to an area
from the numerical aperture 0.45 of CD to the numerical aperture 0.85 of
the high density optical disk HD, (not shown), and the step type
diffractive structure HOE' which is a structure in which a plurality of
ring-shaped zones inside of which the step structure is formed, are
arranged around the optical axis, is formed in the third area AREAS. In the
step type diffractive structure HOE' formed in the third area AREAS, the
depth d0 per one step formed in each ring-shaped zone, is set to a value
calculated by d0 = 5 x ~1/(nl - 1) (pn), and the number of divisions N of
each ring-shaped zone is set to 2. However, ~1 is a wavelength of the laser
light flux projected from the blue violet semiconductor laser is expressed
in micron unit, (herein, ~1 = 0.405 Eun), and nl is a refractive index to
the wavelength ~1 of the aberration correction element Ll, (herein, nl =
1.5601).    115 When the laser light flux of wavelength ~1 is incident on
this step type diffractive structure HOE', the optical path difference of 5
x ~1 (Nm) is generated between adjoining steps, and because the phase
difference is not practically given to the laser light flux of wavelength
~l, it transmits 



as it is without being diffracted (0-order diffraction light). Further,
when the laser light flux of wavelength ~2 (herein, ~2 = 0.655 fun)
projected from the red semiconductor laser is incident on this step type
diffractive structure HOE', because d0 x (n2 -1)/~2 = 2.98 ~ 3, the optical
path difference of 3 x ~2 (Eun) is generated between adjoining steps, and
because the phase difference is not practically given to the laser light
flux of wavelength ~2 as the laser light flux of wavelength ~1, it
transmits as it is without being diffracted (0-order diffraction light).
Hereupon, n2 is a refractive index to the wavelength ~2 of the aberration
correction element L2 (herein, n2 = 1.5407). On the one hand, when the
laser light flux of wavelength ~3 (herein, ~3 = 0.785 Vim) projected from
the infrared semiconductor laser is incident on this step type    116
diffractive structure HOE', because d0 x (n3 -1)/~3 = 2.47 2.5, the
transmission wave-front between adjoining steps, is shifted by half
wavelength, and almost of light amount of the third light flux incident on
the step type diffractive structure HOE' is distributed to  1-order
diffraction light. Hereupon, n3 is a refractive index to the wavelength ~3
of the aberration correction element L1 (herein, n3 = 1.5372). A pitch of
ring-shaped zone of the step type diffractive structure HOE' is determined
so that, in  1-order diffraction light, +1-order diffraction light is light
converged on the information recording surface RL3 of CD, and by the action
of the step type diffractive structure HOE', the spherical aberration due
to the difference of the thickness of the protective layer between the high
density optical disk HD and CD, is corrected. Further, because the step
type diffractive structure HOE is formed in only an area within the
numerical aperture NA2 of DVD, it is structured in such a manner that the
light flux passes an area outside of NA2 becomes a flare component on the
information recording surface RL2 of DVD, and the aperture limit to DVD is
automatically conducted.    117 Further, because the step type diffractive
structure HOE' is formed in only an area within the numerical aperture NA3
of CD, it is structured in such a manner that the light flux passes an area
outside of NA3 becomes a flare component on the information recording
surface RL3 of CD, and the aperture limit to CD is automatically conducted.
In the beam expander optical system EXP, the first lens EXP1 whose paraxial
refractive power is negative, is a glass lens, and the second lens EXP2
whose paraxial refractive power is positive, is a plastic lens. The
spherical aberration of the objective optical system OBJ" has the
temperature dependency which, at the time of the recording/reproducing on
the high density optical disk HD, changes in the over correction direction
when the temperature rises by 30 C, however, to the change amount of the
spherical aberration following the temperature change, the refractive power
of the second lens EXP2 is optimized, and in the same manner as in the
first embodiment, the spherical aberration following the temperature change
as the entire system of the optical system structured by the beam expander
optical system EXP and the objective optical system OBJ" is corrected.
118 Further, in the optical pick-up device PUll in the present embodiment,
because the plastic lens (the second lens EXP2) in the beam expander
optical system EXP is in the common optical path of the first light flux,
second light flux and third light flux, when the objective optical system
OBJ" has the temperature characteristic in which the spherical aberration
changes in the over correction direction following the temperature rise at
the time of the recording/reproducing of DVD or CD, by the action of the
second lens EXP2, the temperature characteristic at the time of the
recording/reproducing on DVD or CD, can also be corrected. Further, because
the first lens EXP1 can be moved by the one axis actuator UAC, the
spherical aberration can be corrected at the time of the
recording/reproducing not only on the high density optical disk, but also
on DVD and CD. Further, because the second lens EXP2 of the beam expander
optical system EXP can be shifted in the optical axis direction by the one
axis actuator UAC, as described above, the focal distance of the beam
expander optical system EXP can be adjusted so that light fluxes of
respective wavelengths are projected from the beam expander optical system
EXP under the condition of the parallel light flux.    l19 



In the present embodiment, it is structured in such a manner that the laser
light source unit LD123 and the light detector PD123 are separately
arranged, however, it is not limited to this, a laser light source module
into which the laser light source unit LD123 and the light detector PD123
are integrated, may be used. It is preferable because the reliability of
the recording/reproducing of the optical pick-up device PU11 can be
increased, that it is structured in such a manner that the diffractive
structure is formed on the optical surface of the collimator optical system
COL or beam expander optical system EXP, and the chromatic aberration in
the blue violet wavelength area of the objective optical system OBJ" is
corrected. When it is structured so that the chromatic aberration is
corrected by the diffractive structure in this manner, the optical pick-up
system in which the chromatic aberration is corrected by a simple
structure, can be obtained. Alternatively, instead of the above-described
diffractive structure, a doublet lens in which a positive lens which has
the positive refractive power and Abbe's number in d-ray is vdl, and a
negative lens which has the   120 negative refractive power and Abbe's
number in d-ray is vd2 (vd2 < vdl), are cemented, may also be arranged as
an element structuring at least one part of the collimator optical system
COL or beam expander optical system EXP. When the shape of the diffractive
structure is deviated from the design value by the production error,
because the diffraction efficiency is lowered, the transmission of the
optical pick up system is lowered. However, when it is structured so that
the chromatic aberration is corrected by such a refraction type doublet
lens, although it is an optical system in which the chromatic aberration is
corrected, the optical pick-up system in which the transmission is high,
can be obtained. Further, in the present embodiment, it is structured such
that the collimator optical system COL and the beam expander optical system
EXP are separately arranged, however, it is not limited to this, and it may
also be structured in such a manner that the collimator optical system COL
is omitted, and the divergent light flux projected from the laser light
source unit LD123 is directly incident on the beam expander optical system
EXP. Thereby, the reduction of the number of parts of the optical pick-up
device PU11 becomes further possible.    121 Hereupon, the sensor lens SEN
provided in the above optical pick-up devices PU1 - 3, 5 - 8, 10, 11, is a
lens by which the astigmatism is given to the light flux reflected from the
optical disk, which is toward the light detector. Further, each of the
above optical pick-up devices PU1 - 10 is provided with dichroic filter DFL
by which the aperture limit when the recording/reproducing is conducted on
CD, is conducted, and this dichroic filter DFL is driven by the two-axis
actuator AC in the direction perpendicular to the optical axis, being
integrated with the objective optical system through the holding member HM.
Hereupon, although the illustration is neglected, when the optical pick-up
device shown in the above 1st - 11th embodiment, rotation drive device
which rotatably holds the optical disk, and the control device for
controlling the drive of each of these kinds of devices, are mounted, an
optical information recording and/or reproducing apparatus by which at
least one of the recording of the information on the optical disk and the
reproducing of the information recorded in the optical disk can be
conducted, can be obtained. Next, an optical system preferable as the
optical pickup system mounted on the above-described optical pick-up    122
devices PUl - 11, will be described by listing specific 



numeral values. The aspheric surface of the optical surface such as the
optical surface on which the superposition type diffractive structure (step
type diffractive structure) in each example and the diffractive structure
are formed, or the optical surface on which the diffractive structure are
formed, is, when the deformation amount from the plane tangent to the apex
of its surface is X (mm), height of the direction perpendicular to the
optical axis is h(mm), and radius of curvature is r(mm), expressed by the
mathematical expression in which the coefficients in Table 2 - Table 9,
which will be shown later, are substituted into the following expression
(8). Where, x is a conical coefficient, and A2~ is an aspheric surface
coefficient. 2 - h lr +~Az~hz~ (8) 1+~(1+x)(hlr)z ,--_z In Table 2 -Table
12, NA is numerical aperture, ~(nm) is a design wavelength, f(mm) is a
focal distance, m is a magnification of the objective lens entire system,
t(mm)is a protective substrate thickness, r(mm) is a radius of     123
curvature, N~ is a refractive index at 25 C to the design wavelength, and
vd is Abbe's number in d-ray. Further, the superposition type diffractive
structure (step type diffractive structure) in each example, or the
diffractive structure is expressed by an optical path difference added to
the transmission wave front by these structures. Such an optical path
difference is expressed by the optical path difference function ~b (mm)
defined by the following expression (9) when ~ is a wavelength of an
incident light flux, ~.e is a designed wavelength, the height in the
direction perpendicular to the optical axis is h (mm), B2~ is an optical
path difference function coefficient, and n is a diffraction order number.
~_?~/.~xn x~BZ~h2~ (9) =o Further, values of the above expressions (1),
(3), (5), (6) in each of examples are shown in Table 1.   124 Table 1
Example 1Example 2Example 3Example
4(1)0.0020.0020.0020.002(3)0.060.060.060.06(5)1.091.091.091.09(6)2.39x10-62
.39x10-62.00x10-62.55x10-6 Example 5Example 6 Example 7Example
8(1)0.0020.002 I 0.0020.003(3)0. 060.06 ! 0.060 .06(5)_ 1a091.09 I 1.09__ _
1.09(6)2.39x10-62.39x10-6 2.31x10-62.23x10-6 Example 9Example 10Example
11(1)0.0010.00l0.023_ i(3)--0.07(5) (6)- -- -1.06 4.05x10-6 (Example 1) 



Example 1 is an optimum optical system as the optical pick-up system
mounted on the first optical pick-up device PU1, and its specific numerical
data is shown in Table 2.    I N N ro H N (` ~ l0 M O  11 O O O II O N O ~
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(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order, production wavelength, optical path difference function coefficient
of the 8th surface and the 9th surface) The 8th surfaceThe 9th
surfaceAREA1AREA2AREA3AREA4(0<_h_<<1.535)(1:5355h)(0~<-1.53)(1.53<_h)Ro0231
.761-117.433-167.0050.0000E+000.0000E+000.0000E+009.6672E+O1A40.0000E+00-1.
2634E-04-2.3039E-031.0847E-03A60.0000E+00-1.4443E-033.1515E-03-2.2698E-04A8
0.0000E+006.3328E-04-2.1791E-044.0064E-04A10O.OOOOE+00-68934E-05-5.9061E-05
-1.3815E-05nl/n2/n30/+1/0-+2/+1/+1+2/+1/+1~B6S8 nm-390 nm408
nmB24:7000E-030.0000E+00-5.3000E-03-5.2595E-03B4-5.5308E-040.0000E+005.6232
E-04-3.8500E-04B6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04B8-2.0155E-O50.
0000E+005.1093E-055.6214E-O5B102.0712E-070.0000E+001.4877E-O5-1.4307E-05
(Aspheric surface coefficient of the 10th surface and the 11th surface) The
10th surfaceThe 11th
surfaceK-6.6105E-Ol-1.5745E+02A41.1439E-021.0519E-O1A62.5153E-03-1.1661E-O1
A88..3248E-061.0617E-O1A102.9389E-04-7.0962E-02A12~'
6.6343E-052,7343E-02A14-4.2105E-05-4.3966E-03A16-3.6643E-060.0000E+00A187.9
754E-060.0000E+00A20-1.2239E-060.0000E+00 In the present example, the beam
expander optical system EXP which is composed of two lenses of a glass lens
whose paraxial refractive power is negative, and a plastic     127 



lens whose paraxial refractive power is positive, is arranged in the common
optical path of the wavelength ~l and the wavelength ~2, further, the beam
combines for leading an optical path of the light flux having the
wavelength ~3 into a common optical path of the light flux having the
wavelength ~1 and the light flux having the wavelength ~2, is arranged in
the optical path between the beam expander optical system EXP and the
objective optical system OBJ. The spherical aberration of the objective
optical system OBJ in the present example has the temperature dependency in
which, when the temperature rises by 30 C, it changes in the over
correction direction, and the change amount of the wave front aberration
due to this, is 0.057 ARMS. When the objective optical system OBJ having
such a temperature characteristic is combined with the beam expander
optical system EXP, the change amount of the wave front aberration when the
temperature rises by 30 C, can be suppressed to 0.010 ARMS. Hereupon, when
the change amount of the wave-front aberration when the temperature changes
is calculated, only the refractive index change following the temperature
change of the plastic lens included in the optical system is     128
considered, and the refractive index change rate of the plastic lens of the
beam expander optical system EXP and the first plastic lens (aberration
correction element L1) of the objective optical system OBJ is made -1.1 x
10-/C, and the refractive index change rate of the second plastic lens
(light converging element L2) of the objective optical system OBJ is made
-0.9 x 10-9/C. Further, when Abbe's number of the glass lens and the
plastic lens in the beam expander optical system is set so as to satisfy
the expression (2), because the achromatic operation is conducted on the
wavelength ~l and wavelength ~2, both of light fluxes of the wavelength ~1
and wavelength ~2 are projected from the beam expander optical system as
the parallel light flux. Hereupon, in the present example, when it is
structured so that the parallel light flux of wavelength ~2 is incident on
the objective optical system OBJ without through the beam expander optical
system EXP, the optimum optical system as the optical pick-up system
mounted on the fourth optical pick-up device PU4 can be obtained. (Example
2)     l29 Example 2 is the optimum optical system as the optical pick-up
system mounted on the second optical pick-up device PU2, and its specific
numeric value data is shown in Table 3.   



I M U r1 .9 ro H N ~n ~ a r CO l0 M O  W O O II O II O N O ~ r1 1.~ N ~ 00
+~ . W N ~ O rl N o II I II II rl N U ~ ~ o ~ C m N O u'W n >01007 w ~ r U
II II II N N 'rte rl cZ M S~ .~ O J~ ~ O O rl W O M 07 O N  N  N J-~ N ro ~
W M U W W W .r .a~~~ ro U m  W +~ GLOOO 'O II II ~ r-I N ro ro ~ ~ M rl
'~zzz m .. ro p x Q a w 130 u~au~aroororo`~-~Is~ ~''~I> > ''~ o  o `~ '~ n
`~ '~, ~n ' '~.. I +' ~~., ,m~ro~N~' ~~ro~r o 'r,HE ~~a~ ~~E,~ ~o. ro ,ro.,
roro ,,~e roW o~o~opouf7NMro~;~; V-r na~ I I ICfu7N V IC 



t~iCONrlN~N 0 vO N 0 W f7 v 00 v-IMI  v v.-I II II I~O~M ~- C N00Ori0OO~rI
I0 _ O~OO    o O rl InG' ONNO00~000OOO01~~ gIp
NOOOuf7~f.ICO1900700OO19OIIOOO. rIN ~NO00N Nu~I.888888~~~~88'i .n I I,IO
Oiri riN~''19mO~ ro  ~oo~.-a,-I,-Iv~WOcn U ro W Sa tn 1~ ro N U ro W Sa N W
N l~ W O ro O O I I W W W O O r in W N N f ,H ~ M ,-I O ~ U I I U O O o U U
o 0 ro ro + + W W w w a 01 O U N N O U W W o '~ N 9~ o I v a k ~   f 131
Table 3-2 (Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path difference function
coefficient of the 10th surface and the 11th surface) The 10th surface__
The 11th
surfaceAREAlAREA2AREA3AREA4(0<_h<_1.535)(1:535<_h)_(_0<_h<_1.53)(1.53<_h)r~
23l.761-117.433-167.005 



I0.0000E+000.0000E+000.0000E+009.6672E+O1A9D.OOOOE+001-1.2639E-04-2.3039E-0
31.0847E-03A60.0000E+00-1.4443E-033.1515E-03-2.2698E-04A80.0000E+006.3328E-
04-2.1791E-049.0064E-04A100.0000E+00-68934E-05-5.9061E-05-1.3815E-05nl/n2/n
30/+1/0-+2/+1/+1+2/+1/+1~g658 nm-390 nm408
nmB24.7000E-030.0000E+00-5.3000E-03-5.2595E-03B4-5.5308E-040.0000E+005.6232
E-04-3.8500E-04iB6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04'B8-2.0155E-05
0.0000E+005.1093E-055.6214E-OSB102.0712E-07O.OOOOE+001.4877E-OS-1.4307E-05
(Aspheric surface coefficient of the 12th surface and the 13th surface) The
12th surfaceThe 13th
surfaceK-6.6105E-01-1.5745E+02A41.1439E-021.0519E-O1A62.5153E-03-1.1661E-O1
A88.3248E-061.0617E-O1IA102.9389E-04-7.0962E-02A126.6343E-052.7343E-02A14-4
.2105E-05-4.3966E-03A16-3.6643E-060.0000E+00A187:9754E-D60.0000E+00A20-1.22
39E-060.0000E+00 In the present example, the beam expander optical system
EXP is composed of two lenses of a glass lens whose paraxial refractive
power is negative, and a plastic lens   f 132 whose paraxial refractive
power is positive, and in the optical path between the glass lens and the
plastic lens, the beam combiner for leading an optical path of the light
flux having the wavelength ~2 into the optical path of the light flux
having the wavelength ~1, is arranged. In this optical system, the plastic
lens in the beam expander optical system EXP has a function of the
collimator optical system by which the divergent light flux of wavelength
~2 projected from the second light source LD2 is converted into the
parallel light flux and introduced into the objective optical system OBJ.
Further, in the optical path between the beam expander optical system EXP
and the objective optical system OBJ, the beam combiner for leading an
optical path of the light flux having the wavelength R3 into a common
optical path of the light flux having the wavelength ~1 and the light flux
having the wavelength ~2 is arranged. The objective optical system OBJ in
the present example is the same as the objective optical system OBJ in the
above described example 1, and when the temperature rises by 30 C, it has
the temperature dependency in which the spherical aberration changes in the
over correction direction, and due to this, the wave front aberration
changes in 0.057 ARMS.    133 When this objective optical system OBJ is
combined with the beam expander optical system EXP, the change amount of
the wave front aberration when the temperature rises by 30 C, can be
suppressed to 0.011 ARMS. Hereupon, when the change amount of the
wave-front aberration when the temperature changes is calculated, only the
refractive index change following the temperature change of the plastic
lens included in the optical system is considered, and the refractive index
change rate of the plastic lens of the beam expander optical system EXP and
the first plastic lens L1 of the objective optical system OBJ is made -1.1
x 10-4/C, and the refractive index change rate of the second plastic lens
L2 of the objective optical system OBJ is made -0.9 x 10-4/C. (Example 3)
Example 3 is the optimum optical system as the optical pick-up system
mounted on the third optical pick-up device PU3, and its specific numeric
value data is shown in Table 4.   s 134 I N 
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(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order, production wavelength, optical path difference function coefficient
of the 12th surface and the 13th surface) The 12th surfaceThe 13th
surfaceAREA1AREA2AREASAREA4(0<-h<-1.535)(1.535<-h)(0<-h<-1_.53)(1.53<-h)r~2
31.761-l17.933-167.0050.0000E+000.0000E+000.0000E+009.6672E+O1A90.0000E+00-
1.2634E-04-2.3039E-031.0847E-03A6O.OOOOE+00-1.4443E-033.1515E-03-2.2698E-04
A80.0000E+006.3328E-04-2.1791E-044.0064E-04A10O.OOOOE+00-68934E-05-5.9061E-
05-1.3815E-O5nl/n2/n30/+1/0-+2/+1/+1+2/+1/+1~,B658 nm-390 nm408
nmB24.7000E-030.0000E+00-5.3000E-03-5.2595E-03B4-5.5308E-040.0000E+005.6232
E-04-3.8500E-04B6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04iB8-2.0155E-050
.0000E+005.1093E-055.6214E-05IB102.0712E-070.0000E+001.4877E-O5-1.4307E-OS
(Aspheric surface coefficient of the 14th surface and the 15th surface) The
14th surfaceThe 15th surface-6.6105E-O1-1.5745E+02A41.1939E-D21.0519E-O1A6
~2.5153E-03-1.1661E-O1A88.3248E-061.0617E-O1A102.9389E-04-7.0962E-02A126.63
43E-052.7343E-02A14-4.2105E-05-4.3966E-03A16-3.6643E-060.0000E+00A187.9754E
-060.0000E+00A20-1.2239E-060.0000E+00 In the present example, the beam
expander optical system EXP is composed of two lenses of a plastic lens
whose paraxial refractive power is positive, and a glass lens whose   f 136
paraxial refractive power is negative, and in the optical path between the
glass lens and the plastic lens, the beam combines for leading an optical
path of the light flux having the wavelength ~2 into the optical path of
the light flux having the wavelength ~1, is arranged. In this optical
system, the divergent light flux of wavelength ~2 projected from the second
light source LD2 is converted into the converging light flux by the
coupling optical system, furthermore, by passing the glass lens in the beam
expander optical system EXP, it becomes the parallel light. Further, in the
optical path between the beam expander optical system EXP and the objective
optical system OBJ, the beam combines for leading an optical path of the
light flux having the wavelength ~3 into a common optical path of the light
flux having the wavelength ~1 and the light flux having the wavelength ~2,
is arranged. The objective optical system OBJ in the present example is the
same as the objective optical system OBJ in the above described example 1,
and when the temperature rises by 30 C, it has the temperature dependency
in which the spherical aberration changes in the over correction direction,
and due to this, the wave front aberration changes in 0.057 ARMS.   a  137
When this objective optical system OBJ is combined with the beam expander
optical system EXP, the change amount of the wave front aberration when the
temperature rises by 30 C, can be suppressed to 0.0l1 ARMS. Hereupon, in
the case where the change amount of the wave-front aberration when the
temperature changes, is calculated, only the refractive index change
following the temperature change of the plastic lens included in the
optical system is considered, and the refractive index change rate of the
plastic lens in the beam expander optical system EXP and the first plastic
lens Z1 of the objective optical system OBJ is made -1.1 x 10-9/C, and the
refractive index change rate of the second plastic lens L2 of the objective
optical system OBJ is made -0.9 x 10-9/C. (Example 4) Example 4 is the
optimum optical system as the optical pick-up system mounted on the fourth
optical pick-up device PU4, and its specific numeric value data is shown in
Table 5.    I N r1 
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139 Table 5-2 (Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path difference function
coefficient of the 12th surface and the 13th surface) 



2th surface The lThe 13th surface_ _
AREAlAREA2AREA3AREA4(0<_h<-1.535)(l.535<_h)(0<-h<_1a53)(1.53<_h)roo
Q231.761-117.433-167.0050.0000E+000.0000E+000.0000E+009.6672E+O1A40.0000E+0
0-1.2634E-04-2.3039E-031.0847E-03A60.0000E+00-1.4443E-033.1515E-03-2.2698E-
04A80.0000E+006.3328E-04-2.1791E-044.0064E-04A100.0000E+00-68934E-05-5.9061
E-05-1.3815E-05nl/n2/n30/+1/0-+2/+1/+1+2/+1/+1~B658 nm-390 nm408
nmB24.7000E-030.0000E+00-5.3000E-03-5.2595E-03B4-5.5308E-040.0000E+005.6232
E-04-3.8500E-04B6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04B8-2.0155E-050.
0000E+005.1093E-055.6214E-05B102.0712E-070.0000E+001.4877E-O5-1.4307E-O5
(Aspheric surface coefficient of the 14th surface and the 15th surface) The
14th surfaceThe 15th surfaceK~-6.6105E-Ol
l-1.5745E+02A41.1439E-021.0519E-O1I A62.5153E-03 !-1.1661E-O1 iA8
~8.3248E-061.0617E-O1AlOj2.9389E-04-7.0962E-02A126.6343E-052.7343_E-02A14-4
.2105E-O5-4.3966E-03A16-3.6643E-060.0000E+00A187.9754E-060.0000E+00A201-1.2
239E-060.0000E+00 In the present example, the collimator optical system COL
is composed of a plastic lens whose paraxial refractive power is positive,
and arranged in the exclusive use optical     140 path of wavelength ~1.
Further, the beam expander optical system EXP is composed of the glass lens
whose paraxial refractive power is negative, and the plastic lens whose
paraxial refractive power is positive, and arranged in the exclusive use
optical path of wavelength ~1. Further, in the optical path of the beam
expander optical system EXP and the objective optical system OBJ, the beam
combiner for leading an optical path of the light flux having the
wavelength ~2 into the optical path of the light flux having the wavelength
~1, and the beam combiner for leading an optical path of the light flux
having the wavelength ~3 into a common optical path of the light flux
having the wavelength ~1 and the light flux having the wavelength ~2, are
arranged. The objective optical system OBJ in the present example, has the
temperature dependency in which, when the temperature rises by 30 C, the
spherical aberration changes in the over correction direction, and due to
this, the wave front aberration changes in 0.057 ARMS. When this objective
optical system OBJ is combined with the beam expander optical system EXP,
the change amount of the wave front aberration when the temperature rises
by 30 C, can be suppressed to    14l 0.011 ARMS. In this manner, when the
collimator optical system COL composed of the plastic lens is combined with
the beam expander optical system EXP, because the refractive power of the
plastic lens necessary for correcting the temperature characteristic of the
objective optical system OBJ can be distributed to the collimator optical
system COL, the degree of freedom of the lens design (selection of the
angle magnification) of the expander optical system EXP is increased.
Hereupon, in the case where the change amount of the wave-front aberration
when the temperature changes is calculated, only the refractive index
change following the temperature change of the plastic lens included in the
optical system is considered, and the refractive index change rate of the
plastic lens of the collimator optical system COL, plastic lens of the beam
expander optical system EXP and the first plastic lens Ll of the objective
optical system OBJ is made -1.1 x 10-4/C, and the refractive index change
rate of the second plastic lens L2 of the objective optical system OBJ is
made -0.9 x 10-9/C. (Example 5)   ,. 142 Example 5 is the optimum optical
system as the optical pick-up system mounted on the sixth optical pick-up
device PU6, and its specific numeric value data is shown in Table 6.   143
I N ri N E1 
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h G N .ri U W W N O U N U N W Sa m U   194 Table 6-2 (Paraxial radius of
curvature, aspheric surface coefficient, diffraction order, production
wavelength, optical path difference function coefficient of the 10th
surface and the 11th surface) The 10th surfaceThe 11th
surfaceAREA)AREA2AREA3AREA4(0<_h<_1.535)(1.535-_<h)(0<-h<-l.53)(l.53<_h)r~2
31.761-117.433 '-167.005
I0.0000E+000.0000E+000.0000E+00'9.6672E+O1A40.0000E+00-1.2634E-04-2.3039E-0
31.0847E-03A60.0000E+00-1.4443E-033.1515E-03-2.2698E-04A80.0000E+006.3328E-
04-2.1791E-044.0064E-04A100.0000E+00-68934E-O5-5.9061E-05-1.3815E-05nl/n2/n
30/+1/0-+2/+1/+1+2/+1/+1~g658 nm-390 nm408
nmB24.7000E-030.0000E+00-5.3000E-03-5.2595E-03B4-5.5308E-090.0000E+005.6232
E-04-3.8500E-04B6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04B8-2.0155E-05O.
OOOOE+005.1093E-055.6214E-05B102.0712E-070.0000E+001.4877E-O5-1.4307E-O5
(Aspheric surface coefficient of the 12th surface and the 13th surface) The
12th surfaceThe 13th
surfaceK-6.6105E-O1-1.5745E+02A91.1939E-021.0519E-O1A62.5153E-03-1.1661E-O1
A88.3248E-061.0617E-O1A10
;2.9389E-04-7.0962E-02'A126.6343E-052.7343E-02A14-4.2105E-05-4.3966E-03A16-
3.6643E-06O.OOOOE+00A187.9754E-060.0000E+00A20 ~-1.2239E-06~0.0000E+00 In
the present example; the coupling optical system CUL which is composed of 2
lenses of a glass lens whose paraxial 



refractive power is negative, and a plastic lens whose    145 paraxial
refractive power is positive, is arranged in the common optical path of
wavelength ~1 and wavelength ~2. Further, a beam combiner for leading an
optical path of the light flux having the wavelength ~3 into a common
optical path of the light flux having the wavelength ~l and the light flux
having the wavelength ~2, is arranged in the optical path between the
coupling optical system CUL and the objective optical system OBJ. Further,
a beam combiner for leading the light flux of wavelength ~1 reflected by an
information recording surface of an optical disk and the light flux of
wavelength ~2 reflected by an information recording surface of an optical
disk, into the light detector, is arranged in the optical path between a
package light source unit in which the light emitting point for projecting
the light flux of wavelength ~1 and the light emitting point for projecting
the light flux of wavelength ~2 are housed in a casing, and the coupling
optical system CUL. Further, when Abbe's number of the glass lens and the
plastic lens is set so as to satisfy the expression (2), because the
achromatic operation is conducted on the wavelength ~1 and the wavelength
~2, both of the fluxes of    146 the wavelength ~1 and the wavelength ~2,
are projected from the coupling optical system CUL as the parallel light
flux. Hereupon, in the case where the spherical aberration of the objective
optical system OBJ in the present example, has the temperature dependency
in which, when the temperature rises by 30 C, it changes in the over
correction direction, and the change amount of the wave-front aberration
due to this is 0.057 ARMS. When the objective optical system OBJ having
such a temperature characteristic is combined with the coupling optical
system CUL, the change amount of the wave front aberration when the
temperature rises by 30 C, can be suppressed to D.D10 ARMS. Hereupon, in
the case where the change amount of the wave-front aberration when the
temperature changes is calculated, only the refractive index change
following the temperature change of the plastic lens included in the
optical system is considered, and the refractive index change rate of the
plastic lens of the coupling optical system CUL, and the first plastic lens
L1 of the objective optical system OBJ is made -1.1 x 10-9/C, and the
refractive index change rate of the second plastic lens L2 of the objective
optical system OBJ is made -0.9 x 10-4/C.   147 (Example 6) Example 6 is
the optimum optical system as the optical pick-up system mounted on the 7th
optical pick-up device PU7, and its specific numeric value data is shown in
Table 7.   148 
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w a U H N a    149 Table 7-2 (Paraxial radius of curvature, aspheric
surface coefficient, diffraction order, production wavelength, optical path
difference function coefficient of the 10th surface and the 11th surface)
The 10th surfaceThe 11th
surfaceAREA1AREA2AREA3AREA4(0Sh<-1.535)(1.5355h)(0<-
h<-1.53)(1.53<-h)r~231.761_
-117.433-167.0050.0000E+000.0000E+000.0000E+009.6672E+OlA40.0000E+00-1.2634
E-04-2.3039E-031.0847E-03A60.0000E+00-1.9443E-033.1515E-03-2.2698E-04A80.00
00E+006.3328E-04-2.1791E-044.0064E-04A100.0000E+00-68934E-OS-5.9061E-OS-1.3
815E-05nl/n2/n30/+1/0-+2/+1/+1+2/+1/+1~g658 nm-390 nm408 nmB2
I4.7000E-030.0000E+00-5.3000E-03-5.2595E
03B4-5.5308E-040.0000E+005.6232E-09= -3.8500E
09B6-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04B8-2.0155E-050.0000E+005.109
3E-055.6214E-OSB102.0712E-070.0000E+001.4877E-05-1.4307E-OS (Aspheric
surface coefficient of the 12th surface and the 13th surface) The 12th
surfaceThe 13th
surface-6.6105E-O1-1.5745E+02A41.1939E-021.0519E-O1A62.5153E-03-1.1661E-O1A
88.3248E-061.0617E-O1A102.9389E-04-7.0962E-02A126.6343E-052.7343E-02A14-4.2
105E-O5-4.3966E-03A16-3.6643E-06O.OOODE+00A187.9754E-060.0000E+00A20-1.2239
E-060.0000E+00 In the present example, the coupling optical system CUL is
composed of 2 lenses of a glass lens whose paraxial 



refractive power is negative, and a plastic lens whose    150 paraxial
refractive power is positive, and a beam combiner for leading an optical
path of the light flux having the wavelength ~2 into the optical path of
the light flux having the wavelength ~1, and a beam combiner for leading
the light flux of wavelength ~l reflected by an information recording
surface of an optical disk and the light flux of wavelength ~2 reflected by
an information recording surface of an optical disk, into the light
detector, are arranged in the optical path of the plastic lens and glass
lens. Further, between the coupling optical system CUL and the objective
optical system OBJ, a beam combiner for leading an optical path of the
light flux having the wavelength ~3 into a common optical path of the light
flux having the wavelength ~1 and the light flux having the wavelength ~2,
is arranged. The spherical aberration of the objective optical system OBJ
in the present example, has the temperature dependency in which, when the
temperature rises by 30 C, the spherical aberration changes in the over
correction direction, and a change amount of the wave-front aberration due
to this, is 0.057 ARMS. When the objective optical system OBJ having such a
temperature characteristic is combined with the coupling lens optical
system CUL, the    1s1 change amount of the wave front aberration when the
temperature rises by 30 C, can be suppressed to 0.011 ARMS. Hereupon, in
the case where the change amount of the wave-front aberration when the
temperature changes is calculated, only the refractive index change
following the temperature change of the plastic lens included in the
optical system is considered, and the refractive index change rate of the
plastic lens of the coupling optical system CUL, and the first plastic lens
L1 of the objective optical system OBJ is made -1.1 x 10-/C, and the
refractive index change rate of the second plastic lens L2 of the objective
optical system OBJ is made -0.9 x 10-9/C. (Example 7) Example 7 is the
optimum optical system as the optical pick-up system mounted on the 8th
optical pick-up device PU8, and its specific numeric value data is shown in
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(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order, production wavelength, optical path difference function coefficient
of the 13th surface and the 14th surface) The 13th surfaceThe 14th
surfaceAREA)AREA2AREA3AREA4(05h<-1.535)(1.535<-h)(0<_h<_1.53)(1.53<_h)Ro023
1.761-117.433-167.0050.0000E+000.0000E+00O.OOOOE+009.6672E+O1
IA40.0000E+00-1.2634E-04-2.3039E-031.0847E-03
iA60.0000E+00-1.4443E-033.1515E-03-2.2698E-04A80.0000E+006.3328E-04-2.1791E
-044.0064E-04A100.0000E+00-68934E-05-5.9061E-O5-1.3815E-05Inl/n2/n30/+1/0-+
2/+1/+1+2/+1/+1~,g658 nm-390 nm408
nmB24.7000E-030.0000E+00-5.3000E-03-5.2595E-03B4
~-5.5308E-040.0000E+005.6232E-04-3.8500E-04B6
,-2.5919E-040.0000E+00-7.7644E-04-2.8980E-04B8
~-2.0155E-050.0000E+005.1093E-O55.6214E-05B10
I2.0712E-070.0000E+001.4877E-OS-1.4307E-05 (Aspheric surface coefficient of
the 15th surface and the 16th surface) The 14th surfaceThe 15th
surface-6.6105E-O1-1.5745E+02A41.1439E-021.0519E-O1A62.5153E-03-1.1661E-O1
IA88.3248E-061.0617E-O1
!A102.9389E-04-7.0962E-02A126.6343E-052.7343E-02A14-4.2105E-05-4.3966E-03A1
6-3.6643E-060.0000E+00A187.9754E-06 ~0.0000E+00A20-1.2239E-060.0000E+00 In
the present example, a coupling optical system CUL is structured by a
cemented lens which a glass lens whose paraxial refractive power is
negative, and a plastic lens   C Y 154 whose paraxial refractive power is
positive, are adhered to each other, and a glass lens whose paraxial
refractive power is positive, and a beam combiner for leading an optical
path of the light flux having the wavelength ~2 into the optical path of
the light flux having the wavelength ~1, is arranged in the optical path
between the cemented lens and the glass lens. Further, a beam combiner for
leading the light flux of wavelength ~l reflected on the optical disk into
the light detector, is arranged in the optical path of the light flux
having the wavelength ~1 between the light source which projects the light
flux having the wavelength ~1 and the coupling optical system CUL, and a
beam combiner for leading an optical path of the light flux having the
wavelength ~3 into a common optical path of the light flux having the
wavelength ~1 and the light flux having the wavelength ~2, is arranged
between the coupling optical system CUL and the objective optical system
OBJ. The spherical aberration of the objective optical system OBJ in the
present example, has the temperature dependency in which, when the
temperature rises by 30 C, the spherical aberration changes in the over
correction direction, and a change amount of the wave-front aberration
l55 due to this, is 0.057 ARMS. When the objective optical system OBJ
having such a temperature characteristic is combined with the coupling lens
optical system CUL, the change amount of the wave-front aberration when the
temperature rises by 30 C, can be suppressed to 0.01l ARMS. Hereupon, in
the case where the change amount of the wave-front aberration when the
temperature changes is calculated, only the refractive index change
following the temperature change of the plastic lens included in the
optical system is considered, and the refractive index change rate of the
plastic lens of the coupling optical system CUL, and the first plastic lens
L1 of the objective optical system OBJ is made -1.1 x 10-/C, and the
refractive index change rate of the second plastic lens L2 of the objective
optical system OBJ is made -0.9 x 10-9/C. (Example 8) Example 8 is the
optimum optical system as the optical pick-up system mounted on the 9th
optical pick-up device PU9, and its specific numeric value data is shown in
Table 9.  
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U U ro W Sa N U -rl a x CZ. m    157 Table 9-2 (Paraxial radius of
curvature, aspheric surface coefficient, diffraction order, production
wavelength, optical path difference function coefficient of the 12th
surface and the 'I'1+h o"rf~ncl The 12th surfaceThe 13th
surfaceAREA)AREA2AREA3AREA4(0<_h<_1.535)(1.5355h)(0<-h<_1.53)(l.53<_h)R~-34
31.888-l9.673-167.D050.0000E+00O.OOOOE+000.0000E+004.2160E+O1A4O.OOOOE+00-1
.4023E-032.4400E-05-1.5823E-03A60.0000E+00-1.5832E-031.3535E-O53.4952E-04Ag
0:0000E+006.0208E-04-5.8340E-071.5269E-04A100.0000E+00-7.2771E-O1-1.0092E-0
6-3.3372E-05nl/n2/n30/+1/0-~,g658 nm-B24.7000E-03
I0.0000E+000.0000E+000.0000E+00B4~-8.2490E-04O.OOOOE+000.0000E+000.0000E+00
B6-2.8735E-050.0000E+000.0000E+000.0000E+00B8-4.1288E-050.0000E+000.0000E+0
00.0000E+00B10-3.3076E-06~ D.OOOOE+00O.OOOOE+000.0000E+00 (ASpheric surface
coefficient of the 14th surface and the 15th surface) The 14th surfaceThe
15th
surfaceK-6.6211E-01-1.5745E+02A41.1439E-021.0519E-O1A62.5153E-03-1.1661E-O1
A88.3248E-061.0617E-O1A102.9389E-04-7.0962E-02A126.6343E-O52.7343E-02A14-4.
2105E-05-4.3966E-03A16-3.6643E-060.0000E+00
IA187.9754E-060.0000E+00A20-1.2239E-060.0000E+00 In the present example, a
coupling optical system CUL structured by a glass lens whose paraxial
refractive power is negative, and a plastic lens whose paraxial refractive
power   158 is positive, is arranged in the exclusive use optical path of
the wavelength ~1, and the beam combiner for leading the optical path of
the light flux having the wavelength ~2 into the optical path of the light
flux having the wavelength ~1, and the beam combiner for composing the
optical path of the light flux having the wavelength ~3 into the optical
path of the light flux having the wavelength ~1, are arranged between the
coupling lens optical system CUL and the objective optical system OBJ. The
spherical aberration of the objective optical system OBJ in the present
example, has the temperature dependency in which, when the temperature
rises by 30 C, the spherical aberration changes in the over correction
direction, and a change amount of the wave-front aberration due to this, is
0.085 ARMS. When the objective optical system OBJ having such a temperature
characteristic is combined with the coupling lens optical system CUL, the
change amount of the wave-front aberration when the temperature rises by 30
C, can be suppressed to 0.007 ARMS. Hereupon, in the case where the change
amount of the wave-front aberration when the temperature changes is
calculated, only the refractive index change following the    159
temperature change of the plastic lens included in the optical system is
considered, and the refractive index change rate of the plastic lens of the
coupling optical system CUL, and the first plastic lens L1 of the objective
optical system OBJ is made -1.1 x 10-/C, and the refractive index change
rate of the second plastic lens L2 of the objective optical system OBJ is
made -0.9 x 10-4/C. 



Hereupon, in the above-described examples 1 - 7, when one lens in the
aberration correction optical system is moved in the optical axis
direction, the spherical aberration due to the thickness error (production
error) of the protective layer PL1 of the high density optical disk HD, and
the spherical aberration due to the wavelength change of the wavelength ~1
can be corrected. (Example 9) Example 9 is the optimum optical system as
the optical pick-up system mounted on the 5th optical pick-up device PU5,
and its specific numeric value data is shown in Table 10.   l60  O N .O F N
~M ~ l~ O O N II ~ _ II m N ~ -I +~ M N 1.1 M 17 . \ U7 .O ri ~ o ll l II
II U ~ ~ .,i O.E ~ ~ O C C u-1 Or~nLn b o ~O m w c r +~ II U II II N N ~n
-I ~ M WL ~Z O m C W O rl l9 O rl  .-I . M C M M O II --I II II i~ N fIf
w-I W M U W 4-I W . ~O . . -~I r ~o o rt U ~O . L.f7 1 a~ o  rt C1o II O T
II II r rl N rt ~6 rl F~ M U~CZ~C wl Z z a O ~ Q O Q aa~~' ~~>,U~ +~I~t6Sa~
tO~ U1.-Iro >,~ >,Om 0o' u~ r5Wn.-x rl ~1-IU rl-rlO~~.CUU p lU Nro.r O-1
,+~WWrl~
CLO.OOOS-IO~MONl0l0pMu7L17M61rGM0161N~MNCrOIOiMrzLnLnLr7LnINOMNo~LnrLnIO
IC'rLnLWI7WI INMco~O~O~l O i il~Ln~O.-I ~r1rirlO CO OOO LnOO l0O OOM NOSO
v-IO Orlr d'Nbri ,-i,-i ar70.-i ~~ ,-II O r1O OOO OOO MO OOM COOSo Lno
o,-Ir riorl .-irl LnOrl -iOO rlO OOO ~OOO MO OOM ~OSO R7O O~r r~O..~0.-I
.-irl LnOrl -IOmMl0 MI I,S S S~.o ~S-IIN rlI ~N i IirINMC'OIL9rCO61~O N U W
Sa fn x l~ d' b G N C N W ~ o O O W I I I y~ W W W O r~ O N r r M C v-I O w
~ r omr7 W ~ M 01 rl O I '-' O~o M o p 0 O O ~ t I t U W W W W ~ O rl O W ~
O r O W N O N O O W O ~ O N o N I N U N N M c U O O O W b I I I w W W w ~I
N O M C N ~O Co U tA C M 07 o r O m a7 c W ~ I I O. k ~   161 Table 10-2
(Diffraction order, production wavelength, optical path difference function
coefficient of the 6th surface) 6th surface Inl/n2/n33/2/2~g422
nmB2-3.4312E-03B4-1.9486E-04B6-1.2076E-04B82.7998E-OS IB10-3.3455E-06
(Aspheric surface coefficient of the 6th surface and the 7th surface) The
6th surfaceThe 7th
surfaceK-4.4715E-O1-9.1355E+02A4-7.2396E-04-9.4311E-03A6-1.3187E-031.1572E-
02A85.9370E-04-5.3553E-03A10-1.0983E-041.2651E-03A12 ~8.5286E-06-1.5851E-04
I A beam expander optical system EXP composed of a glass lens whose
paraxial refractive power is negative, and a plastic lens whose paraxial
refractive power is positive, is 



arranged in the common optical path of the wavelength 7~1, wavelength 7~2
and wavelength ~3, further, when Abbe's number of the glass lens and
plastic lens in the beam expander optical system is set to satisfy the
expression (2), because the achromatic operation is conducted on the
wavelength 7~1 and wavelength ~2, both of the light fluxes of wavelength
~,1 and wavelength 7~2 are projected as the parallel light flux    162 from
the beam expander optical system. The spherical aberration of the objective
optical system OBJ' in the present example, has the temperature dependency
in which, when the temperature rises by 30 C, the spherical aberration
changes in the over correction direction, and a change amount of the
wave-front aberration due to this, is 0.027 ARMS. When the objective
optical system OBJ' having such a temperature characteristic is combined
with the beam expander optical system EXP, the change amount of the
wave-front aberration when the temperature rises by 30 C, can be suppressed
to 0.005 ARMS. Hereupon, in the case where the change amount of the
wave-front aberration when the temperature changes is calculated, only the
refractive index change following the temperature change of the plastic
lens included in the optical system is considered, and the refractive index
change rate of the plastic lens of the beam expander optical system EXP is
made -1.1 x 10-9/C, and the refractive index change rate of the objective
optical system OBJ' is made -0.9 x 10 '/C. (Example 10)    163 Example 10
is the optimum optical system as the optical pick-up system mounted on the
10th optical pick-up device PU10, and its specific numeric value data is
shown in Table 11.    164 , -i ri N ~i R ro E N ~~M ~J~ O . 0 m a II~ N
y-11M N +~ (~ J= .\ U7 .O rl Fro I U II a a U ~ ~ ~ C1~ C ~ O C C Ot~Nit7
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IOMCO1Q'O01~MM07OrlN~DfOII701OC'y,ON~~rIC' xNC i10N~c~c~~C   a 165 Table
11-2 (Diffraction. order, production wavelength, optical path difference
function coefficient of the 8th surface) 8th surfacenl/n2/n33/2/2~B422
nmB2-3.4312E-03B4-1.9486E-04B6-1.2076E-04B82.7998E-OSB10~ -3.3455E-06
(Aspheric surface coefficient of the 8th surface and the 9th surface) The
8th surfaceTThe 9th surface-4.4715E-01-9.1355E+02A4
~-7.2396E-04-9.4311E-03A6-1.3187E-031.1572E-02A85.4370E-04-5.3553E-03A10-1.
0983E-041.2651E-03A128.5286E-06-1.5851E-04 



A coupling optical system CUL composed of two lenses of a glass lens whose
paraxial refractive power is negative, and a plastic lens whose paraxial
refractive power is positive, is arranged in the common optical path of the
wavelength ~l, wavelength ~2 and wavelength ~3, further, in the optical
path between a package unit in which a light emitting point projecting the
light flux of the wavelength ~1, a light emitting point projecting the
light flux of wavelength ~2 and a light emitting point projecting the flux
of wavelength ~3, are housed in a casing, and the coupling optical system
CUL,    l66 the beam combiner for guiding the light fluxes of the
wavelength ~l, wavelength ~2 and wavelength ~3, reflected on the
information recording surface, to the light detector, is arranged. Further,
when Abbe's number of the glass lens and plastic lens in the coupling
optical system is set to satisfy the expression (2), because the achromatic
operation is conducted on the wavelength ~1 and wavelength ~2, both of the
light fluxes of wavelength ~1 and wavelength ~2 are projected as the
parallel light flux from the coupling optical system CUL. The spherical
aberration of the objective optical system OBJ' in the present example, has
the temperature dependency in which, when the temperature rises by 30 C,
the spherical aberration changes in the over correction direction, and a
change amount of the wave-front aberration due to this, is 0.027 ARMS. When
the objective optical system OBJ' having such a temperature characteristic
is combined with the coupling optical system CUL, the change amount of the
wave-front aberration when the temperature rises by 30 C, can be suppressed
to 0.006 ARMS.     167 Hereupon, in the case where the change amount of the
wave-front aberration when the temperature changes is calculated, only the
refractive index change following the temperature change of the plastic
lens included in the optical system is considered, and the refractive index
change rate of the plastic lens of the coupling optical system CUL is made
-1.1 x 10-9/C, and the refractive index change rate of the objective
optical system OBJ' is made -0.9 x 10-9/C. (Example 11) Example 11 is the
optimum optical system as the optical pick-up system mounted on the 11th
optical pick-up device PU11, and its specific numeric value data is shown
in Table 12.    168  N 
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coefficient, diffraction order, production wavelength, optical path
difference function coefficient of the 8th surface and the 9th surface) The
Bth surfaceThe 9th surfaceAREA1AREA2AREA3AREA4(0A
.190)(1.1900(0<0.940)(0.9409z)0.0000E+000.0000E+000.528924E-O1-0.130502E+Ol
A40.0000E+000.0000E+00-0.410090E-020.617147E-04A60.0000E+000.0000E+000.1003
53E-O10.175499E-04A80.0000E+000.0000E+00-0.669400E-02-0.652673E-05A100.0000
E+000.0000E+000.310085E-020.181652E-05n1/n2/n30/+1/0-0/0/+10/0/+1ag655
nm-785 nm785
nmB20.800000E-020.0000E+000.528924E-O10.0000E+00B40.186116E-020.0000E+00-0.
410090E-020.0000E+00B6-0.230843E-040.0000E+000.100353E-O10.0000E+00B8-0.267
698E-03D.OOOOE+00-0.669400E-020.0000E+00B10-0.224201E-040.0000E+000.310085E
-020.0000E+00 (Aspheric surface coefficient of the 1st surface, 4th
surface, 10th surface and the 11th surface) 1st surface4th surface10th
surface11th
surface-3.677247-0.383635-0.663257-185.58931A4-0.875823E-020.242809E-030.23
2973E-O10.191559E+00A60.000000E+000.000000E+000.785151E-02-0.315129E+00A80.
000000E+000.000000E+000.179949E-030.451528E+00
IA100.000000E+000.000000E+000.222687E-02-0.491609E+00A120.000000E+DO0.00000
0E+000.858993E-030.307272E+00A140.000000E+000.000000E+00-0.844095E-03-0.793
252E-O1A160.000000E+000.000000E+00-0.761684E-040.000000E+00A180.000000E+000
.000000E+000.364860E-030.000000E+00A200.000000E+000.000000E+00-0.879315E-04
0.000000E+00 A beam expander optical system EXP composed of two lenses of a
glass lens whose paraxial refractive power is negative, and a plastic lens
whose paraxial refractive power is positive, is arranged in the common
optical path of the   z mo wavelength ~1, wavelength ~2 and wavelength ~3.
Further, corresponding to the wavelength of the incident light flux, when
the position in the optical axis direction of the glass lens (the first
lens EXPl) in the beam expander optical system EXP is adjusted by the one
axis actuator UAC, the first light flux to the third light flux are
projected from the beam expander optical system EXP under the condition of
the parallel light flux. The spherical aberration of the objective optical 



system OBJ" in the present example, has the temperature dependency in
which, when the temperature rises by 30 C at the time of the
recording/reproducing of the information on the high density optical disk
HD, the spherical aberration changes in the over correction direction, and
a change amount of the wave-front aberration due to this, is 0.068 ARMS.
When the objective optical system OBJ" having such a temperature
characteristic is combined with the beam expander optical system EXP, the
change amount of the wave-front aberration when the temperature rises by 30
C, can be suppressed to 0.029 ARMS. Hereupon, in the case where the change
amount of the wave-front aberration when the temperature changes is    17l
calculated, only the refractive index change following the temperature
change of the plastic lens included in the optical system is considered,
and the refractive index change rate of the plastic lens (the second lens
EXP2) in the beam expander optical system EXP, and the refractive index
change rate of the objective optical system OBJ" are made -0.9 x 10 9/C. In
the optical system of Example 1, when the interval between the glass lens
and plastic lens of the beam EXP is changed, a result in which the
spherical aberration is corrected to the thickness change (thickness error)
of the protective layer PL1 of the high density optical disk HD, is shown
in Fig. 13. Further, in the optical system of Example 1, when the interval
between the glass lens and plastic lens of the coupling optical system CUL
is changed, a result in which the spherical aberration is corrected to the
change of wavelength ~1, is shown in Fig. 14. From these results, it is
found that the optical system of Examples 1 - 8, is superior also for the
recording/reproducing of 2-layer disk, further, it has a    172 sufficient
allowance for the oscillation wavelength of the blue violet semiconductor
laser light source ZD1. In embodiments and Examples described above, the
optical pick-up system and optical pick-up device in which the
recording/reproducing can be conducted on three kinds of optical disks of
the high density optical disk HD, DVD and CD, are described as examples,
however, it can be easily understood that the present invention can be
applied to the optical pick-up system and optical pick-up device by which
the recording/reproducing can be conducted on two kinds of optical disks of
the high density optical disk HD and DVD, or two kinds of optical disks of
the high density optical disk HD and CD. For example, they can be
structured, while the optical system factor necessary for the
recording/reproducing of those two kinds of optical disks is remained, by
deleting the other optical factors, thereby, the optical pick-up system and
optical pick-up device in which the size reduction, weight reduction, cost
reduction, and structure simplification, are further made, can be realized.
It is to be noted that various changes and modifications will be apparent
to those skilled in the art. Therefore, unless such changes and
modifications depart from   173 the scope of the present invention, they
should be construed as being included therein.    174 What is claimed is:
1. An optical pick-up system comprising: 



a first light source for projecting a first light flux having a wavelength
of not more than 450 nm; a second light source for projecting a second
light flux having a wavelength within a range of 630 nm to 680 nm; an
objective optical system for converging the first light flux projected from
the first light source on an information recording surface of a first
optical disk which having a first recording density, and for converging a
second light flux projected from the second light source on an information
recording surface of a second optical disk having a second recording
density which is different from the first recording density, wherein the
objective optical system has at least a plastic lens having a positive
paraxial refractive power, and wherein a ratio OSA/4T of a change of a
spherical aberration to a temperature change of the objective optical
system when the first light flux passes through the objective optical
system for recording or reproducing information onto or from the first
optical disk, satisfies the following expression (1); and    175 an
aberration correction optical system having at least two lens groups, and
being arranged in an optical path between the first light source and the
objective optical system, wherein the aberration correction optical system
has a plastic lens having a positive paraxial refractive power and a glass
lens. ~SA/4T > 0 (1) 2. The optical pick-up system of claim l, further
comprising a coupling optical system, which is arranged in an optical path
between the first light source and the aberration correction optical
system, wherein when the first light flux having a divergent angle enters
onto the coupling optical system, the coupling optical system emits a light
flux having a divergent angle which is smaller than an incident light flux
of the first light flux, wherein the glass lens of the aberration
correction optical system has a negative paraxial refractive power, and
wherein the aberration correction optical system is a beam expander optical
system which changes a diameter of the first light flux.   V 176 3. The
optical pick-up system of claim 2, wherein the beam expander optical system
is arranged in a common optical path of the first light flux and the second
light flux. 4. The optical pick-up system of claim 2, further comprising a
beam combiner for leading an optical path of the first light flux and an
optical path of the second light flux into a common optical path, wherein
the coupling optical system, the glass lens in the beam expander optical
system, the beam combiner, the plastic lens in the beam expander optical
system, and the objective optical system are arranged in that order from
the first light source side. 5. The optical pick-up system of claim 2,
further comprising a beam combiner for leading an optical path of the first
light flux and an optical path of the second light flux into a common
optical path, wherein the coupling optical system, the plastic lens 



of the beam expander optical system, the beam combiner, the glass lens in
the beam expander optical system, and the objective optical system are
arranged in that order from the first light source side.    177 6. The
optical pick-up system of claim 2, wherein the beam expander optical system
is arranged in an exclusive optical path for the first light flux 7. The
optical pick-up system of claim 2, wherein the coupling optical system has
at least one plastic lens having a positive paraxial refractive power. 8.
The optical pick-up system of claim 3, wherein a magnification ml of the
objective optical system for the first light flux when the first light flux
passes through the objective optical system for recording or reproducing
information onto or from the first optical disk, and a magnification m2 of
the objective optical system for the second light flux when the second
light flux passes through the objective optical system for recording or
reproducing information onto or from the second optical disk, are
approximately same, and Abbe's number vdN of the glass lens in the beam
expander optical system, and Abbe's number vaP of the plastic lens in the
beam expander optical system, satisfy the following expression (2).    ms
Vdp ~ udN 9. The optical pick-up system of claim 1, wherein the aberration
correction optical system is a coupling optical system, and wherein when
the first light flux having a divergent angle enters onto the coupling
optical system, the coupling optical system emits a light flux having a
divergent angle which is smaller than the incident light flux of the first
light flux. 10. The optical pick-up system of claim 9, wherein the coupling
optical system is arranged in a common optical path of the first light flux
and the second light flux. 11. The optical pick-up system of claim 9,
further comprising a beam combiner for leading an optical path of the first
light flux and an optical path of the second light flux into a common
optical path, wherein the glass lens in the coupling optical system, the
beam combiner, the plastic lens in the coupling optical system, and the
objective optical system are arranged in that order from the first light
source side.    l79 12. The optical pick-up system of claim 9, further
comprising a beam combiner for leading an optical path of the first light
flux and an the second light flux into a common 



path, wherein the glass lens in the coupling optical system has a positive
paraxial refractive power, and wherein the plastic lens in the coupling
optical system, the beam combiner, the glass lens in the coupling optical
system, and the objective optical system are arranged in that order from
the first light source side. 13. The optical pick-up system of claim 9,
wherein the coupling optical system is arranged in an exclusive optical
path for the first light flux. 14. The optical pick-up system of claim 10,
wherein a magnification ml of the objective optical system for the first
light flux when the first light flux passes through the objective optical
system for recording or reproducing information onto or from the first
optical disk, and a magnification mZ of the objective optical system for
the second light flux when the second light flux passes through     lao the
objective optical system for recording or reproducing information onto or
from the second optical disk, are approximately same, wherein the glass
lens in the coupling optical system has a negative paraxial refractive
power, and wherein Abbe's number vdN of the glass lens in the coupling
optical system, and Abbe's number vdP of the plastic lens in the coupling
optical system, satisfy the following expression (2). vdp ~ vdN 15. The
optical pick-up system of claim 9, wherein the coupling optical system is a
collimator optical system, and wherein when the first light flux having a
divergent angle enters onto the collimator optical system, the collimator
optical system emits a light flux parallel to an optical axis. 16. The
optical pick-up system of claim 1, wherein the objective optical system has
a first plastic lens and a second plastic lens which are arranged in that
order from the first light source side,   S S  1 1 wherein a diffractive
structure is formed on at least one of optical surfaces of the first
plastic lens, wherein the diffractive structure diffracts at least one of
the first light flux and the second light flux, and wherein a ratio of a
paraxial refractive power P1 (mm 1) of the first plastic lens for the
wavelength of the first light flux and a paraxial refractive power Pz (mm
1) of the second plastic lens for the wavelength of the first light flux
satisfy the following expression (3). ~Pl/PZ~ <- 0.2 



17. The optical pick-up system of claim 16, wherein when the optical
pick-up system records or reproduces information onto or from the first
optical disk, an image side numerical aperture NA1 of the objective optical
system, a thickness dzz of the second plastic lens in an optical axis, and
a paraxial refractive power PLZ (meal) of the second plastic lens for the
wavelength of the first light flux satisfy the following expressions (4)
and (5). NA1 > 0.8 (4) 0 . 9 < dzz ~ PL2< 1. 3 ( 5 )    <  182 18. The
optical pick-up system of claim 17, wherein when the optical pick-up system
records or reproduces information onto or from the first optical disk, the
total sum E(Pi  h;z) of the product of an image side numerical aperture NAB
of the objective optical system, a paraxial refractive power PL2 (mrnl) of
the second plastic lens for the wavelength of the first light flux, a
magnification mLZ of the second plastic lens for the wavelength of the
first light flux, the wavelength ~.1 (mm) of the first light flux, a ratio
ASA/AT of a change of a spherical aberration to a temperature change of the
objective optical system, and a total sum E(Pi  h~2) of a product of a
paraxial refractive power P; of the plastic lens of the aberration
correction optical system for the wavelength of the first light flux and a
square of a height h~ where a marginal ray passes, satisfy the following
expression (6). 0.5 x 10-6 < k/E(P~  h~z)< 5.5 x 10-6 (6) where k =
(OSA/4T)  7~1  PLZ/ (NA1  (1 - mz2) ) 9 19. The optical pick-up system of
claim 18, wherein the following expression (6') is satisfied. 1. 1 x 10-6 <
k/E ( P~  h~z ) < 3 . 3 x 10-6 ( 6' )   4 f 183 20. The optical pick-up
system of claim 17, further comprising a third light source for projecting
a third light flux having a wavelength within a range of 750 nm to 800 nm.
21. The optical pick-up system of claim 20, wherein the aberration
correction optical system is arranged in a common optical path of the first
light flux, second light flux and third light flux. 22. The optical pick-up
system of claim 20, wherein the first light source, the second light source
and the third light source are a packaged light source unit. 23. The
optical pick-up system of claim 20, further comprising a beam combiner
arranged in an optical path between the aberration correction optical
system and the objective optical system, wherein the beam combiner leads an
optical path of the first light flux, an optical path of the second light
flux and an optical path of the third light flux into a common optical
path.  



a  184 24. The optical pick-up system of claim 3, wherein the first light
source and the second light source are a packaged light source unit. 25.
The optical pick-up system of claim 10, wherein the first light source and
the second light source are a packaged light source unit. 26. An optical
pick-up device comprising: the optical pick-up system of claim 1; and a
light detector for detecting a reflected light flux of the first light flux
from an information recording surface of the first optical disk. 27. The
optical pick-up device of claim 26, wherein the reflected light flux
reflected on the information recording surface of the first optical disk is
incident on the light detector after the reflected light flux passes
through the objective optical system and all of plastic lenses in the
aberration correction optical system. 28. The optical pick-up device of
claim 26, further comprising an actuator for driving at least one lens in
the   t 185 aberration correction optical system in an optical axis
direction, wherein a position of the object point of the objective optical
system for the first light flux is changeably adjusted in the optical axis
direction by driving the at least one lens in the aberration correction
optical system in the optical axis direction with the actuator. 29. An
optical information recording and/or reproducing apparatus comprising the
optical pick-up device of claim 26, and a disk holder.
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0!10%\&'()-oo<ptppp"qdE~_@7 10 10 1 %M!10%\&'()-"]10%\&'()-
!10%\&'()-10%\&'()-!10%\&'()-p- 10%\&'()-"q`qqqrQrrdE~_@7 



10 10 1,2"10%\&'()-/
10%\&'()--P"10%\&'()-+!10%\&'()-f)M!10%\&'()-C'3"10%\&'()-rrss sssQsasb@7
10 10 1!X\L!10%&'()-\L!10%@&'()- 10%@&'()- 10\ 10\
10\6"10%\&'()-l4!10%\&'()-assuwwwwwXy~_=7 10 10!-yP"10%OO&'()- 10%O&'()-
10@ 10@ 10@)"10%@&'()-#"10%@&'()-#!X\L!10%&'()-Xyuzj{c|d|e|f|i||rS47 1
yY10%O&'()-10%O&'()- 10OO 10OO 10OO!J C'm"10%OO&'()-C'm"10%&'()-!<
yP"10%gg&'()-||}J}}}}dErS47 1  yY10L- 10%O&'()-)
10%O&'()-10%O&'()-M!10%O&'()-]10%O&'()- !10%O&'()-}1~k~~~!VdErS47 1  yY10
%#10%O&'()-"M!10%O&'()- P"10%O&'()-M!10%O&'()-
10%O&'()-SM!10%O&'()-V@}dErS47 1
yY101m"10%O&'()-/!10%O&'()--10%O&'()-l+!10%O&'()-I)0!10%O&'()-<
&'*10%O&'()-4mnopqtbC7 1  yY110%8&'()-910%8&'()-V 10O 10O
10O#8c10%O&'()-6m"10%O&'()-3 10%O&'()-t<>}rg\=7 1 10%$l&'()- 108 108
108/!10%8&'()-!X vm"10%H8H8&'()-vm"10%I&'()-!Jy!10%88&'()-oHIJKLuj_@7
1V10%0x&'()-V 10$l 10$l 10$lI)m"10%$l&'()-"10%$l&'()-!Q
\!10%uu&'()-\!10%$l&'()-LO5]^_`}[M?17 100x0x 100x0x 100x0x!g p"10%0x0x&'()-
p"10%0x&'()- !n y"10%0x0x&'()- !gy"10%0x0x&'()- 10%0x&'()-`adJdEM?17 100x0x
10z10%0x&'()-!10%0x&'()- 10%0x&'()-\j!10%0x&'()-
10%0x&'()-V10%0x&'()-VJ={dEM?17 100x0x
10C10%0x&'()-=v3"10%0x&'()-S!10%0x&'()-0M!10%0x&'()-P"10%0x&'()-j!10%0x&'()
-)gdEM?17 100x0x
10+P10%0x&'()-)m"10%0x&'()-|'10%0x&'()-<%"10%0x&'()-"!10%0x&'()-
10%0x&'()-J~345dE:/ 100x 100x8!10%0x&'()-6-
10%0x&'()-4m"10%0x&'()-210%0x&'()-< `0]10%0x&'()-< <.]10%0&'()-5678;wxY:/
100xm"10%0x&'()- 



J 10%0x&'()-\M!10%0x&'()- 10%0x&'()-V10%0x&'()-V910%0x&'()-V 100x,i[aB:/
100xv"10%0x&'()-S 10%0x&'()-0
10%0x&'()-"10%0x&'()-!#10%(x(x&'()-P"10%0x&'()-[~?dE:/
100x/!10%0x&'()-s-M!10%0x&'()-< P+ 10%0x&'()-vI)S10%0x&'()-
j!10%0x&'()-Pj!10%0x&'()-?zxmbC 100x|V10%0x&'()-W 100x 100x
100x#8p10%0x&'()-610%0x&'()-310%0x&'()-1 10%0x&'()- WdEmbC
100x"10%0x&'()-"10%0x&'()-  10%0x&'()-  \10%0x&'()-
10%0x&'()-910%0x&'()-WJ0dEmbC 100x' 10%0x&'()-Y"10%0x&'()-s<
6*10%0x&'()-010%0x&'()-!10%0x&'()-j!10%0x&'()-0n[dEmbC
100x3}10%0x&'()-1"10%0x&'()- / 10%0x&'()-V-J
10%0x&'()-P+!10%0x&'()-,)"10%0x&'()-bC 100x<
\10%0x&'()-10%0x&'()-V10%0x&'()-V 100x 100x 100xY @810%0x&'()-6
10%0x&'()-ZdEbC 100x 10%0x&'()-v10%0x&'()-SM!10%0x&'()-0M!10%0x&'()-
10%0x&'()- j!10%0x&'()-P<r$_dEbC 100xP+ 10%0x&'()-<
I)*10%0x&'()-&'P"10%0x&'()-%M!10%0x&'()-"10%0x&'()- =10%0x&'()-_bC
100x10%0x&'()-V10%0x&'()-sV10%0x&'()-W 100x 100x
100x#8c10%0x&'()--"10%0x&'()-V,i!dEbC
100x"10%0x&'()-"10%0x&'()-j!10%0x&'()-!10%0x&'()- !10%0x&'()-<
y10%0x&'()-!] JdEbC 100x""10%0x&'()- !10%0x&'()-"10%0x&'()-!10%0x&'()-p
10%0x&'()-Lj!10%0x&'()-$_dEbC 100x/ 10%0x&'()--m"10%0x&'()-l+ 10%0x&'()-<
I)*10%0x&'()-wC'10%0x&'()-% 10%0x&'()-QdYNC 100x 100x 100x 100xc:F
10%0x&'()-#810%0x&'()-53"10%0x&'()- 3m"10%0x&'()-1!10%0x&'()-`>YNC 100x!u
y"10%0x0x&'()-/ u y"10% &'()-/ `y"10%a&'()-/
10%0x&'()-910%0x&'()-VV10%0x&'()-V*auV7 10010%$l&'()- !10%$l&'()-yJ
10%$l&'()-10%$l&'()- 100606 100606 100606! y"10%0606&'()-/a6rdEuV7
100"10%$l&'()-SM!10%$l&'()-L
10%$l&'()-"10%$l&'()-10%$l&'()-10%$l&'()-*\dEuV7 100I)}10%$l&'()-&'
10%$l&'()-< %10%$l&'()-"10%$l&'()- !10%$l&'()-!10%$l&'()-Az BdEuV7 



1006*10%$l&'()-< 3 10%$l&'()-110%$l&'()-/ 10%$l&'()--10%$l&'()-l+
10%$l&'()-B|/bC 100 m"10%$l&'()-\10%$l&'()-10%$l&'()- 10$l 10$l
10$lF:!10%$l&'()-#8- 10%$l&'()-/?w)cdEbC 100S10%$l&'()-00!10%$l&'()-
10%$l&'()- 10%$l&'()-<  10%$l&'()-T10%$l&'()-c@dEbC
100'10%$l&'()-Y%3"10%$l&'()-#10%$l&'()- =10%$l&'()- 10%$l&'()-
10%$l&'()-1idEbC 1004 10%$l&'()-2c10%$l&'()-0
10%$l&'()-v.10%$l&'()-,!10%$l&'()- )m"10%$l&'()-Cyz{|}bC 100< y10%0x&'()-
10%0x&'()-V10%0x&'()-V 10$l 10$l 10$l< `910%$l&'()-< 610%$l&'()- :wdEbC
10010%0x&'()-c 10%0x&'()-#!10%0x&'()-  10%0x&'()-< w10%0x&'()-
G10%0x&'()-$aodEbC 100v% 10%0x&'()-S#!10%0x&'()-<
0!]10%0x&'()-310%0x&'()-!10%0x&'()-m"10%0x&'()->{dYNC 100 100x 100x 100x<
810%0x&'()-6C10%0x&'()-l4M!10%0x&'()-I2j!10%0x&'()-'!10%0x&'()-V&)LdEYNC
100 *10%0x&'()-   y10%0x&'()-y 10%0x&'()-10%0x&'()-
10%0x&'()-910%0x&'()-V)gdEYNC 100 <
@10%0x&'()-910%0x&'()-!10%0x&'()-!10%0x&'()-y10%0x&'()-V10%0x&'()-N;xdEYNC
100
*3"10%0x&'()-'!10%0x&'()-%10%0x&'()-#M!10%0x&'()-!3"10%0x&'()-c!10%0x&'()-x
,edEYNC 100  7c10%0x&'()-4 10%0x&'()-
210%0x&'()-|03"10%0x&'()-Y.M!10%0x&'()-6,- 10%0x&'()-TbC 100 10%0x&'()-\J
10%0x&'()- 10%0x&'()-V10%0x&'()-V 100x 100x 100x&9 10%0x&'()- HdEbC
100"10%0x&'()-i!10%0x&'()-cj!10%0x&'()-M!10%0x&'()- <
10%0x&'()-s10%0x&'()-:mdEbC 100'f 10%0x&'()- % 10%0x&'()-S#-
10%0x&'()-L!=10%0x&'()-!10%0x&'()-  10%0x&'()-VjxmbC 100W10%\&'()-V 100x
100x 



100x`0!10%0x&'()-PY <.10%0x&'()-6, 10%0x&'()-P) 10%0x&'()-2jdEmbC 100
10%\&'()-Y Z10%\&'()-Y 10%\&'()- S10%\&'()-yJ 10%\&'()-10%\&'()-j/bdEmbC
100 j!10%\&'()-tv =10%\&'()-#10%\&'()-3p0!10%\&'()-L10%\&'()-)
10%\&'()-3pdEmbC
100360!10%\&'()-330!10%\&'()-31!10%\&'()-3/=10%\&'()-3-!10%\&'()-3l+0!10%\&
'()-$abcdehBbC 100\"10%&'()-10%\&'()-|:10%\&'()-W 10\ 10\
10\3F:!10%\&'()-3#8M!10%\&'()-By:q}rg\= 100,:10%&'()-V 10\ 10\
10\,)i!10%\&'()-!Q P"10%ee&'()-P"10%\&'()-!J \"10%^^&'()-SBdEg\= 100J
10%&'()-j!10%&'()-!10%&'()- j!10%&'()-Y y 10%&'()-10%&'()-Bx,idEg\= 100
*10%&'()-!10%&'()-"10%&'()-pM!10%&'()-L 10%&'()-)`10%&'()-)adEg\= 100-
10%&'()-+10%&'()-Y f)*10%&'()-C'S10%&'()- % 10%&'()-"!10%&'()-={dYNC 100 10
10 10@8!10%&'()-6m"10%&'()-3m"10%&'()-Y 110%&'()-/10%&'()-o$%&'^PB4 10
10*7*7 10*7*7 10*7*7!u y"10%*7*7&'()-/!`
y"10%*r*r&'()-/y"10%*&'()-/10%*r&'()-:10%*r&'()-s'*bUdEPB4 10 10*7*7
1!10%O&'()-m"10%O&'()-!10%O&'()-  10%O&'()-< yG10%O&'()-10%O&'()-U CdEPB4
10 10*7*7 1 !10%O&'()-3"10%O&'()-10%O&'()-pm"10%O&'()-L-
10%O&'()-)!10%O&'()-.gdEPB4 10 10*7*7 13M!10%O&'()-+m"10%O&'()-3Y
f)10%O&'()-C'10%O&'()- %}10%O&'()-" 10%O&'()-9rstuvxbC 10 10*7*7
#W10%M&'()-V910%M&'()-V 10O 10O
10Oc:10%O&'()-@8!10%O&'()-6"10%O&'()-x{3?0123^PB4 10 10MM 10MM 10MM!`
"10%MM&'()- %"10%M3&'()- %!Q yl"10%&'()-myl"10%M&'()-m10%M&'()-347aVK@ 



10 10MM 108 108
108/"10%8&'()-9L"10%8&'()-*!`y!10%88&'()-10%8&'()-910%8&'()-VDydEVK@ 10
10MM 10M!10% U&'()-}10% U&'()- ]10% U&'()-Y y10% U&'()- 10% U&'()-V10%
U&'()-V'edEVK@ 10 10MM 10M!10% U&'()-Y =10% U&'()-p10% U&'()-L- 10%
U&'()-)m"10% U&'()- 10% U&'()-PB~dEVK@ 10 10MM 10l+M!10% U&'()-I)"10%
U&'()-&'- 10% U&'()-%!10% U&'()-"!10% U&'()- 10% U&'()-~%adEVK@ 10 10MM 10<
#8 10% U&'()-610% U&'()-3M!10% U&'()-1}10% U&'()-/}10% U&'()--10%
U&'()-8sbC 10 10MM 1  10%8&'()-yJ 10%8&'()-10%8&'()-#910%8&'()-s 10 U 10 U
10 UF:- 10% U&'()-sJ|dEbC 10 



10MM 1p10%8&'()-< L 10%8&'()-)=10%8&'()-
10%8&'()-10%8&'()-!10%8&'()-|2pdEbC 10 10MM 1C'J 10%8&'()- %"10%8&'()-"
10%8&'()- m10%8&'()-<  10%8&'()-&10%8&'()-!WdEbC 10 10MM 1l4m"10%8&'()-I2-
10%8&'()-/!10%8&'()--10%8&'()-+0!10%8&'()-3I) 10%8&'()-GbC 10 10MM
1yP"10%8&'()-10%8&'()-s10%8&'()-s 108 108 1088 10%8&'()-6 10%8&'()-%ZdEbC
10 10MM 1Lj!10%8&'()-)"10%8&'()-!10%8&'()-Y ]10%8&'()-10%8&'()-
P"10%8&'()-O=zdEbC 10 10MM 1%!10%8&'()-"M!10%8&'()- !10%8&'()- 10%8&'()-
10%8&'()-p"10%8&'()-zTdEbC 10 10MM 1@8 10%8&'()-610%8&'()-3j!10%8&'()-1
10%8&'()-I)m"10%8&'()-P&'!10%8&'()-EqbC 10 10MM 1010%O&'()- J
10%O&'()-y10%O&'()-10%O&'()- 108 108 108F:!10%8&'()-qZdEbC 10 10MM
110%O&'()-p*10%O&'()-L!10%O&'()-)!10%O&'()- 10%O&'()-< 10%O&'()-K~dEbC 10
10MM 1I)10%O&'()-C'#10%O&'()-%=10%O&'()-"!10%O&'()- !10%O&'()-Y
M10%O&'()-#\DdEbC 10 10MM 1610%O&'()-310%O&'()-1 10%O&'()-/
10%O&'()--10%O&'()-l+!10%O&'()-DybC 10 10MM 1  \10%0x&'()-
10%0x&'()-V10%0x&'()-W 10O 10O 10Oc:310%O&'()-@8]10%O&'()-!\ dEbC 10 



10MM 10j!10%0x&'()-10%0x&'()-10%0x&'()- 10%0x&'()-  10%0x&'()- 10%0x&'()-
E:vdEbC 10 10MM 1<
,)10%0x&'()-'10%0x&'()-$M!10%0x&'()-4"10%0x&'()--vm"10%0x&'()-S
10%0x&'()-<q#dEbC 10 10MM 15M!10%0x&'()-3-
10%0x&'()-1M!10%0x&'()-/10%0x&'()-s-!10%0x&'()-P+!10%0x&'()-#\]^_abebC 10
10MM 1\!10%0&'()-10%0x&'()-V10%0x&'()-VV10%0x&'()-V 100x 100x
100x810%0x&'()-,(cdefhirS4 10910%0x&'()-VV10%0x&'()-V 100x0x 100x0x
100x0x!g vm"10%0x0x&'()-vm"10%0x&'()-!g \!10%00&'()-ilSdErS4
10910}10%0x&'()-10%0x&'()-10%0x&'()-
!10%0x&'()-\c10%0x&'()-10%0x&'()-8ldErS4 10910 *10%0x&'()-3!10%0x&'()-v
v10%0x&'()-S 10%0x&'()-0 10%0x&'()-- 10%0x&'()-V9dErS4 109103s-
10%0x&'()-P+ 10%0x&'()-v ,)
10%0x&'()-3'10%0x&'()-$!10%0x&'()-"10%0x&'()-9n( ^ _ ` dE:/ 100x
100x3):10%0x&'()-38!10%0x&'()-3510%0x&'()-v 3
10%0x&'()-3110%0x&'()-3/]10%0x&'()-` a b c f   xY:/ 100x10%0x&'()-
z10%0x&'()-y]10%0x&'()-10%0x&'()-910%0x&'()-VV10%0x&'()-V 100x=#^ dE:/
100x"P"10%0x&'()- }10%0x&'()-Y 10%0x&'()-v 10%0x&'()- 10%0x&'()-PJ
10%0x&'()- ; u   (fdE:/ 100x/m"10%0x&'()--- 10%0x&'()-l+P"10%0x&'()-I)
10%0x&'()-&'- 10%0x&'()-%}10%0x&'()-fD~dYNC 100x 100x 100x 



100xF:- 10%0x&'()-#8P"10%0x&'()-6!10%0x&'()-Y 310%0x&'()-110%0x&'()-<dEYNC
100x !10%0x&'()-
10%0x&'()-"10%0x&'()-10%0x&'()-910%0x&'()-VV10%0x&'()-V<zMdEYNC 100x
j!10%0x&'()-Y p]10%0x&'()-L10%0x&'()-F- 10%0x&'()-
10%0x&'()-"10%0x&'()-<zdEYNC 100x *!10%0x&'()-' 10%0x&'()-v%"10%0x&'()-6#
10%0x&'()-! 10%0x&'()-M!10%0x&'()-&SAdEYNC 100x 7"10%0x&'()-p5P"10%0x&'()-3
10%0x&'()-< 010%0x&'()-.10%0x&'()-p, 10%0x&'()-Az{|}bC 100x
!10%M&'()-\10%M&'()-10%M&'()-s10%M&'()-W 100x 100x 100x:10%0x&'()-5m HdEbC
100x!10%M&'()-LP"10%M&'()-  y10%M&'()-10%M&'()-)10%M&'()-!10%M&'()-H>zdEbC
100x(10%M&'()-\&
10%M&'()-$"10%M&'()-!M!10%M&'()-m"10%M&'()-#m"10%M&'()-*^dEbC
100x5"10%M&'()-310%M&'()-c110%M&'()-@/10%M&'()--
10%M&'()-*!10%M&'()-D{|}~bC 100xP@10%M&'()- 10%M&'()-V10%M&'()-s 10M 10M
10M):|10%M&'()-7"10%M&'()-2ndEbC 100xl"10%M&'()-
c10%M3&'()-P10%M&'()-Pi!10%M&'()-P 10%M&'()-Pc i!10%M&'()-TGdEbC 100xl%
10%M&'()-l#m"10%M&'()-l!10%M&'()-l)!10%M&'()-lP"10%M&'()-lp4"10%M&'()-5sdEb
C 100x 210%M&'()-l010%M&'()-l.4"10%M&'()-l, 10%M&'()-lL*
10%M&'()-l(!10%M&'()-0mnopsbC 100x\J 10%O&'()-10%O&'()- 10M 10M
10Ml`9!10%M&'()-l<710%M&'()-l5m"10%M&'()-#^ dEbC
100xL!10%O&'()-)P"10%O&'()- 10%O&'()- 10%O&'()-m"10%O&'()- *10%O&'()- O
1!n!dEbC 100x %!10%O&'()-"10%O&'()-Y
]10%O&'()-10%O&'()-m"10%O&'()-p0!10%O&'()-n!!!";"w""dEbC
100x1!10%O&'()-/0!10%O&'()-- 10%O&'()-Y l+`10%O&'()-I)10%O&'()-&'
10%O&'()-""######Q%b@ 100x!Q"10% U U&'()-/ 10% U&'()-#910% U&'()-V 10O 10O
10OV610%O&'()-3410%O&'()-Q%&+(,(-(.(/(2(3(rS4 10`'910% U&'()-10% U&'()-910%
U&'()-V 10 



U U 10 U U 10 U U!n "10% U U&'()-/!Q "10% U U&'()-/3(q((()W))dErS4
10`'91010% U&'()-J 10% U&'()-]10% U&'()-j!10% U&'()-  10% U&'()-\"10%
U&'()-)))*I***dErS4 10`'910"0!10% U&'()- 10% U&'()-!10% U&'()-Y v 10%
U&'()-p10% U&'()-0j!10% U&'()-**1+m+++,dErS4 10`'910/10% U&'()-s-*10%
U&'()-P+J 10% U&'()-I)j!10% U&'()-&' 10% U&'()-%g 10%
U&'()-,>,{,,,!-"-#-$-dYNC 10`'91 10 U 10 U 10 UF:*10% U&'()-#810%
U&'()-6"10% U&'()-3!10% U&'()-Y 110% U&'()-$-'-..a/011~\=2C 1
10@1!10%@&'()-P!g y"10%@J@J&'()- %!| y"10%@c@c&'()- %  y"10%&&&'()-
%y"10%@&'()- %10%@&'()-111111292u2mN/M!10%M&'()-< 10%M&'()-
10%M&'()-yj!10%M&'()-10%M&'()-V10%M&'()-V 10@
10@u222'3c333dEmN/M!10%Mj!10%M&'()-- 10%M&'()-p!10%M&'()-L- 10%M&'()-)
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10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.ZZZZZZZdD< 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZaE)< 10%h%&'()-.
10%h%&'()-.)AoyI}s   10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZhH<
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.ZZZZZZZeI)< 10%h%&'()-. 10%h%&'()-.) 10%h%&'()-.AoyI}s
10%h%&'()-.( 10%h%&'()-.ZZZZZZZcC< 10%h%&' 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZaE% 10%h%&'()-.
10%h%&'()-.AoyI}s   10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZhH
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.ZZZZZZaAH 10%h%&'( 10%h%&'()-.AoyI}s 



10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZcC 10%h%&'( 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.ZZZZZZZaA%
10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s   10%h%&'()-.
10%h%&'()-.ZZZZ[[[_? 10%h%&'()- 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-.[[[[ [[[}aE% 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.AoyI}s   10%h%&'()-. 10%h%&'()-.[[[[[ [![_C 10%h%&'()
10%h%&'()-.- 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.!["[#['[([+[.[fF& 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-.AoyI}s  .[2[4[6[9[<[>[_? 10%h%& 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.>[@[C[E[G[J[N[_?
10%h%& 10%h%&'()-. 10%h%&'()-. 



10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.N[O[P[Q[R[W[Z[jJ*
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s
10%h%&'()-.Z[^[_[a[d[f[c* 10%h%&'()-. 10%h%& 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-.f[g[i[j[k[l[m[jN2 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s  m[n[o[p[q[r[s[N2
10%h%&'()-.AoyI}s   10%h%&'()-. 10%h%&'()-.y 10%h%&'()-.
10%h%&'()-.s[t[u[v[w[x[y[z[tX< 1 10%h%&'()-.y 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-.y 10%h%&'()-. 10%h%&'()-.z[{[|[}[~[[[jN2<
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s
10%h%&'()-.[[[[[[[l*<AoyI}s   10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-.[[[[[[[[pT4Aoy 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 



10%h%&'()-. 10%h%&'()-. 10%h%&'()-.[[[[[[[eE% 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.%AoyI}s  ( 10%h%&'()-.( 10%h%&'()-.[[[[[[[cC 10%h%&'()
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.[[[[[[[jN2 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-..AoyI}s  [[[[[[[J. 10%h%&'()-.AoyI}s   10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-.[[[[[[[[tT8 1 10%h%&'()-.y 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.[[[[[[[jN28 10%h%&'()-.
10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s   10%h%&'()-.[[[[[[[t28AoyI}s
10%h%&'()-. 10%h%&'()-.y 10%h%&'()-. 10%h%&'()-.
10%h%&'()-.[[[[[[[cC8AoyI}s  10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 



10%h%&'()-.( 10%h%&'()-.[[[[[[[eE% 10%h%&'()-. 10%h%&'()-.AoyI}s
10%h%&'()-. 10%h%&'()-.( 10%h%&'()-.[[[[[[[\oS3 1 10%h%&'()-. 10%h%&'()-.y
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.( 10%h%&'()-.\\\\\ \\aE)3
10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.AoyI}s  ( 10%h%&'()-.\\
\\\\\tX3 10%h%&'()-. 10%h% 10%h%&'()-. 10%h%&'()-. 10%h%&'()-. 10%h%&'()-.
10%h%&'()-. 10%h%&'()-.\\\\\\a@X3 10%h%&'( \310%(#&'()-  \310%(#&'()-
\310%(#&'()- 10%h%&'()-.AoyI}s  \#\.\1\5\8\H\|[:3 10%h% \L!c10%(#&'()-9
\L!c10%(#&'()-9 \HL!c10%(#&'()-9 \310%(#&'()- \310%(#&'()-
\310%(#&'()-H\K\[\^\`\c\e\|[:3 10%h% \L!c10%(#&'()-9 \L!c10%(#&'()-9
\L!c10%(#&'()-9 \L!c10%(#&'()-9 \HL!c10%(#&'()-9 \
L!c10%(#&'()-9e\h\s\z\|\}\~\\\sfY8 10%
\\t10%(#&'()-V-10(#!10(#10(#P"0|10%(#&'()- \L!c10%(#&'()-9 \hL!c10%(#&'()-9
\L!c10%(#&'()-9\\\\L]M]]]|`@fY8 10% \!10%(#&'()-!10%(#&'()-( \ !10%(#&'()-
\y10%(#&'()- \f10%(#&'()- \#910%(#&'()-V]]^]n]o]p]q]w]~bBfY8 10%
\!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-\!10%(#&'()-!10%(#&'()-w]}]]]]]]uY9fY
8 10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-]]]]]]]uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-]]]]]]]uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-]]]^^^^uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-^"^.^9^:^=^H^uY9
fY8 10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-H^T^_^k^l^o^z^uY
9fY8 10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-z^^^^^^^uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-^^^^^^^uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-^^^^^^^uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-^______uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-_)_5_A_B_E_Q_uY9
fY8 10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-Q_\_g_s_t_w__uY9
fY8 10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-_______uY9fY8
10%
!10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-_______uY9fY8 



10% !10%(#&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-___`
``S`uZ9fY8 10%  \$
10%%&'()-!10%(#&'()-)?f!!10%(#&'()-!10%(#&'()-!10%(#&'()-S`T`]`e`n`v`w`y`dF
*&10%%&'()- 'kg 0&10%%&'()- &10%%&'()- &10%%&'()- &10%%&'()- &10%%&'()-
y```````eE*&10%%&'()- &10%%&'()- &10%%&'()- &10%%&'()- )'kg &10%%&'()-
&10%%&'()- ````````hL,&10%%&'()- &10%%&'()- 'kg &10%%&'()- &10%%&'()-
&10%%&'()- 'kg ```````aeG+&10%%&'()- 'kg &10%%&'()- &10%%&'()- &10%%&'()-
'kg &10%%&'()- aaaa a,a8aeE+&10%%&'()-&10%%&'()- &10%%&'()- &10%%&'()- 'kg
-&10%%&'()- &10%%&'()- 8a9a=aIaTaUaYadahL,&10%%&'()- &10%%&'()- 'kg
&10%%&'()- &10%%&'()- &10%%&'()- 'kg daoapataaaaaeG,&10%%&'()- 'kg
&10%%&'()- &10%%&'()- &10%%&'()- 'kg &10%%&'()- aaa5b6b7b8b9b:bvU4&
\c#V10%%&'()-s \\t10%%&'()-V%10%10%10% \9 10%%&'()- \7 10%%&'()- \Y
510%%&'()-:b>b|bbb*chc|[:vU4& \ \"10%%&'()-\ \s!10%%&'()- \10%%&'()- \
10%%&'()- \y"10%%&'()- \10%%&'()-hcccd=dsdd|[:vU4& \ \!!10%%&'()-\
\10%%&'()- \Y y10%%&'()- \s10%%&'()- \3!10%%&'()-= \M!10%%&'()-dd#e]eee
f|[:vU4& \ \#/C10%%&'()-\ \, 10%%&'()- \*m"10%%&'()- \( 10%%&'()- \@&-
10%%&'()- \$10%%&'()- f$fWfffgggg|[NA4&10%10%10%\ \):10%%&'()- \8!10%%&'()-
\5M!10%%&'()- \Y 



3=10%%&'()- \1 10%%&'()-g gggGggg|[:NA4&10 \!10%%&'()-\ \ !10%%&'()- \\
10%%&'()- \f10%%&'()- \cV10%%&'()- \\t10%%&'()-sgg6hthhhi|[:NA4&10
\m"10%%&'()-\ \< 10%%&'()- \i10%%&'()- \FP"10%%&'()- \# 10%%&'()-
\M!10%%&'()- i:iuiiij=j|[:NA4&10 \  *10%%&'()-\ \c($10%%&'()- \&P"10%%&'()-
\#!10%%&'()- \i! 10%%&'()- \10%/%&'()-=jzjjj+kOk[k\k|[:-410% \v710%%&'()-\
\S510%%&'()- \0310%%&'()- \)1 10%%&'()- \/!10%%&'()-
\,!10%%&'()-\k]k^k_k`kdkkkbA410% \ \ i!10%%&'()- \  \|10%%&'()- \I10%%&'()-
\cV10%%&'()-s \\W10%%&'()-W10%10%kllllll%l(lvU410 \"10%&&'()- \"10%&&'()-
\H 10%&&'()- \@s10%&&'()-V10%10%10% \P"10%%&'()-(l*l,l5lHlYlbl|[:vU410 \
\10%#&'()-'\ 10%X$X&'()-'\ X10%$&'()-'\ Xh10%s$&'()-' :h10%$&'()-'
\"10%&&'()-blllllll|[:vU410 \ \10%#&'()-'\ \10%$&'()-'\ \10%$&'()-'\
\H10%$&'()-' \D10%z$&'()-' \10%$&'()-'llmm<mRm`m|[:vU410 \ 10%I&I&'()-'\
\10%&&'()-'\ \10%&&'()-'\ \10%&&'()-' \10%$&'()-'
\10%$&'()-'`mjmnmompmsmumfFvU410 \
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0 \10%&&'()-
\10%&&'()-'umxmzm{m|m}m~mkOvU410 \
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0~mm
mmmm|\<OvU410 \ 810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW }
4mmmmmmmgKvU410 \
81810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0m
mmmmmmdH,vU4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G{
r;aW } 4mmmmmmmt,vU4G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'0mmmmmmmmhH,48
10%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%
&&'()-'0mmmmmm;hH,4810%G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0mmmmmmmmlL,4810%&&'()-'081
0%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0mmmmm
mmmhL,4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'(
)-'0810%&&'()-'0mmmmmmmdH,4810%&&'(810%&&'()-'0810%&&'()-'0810%&&'()-'0810%
&&'()-'0810%&&'()-'0810%&&'()-'0mmmmmmW;H,481810%&&'()-'0G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0mmmmmmmmlP04810%&&'()-'0810%&&'()-'081
0%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0mmmmnnn_C'0810%&&
'()-'0810%&&'()-'0G{ r;aW } 4'810%&&'()-'00810%&&'()-'0810%&&'()-'0nnn
nnnn_?0810%&&'(810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0
810%&&'()-'0nnnnnn[??0810%&&'(810%&&'()-'0G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0nnn
n!n"n#n%nkO/810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'0810%&&'()-'081
0%&&'()-'0810%&&'()-'0%n'n+n,n.n/n;kO/G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0/n0n1n3n5n7n:nhH/G{ r;
a810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0:n
=n?n@nEnFnHngG/G{ r;
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0HnI
nJnKnMnPn`@G/G810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW }
4PnRnUnXn[n^n_n_C/G810%&&'()-'0'810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'
()-'0810%&&'()-'0_nancndnenfngn?#810%&&'()-'0G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0gnjnlnnnqnsnun_?810%&&'()-
'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0u
nwnxnzn{n|n}nk#G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0}n~nnnnnnnhH,{
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810
%&&'()-'0nnnnnnn_C',810%&&'()-'0(810%&&'()-'0G{ r;aW }
4'810%&&'()-'0810%&&'()-'0(810%&&'()-'0nnnnnnnnpP08810%&&'()-'0810%&&'()-'0
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0nnnnnnn|`D$810%
&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW }
4810%&&'()-'0nnnnnnnnpP4810810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0
810%&&'()-'0810%&&'()-'0810%&&'()-'0nnnnnnndH,4810%&&'()-'0&810%&&'()-'0810
%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW } 4nnnnnnnt,4G{ r;aW } 



4810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'0nnnnnnnntX<G{
r;
aW810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0
810%&&'()-'0nnnnnn;tX<G{ r;aG{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0nnnnnnnnpP4G{810%&&'()-'08
10%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0nnnn
nnngK4G{810%&&'(810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0(810%&&'()-
'0(810%&&'()-'0nnnnnnndH,4810%&&'()-'0&810%&&'()-'0810%&&'()-'0810%&&'()-'0
810%&&'()-'0&G{ r;aW } 4nnnnnnnt,4G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'0nnnnnnnntX<G{
r;
aW810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0
810%&&'()-'0nnnnnnndH,<810%&&'()-'0810%&&'()-'0G{ r;aW }
4810%&&'()-'0W810%&&'()-'0810%&&'()-'0nnnnnnnntX<810%810%&&'()-'0810%&&'()-
'0W810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'0nooooo{_CtX
<810%810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW } 4(810%&&'()-'0oooooo
ookO3810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-
'0(810%&&'()-'0ooooooodH(3810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G
{ r;aW }
4810%&&'()-'0oooooooopT8810810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0
810%&&'()-'0810%&&'()-'0810%&&'()-'0oo
o!o"o#o$o{_C'8810%&&'()-'00810%&&'()-'00810%&&'()-'00810%&&'()-'00G{ r;aW }
4(810%&&'()-'0$o%o&o'o(o)o*otX8810%&&'()-'00810%&&810%&&'()-'0810%&&'()-'08
10%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0*o+o,o-o.o/o0odH,8810%&&'()-
'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW }
40o1o2o3o4o7o8op(8G{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'0810%&&'()-'08o9o:o;
o<o=o>o?otX<{ r;aW }
4810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0W810%&&'()-'08
10%&&'()-'0?oAoBoDoEoFoGo[?#810%&&'()-'0810%&&'()-'0G{ r;aW }
4810%&&'()-'0810%&&'()-'0(810%&&'()-'0GoHoIoJoKoLoNoOotT8810%&&810%&&'()-'0
810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0OoR
oSoToUoVoWo{_C'8810%&&'()-'00810%&&'()-'0810%&&'()-'0810%&&'()-'0G{ r;aW }
4(810%&&'()-'0WoXoYoZo\o^o`olL8810%&&'()-'008810%&&'()-'0810%&&'()-'0810%&&
'()-'0810%&&'()-'0810%&&'()-'0810%&&'()-'0`oaobocodoeofodH,8810%&&'()-'0810
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:= 0d10%$&'()-Q00d10%$&'()-Q0d10%$&'()-Q0(d10%$&'()-Q0
_C44ddMd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0!#$'lL44ddMdd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q
0d10%$&'()-Q0'(),02vV6L44dd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0M
|A := 2679:;
ACkK+4d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0%d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0CDFHIJV:kK+4d1d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0JNPTUWYcC+4d1dd10%$&'()-Q0d10%$&'()-Q0d
10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0YZ\]_`:C+4d1M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0`abcdefgtX<4d1Md10%$&'()-Q0
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0ghj
kmn:tX<4d1M|A 



:=
&d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0noprstuvpT84dd10%$&'()-Q0d
10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0vwxy
{|>pT84dM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0|}~hH84dMd10%$&'()-Q0d10%$&
'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0_?84dMd10%$&'()-Q0d10
%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0dD84dMd10%$&'()-Q0
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0uY9D84dd10%$&'(
)-Q0d10%$&'()-Q0%d10%$&'()-Q0M|A :=
d10%$&'()-Q0cC84dd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0qU9C84dd10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0pT44d10%$&'()-Q0d10%$&'()-Q00d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0qU9pT44d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0pT44d10%$&'()-Q0d10%$&'()-Q00d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0qU9pT44d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0lL04d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q
0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0cC04d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$
&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q01C04M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
tX84Md10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()
-Q0d10%$&'()-Q06tX84MM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
!"#$'tX84MMd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%
$&'()-Q0d10%$&'()-Q0'(+.236tX84MM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0345678:<tT44Md10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0<=?AD
E6tT44MM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0EFGHIJLNtT44Md10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0NORUW
X6tT44MM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0XYZ[\]_atT44Md10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0abdef
g>tT44MM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0ghikmoqhH44MMd10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0qtvyz{|}gK/4d10%$
&'()-Q0d10%$&'()-Q0Qd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'
()-Q0}~z^B&/d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0M|A
:=
tX/d10%$&'()-Q0d10%$&'d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$
&'()-Q0d10%$&'()-Q0z^B&/d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10
%$&'()-Q0M|A :=
kO/d10%$&'()-Q0d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0zZ:O/d10%$&d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
M|A :=
cC/d10%$&d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&
'()-Q0uY9C/d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0cC/d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'
()-Q0d10%$&'()-Q0qU9C/d10%$d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0_?/d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'
()-Q0d10%$&'()-Q0d10%$&'()-Q0cC/d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0qU9C/d10%$d10%$&'()-Q0d10%$&'()-Q01M|A :=
d10%$&'()-Q0d10%$&'()-Q0tX<d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'
()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0z^B&<d10%$&'()-Q0d10%$&'()-Q0d10%$
&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0lP4d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
z^>lP4d10%d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q01M|A := d10%$&'()-Q0
pP0d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0qU9pP0d1d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0
!"%(+pP0d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$
&'()-Q0d10%$&'()-Q0+/1234qU9pP0d1d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q048<@DGI_?0d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10
%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0IMPRSTQ5?0d1d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0TWXYZ[\aoS3d1d10%$&'()-Q0d10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0abdehilmlL0d1d10%
$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'
()-Q0mpqrstuY=lL0d1d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0tuvy|hH0d1d10%d10d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0_?0d1d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%
$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0qU9?0d1dd10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0_?0d1dd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()
-Q0d10%$&'()-Q0d10%$&'()-Q0Q5?0d1d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0pP0d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0Q5pP0d1d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0_?0d1d1d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q01?0d1M|A 



:= d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0dD0d1M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0_?0
d1M|Ad10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0"&+_?0d1M|Ad10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d1
0%$&'()-Q0+/1246qU5?0d1Md10%$&'()-Q0d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0689=>ABEgK+d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%
$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0EFLMRSUVlL0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0VYZ]_aclL0d
10%$&'()-Q0d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q
0abcdefgz^B&0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0M|
A :=
ghijklmtX0d10%$&'()-Q0d10%$&'d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0mnopqrsz^B&0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d
10%$&'()-Q0d10%$&'()-Q0M|A :=
stuvz{|pT0d10%$&'()-Q0d10%$d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
d10%$&'()-Q0d10%$&'()-Q0|}~z^>T0d10%$&'(d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q
0d10%$&'()-Q0M|A :=
lP4d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0glP4d10%d10%$&'()-Q0d10%$&'(d10%$&'()-Q0(d10%$&'()-Q0d10%$&
'()-Q0(d10%$&'()-Q0d10%$&'()-Q0vV6lP4d10%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0M|A :=
kK/dd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0=d10%$&'()-
Q0d10%$&'()-Q0zZ:kK/dd10d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q00d10%$&'()-Q00M
|A :=
_C/dd10d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0V:C/dd10d10%$&'()-Q0M|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0tX<dd10d10%$&'()-Q0d10%$&'()-Q0d10%$&'(
)-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0Z>tX<dd10d10%$&'()-Q0M|
A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0tT8ddd10%$&'()-Q0d10%$&'()-Q0d10%$&'()-
Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0Y=tT8ddd10%$&'()-Q0M|A :=
(d10%$&'()-Q0(d10%$&'()-Q0(d10%$&'()-Q0tX<ddd10%$&'()-Q00d10%$&'()-Q0d10%$&
'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0
Y=tX<ddd10%$&'()-Q0M|A := (d10%$&'()-Q0(d10%$&'()-Q0(d10%$&'()-Q0
tX<ddd10%$&'()-Q00d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()
-Q0d10%$&'()-Q0Y9tX<ddd10%$&'()-Q0M|A :=
(d10%$&'()-Q0(d10%$&'()-Q0(d10%$&'()-Q0#'+.2_?<ddd10%$&'()-Q0d10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q02479=>1?<dM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0>FHIJKLNpT4dMd10%$&'()-Q0d1
0%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0NPW_g
h1pT4dM|A :=
d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0hijklmnotX<dM|d10%$&'()-Q0d
10%$&'()-Q0d10%$&'()-Q0%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0opq
rstuB'<d10%$&'()-Q0M|A :=
%d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0d10%$&'()-Q0uy||[:<d10%$& FP"10%&'()-L
FP"10%&'()-L FP"10%&'()-L FP"10%&'()-j FP"10%&'()-j( FP"10%&'()-j|[:<d10%$&
FP"*10%&'()-4 FP"*10%&'()-4 FP"*10%&'()-4 FP"$10%&'()- FP"10%&'()-L(
FP"10%&'()-LvU410% F|y10%&'()- FI10%&'()- FF#V10%&'()-V101010
FP"*10%&'()-4( FP"*10%&'()-4cGvU410%
F|y10%T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-( F
!10%&'()-}]=vU410%
FT3"10%&'()-T3"10%&'()-T3"10%&'()-)?_2"T3"10%&'()-(T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-#,567U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-7BMXcdgU9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-gr~U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-+,5U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-5<>GPQTU9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-T[]dkloU9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-ozU9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-(348U9vU410%
T3"10%&'()-)?_2"T3"10%&'()-T3"10%&'()-T3"10%&'()-T3"10%&'()-8CNYefgU:vU410%
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&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+L00x 10% &'()-~.;cJx+x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.kK+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~..x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.
hL0+x 10% &'()-~.x 10% &'()-~.)x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;
cJx+hL0+x 10% &'()-~.x 10% &'()-~.);cJx+x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~."kK+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.~x 10% &'()-~.x 10% &'()-~."#$%&'(pT8+x x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+()*+,-.pT8+x x 10% &'()-~.x 10%
&'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~..023468gG+x x 



10%x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.89:;=@AlL0+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.;cJx+ABEGHIJhL0+x 10% &'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.JLOPQUWgG+x 10% &'(x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.WXYZ]_`lL0+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+`adfghihL0+x 10%
&'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.ilopqsugG+x
10% &'(x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.uvxy{~lL0+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.;cJx+hL0+x 10% &'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.cC+x 10% x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.lL0+x 



10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+hL,+x
10% &'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.tX+x
10% &'()-~.x 10x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.lL0+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.;cJx+hL0+x 10% &'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x
10% &'()-~.x 10% &'()-~.gG+x 10% &'(x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.pT8+x x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+pT8+x x 10% &'()-~.x 10%
&'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.gG+x x 10%x 10% &'()-~.x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.lL0+x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 



10% &'()-~.x 10% &'()-~.;cJx+hL0+x 10% &'()-~.x 10% &'()-~.;cJx+x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.tX+x 10% &'()-~.x 10x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.lP4+x 10%
&'()-~.x 10% &'()-~.&x 10% &'()-~.&x 10% &'()-~.&x 10% &'()-~.;cJx+ P4+x
10% &'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~. lL,x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.pT8,x x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.;cJx+ "$%&'hL0,x 10% &'()-~.&x 10% &'()-~.&;cJx+x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.')*+,-.oS,x 10% &'()-~.&xx 10% &'()-~.x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.~x 10% &'()-~.x 10%
&'()-~../01379lL,,x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.;cJx+9<=>ADEg+,;cJx+x 10% &'()-~.x 



10% &'()-~.x 10% &'()-~..x 10% &'()-~.x 10% &'()-~.EFGMPQRUlP0;x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.UXYZ[_ckK+0x 10% &'()-~.x 10% &'()-~.x 10% &'()-~..x 10%
&'()-~.;cJx+(x 10% &'()-~.cdfkmnoH,0x 10% &'()-~.);cJx+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.opuyz|hH0x 10% &'()-~.)x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.gG'0x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~..;cJx+x 10% &'()-~.H,0x 10%
&'()-~.;cJx+)x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.hH0x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.kK+0x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.~x 10% &'()-~..;cJx+x
10% &'()-~.H,0x 10% &'()-~.);cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.hH0x 10% &'()-~.)x 10% &'()-~.x 10% &'()-~.x 



10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.gG'0x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~..;cJx+x 10% &'()-~.H,0x 10% &'()-~.;cJx+)x
10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.hH0x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.
!&*kK+0x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.~x 10% &'()-~..;cJx+x 10%
&'()-~.*+-2456H,0x 10% &'()-~.);cJx+x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.67;?@BFhH0x 10% &'()-~.)x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.FHIJLQUgG'0x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~..;cJx+x 10% &'()-~.UVX\_`eH,0x 10%
&'()-~.;cJx+)x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.efntuw~hH0x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.~kK/0x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.~x 



10% &'()-~..;cJx+x 10% &'()-~.T80x x 10% &'()-~.;cJx+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.pP4x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.hH,4x 10%
&'()-~.&x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+lP44x x
10% &'()-~.x 10% &'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.gK4x x
10% &'(x 10% &'()-~.(x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x
10% &'()-~.dD(4x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.;cJx+lP44x 10x 10% &'()-~. x 10% &'()-~.;cJx+x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.pT4x 10x 10% &'()-~. x 10% &'()-~.x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.lL,4x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 



10% &'()-~.x 10% &'()-~.;cJx+cG'4x 10% &'()-~.x 10% &'()-~.;cJx+x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.tX4x 10% &'()-~.x 10% x 10% &'()-~.x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.pT84x 10%x 10%
&'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.;cJx+ pU44x
10%&'()-x 10% &'()-~.;cJx+x 10% &'()-~.x 10% &'()-~.x 10% &'()-~.3N~}\;4x
10%&'()-  10%&'()-10%&'()-  10%&'()- 10%&'()-( H10%&'()-7;<|[<21010%&'()-
10%&'()- 10%x&'()-  10%&'()- 10%&'()-(
10%&'()-<=>BMpT<10010%u&'()-010%u&'()- F *10%u&'()- |#10%u&'()-
10%u&'()-1010kS7<10010%u&'()-(010%u&'()-010%u&'()-010%u&'()-010%u&'()-sW7<1
0010%u&'()-010%u&'()-010%u&'()-010%u&'()-010%u&'()-$%)56xX@<10010%u&'()-010
%u&'()-010%u&'()-010%u&'()-67}~hJ.<+10%"&'()-'&M
+10%"&'()-+10%"&'()-+10%"&'()-
3P"10%"&'()-010%u&'()-eE.<+10%"&'(+10%"&'()-+10%"&'()-+10%"&'()-'&M
(+10%"&'()-+10%"&'()-hL,<+10%"&'()-+10%"&'()-'&M
+10%"&'()-+10%"&'()-+10%"&'()-'&M '(.eG+<+10%"&'()-'&M
+10%"&'()-+10%"&'()-+10%"&'()-'&M +10%"&'()-.9GHIeD+<+10%"&'() & 10%"&'()-
Y $}10%"&'()-+10%"&'()-'&M -+10%"&'()-+10%"&'()-0n|[:+<+10% l4 10%"&'()-
,2!10%"&'()- 0 10%"&'()- -!10%"&'()- P+10%"&'()- )!10%"&'()-]vU4+
\C10%5'&'()- 10%5'&'()- W10%5'&'()-V10"10"10" C9 10%"&'()- 6!10%"&'()- G1
|[:vU4+  \10%5'&'()- cc10%5'&'()- #l"10%5'&'()- P"10%5'&'()-  10%5'&'()-
10%5'&'()-1 o    -|[:vU4+  %"10%5'&'()-   #\10%5'&'()- ! 10%5'&'()-
)`10%5'&'()- 10%5'&'()- l"10%5'&'()-vU4+ ,10%5'&'()-
W10%5'&'()-V105'105'105' 7M10%5'&'()- p5@10%5'&'()- 3!10%5'&'()- V      



|obU4+ W10%5'&'()-V105'105'105' 10%5'&'()- !10%5'&'()-  I 10%5'&'()-
\10%5'&'()-       |[:bU4+  f10%]&&'()-$ hv10%V&&'()-` !10%5'&'()-k
!10%5'&'()-k  10%&&'()-s 10%5'&'()-   7Q|[:bU4+  f10%5'&'()-$ Yf10%e&&'()-$
f10%e&&'()-$ f10%e&&'()-$ f10%s&&'()-$ tf10%e&&'()-$|`DbU4+
10%5'&'()-010%5'&'()-0 f10%5'&'()-$ f10%5'&'()-$ f10%5'&'()-$ f10%5'&'()-$
oSbU4+
10%10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0hL0bU4
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;c<T!9\
hL0bU410%5'&'()-010%5'&'()-0;c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0
!"#$%&tXbU410%5'&'()-01010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'
()-010%5'&'()-0&')+,01hH,bU410%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%
5'&'()-0;c<T!9\148:;<=cG+bU410%5'&'()-0010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0=?@ABDGkKbU410%5'&'()-0010%5'&'()-01
0%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0GHIJLQRlL0bU410%5'&'(
)-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;
c<T!9\RTVXYZ]cG'b10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0]^_`cfiolL,10%5'&'()-010%5'&'()-010%
5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0opqstvwlL0,10%5'&'()-01
0%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;
c<T!9\wxz{|}lP0,10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0lL,10%5'&'()-010%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL0,10%5'&'()-010%5'&'()-010%5'
&'()-010%5'&'()-010%5'&'()-0;c<T!9\lP4,10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0lP,10%5'&'()-010%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0lP4,10%5'&'()-010%5'&'()-010%5'
&'()-010%5'&'()-010%5'&'()-0;c<T!9\pP4,10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC,10%10%5'&'()-010%5'&'()-010%5'&'(
)-010%5'&'()-010%5'&'()-010%5'&'()-0pT8,10%5'&'()-0%10%5'&'()-010%5'&'()-01
0%5'&'()-010%5'&'()-0;c<T!9\lP4,10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC,10%10%5'&'()-010%5'&'()-010%5'&'(
)-010%5'&'()-010%5'&'()-010%5'&'()-0lL,,10%5'&'()-010%5'&'()-010%5'&'()-010
%5'&'()-010%5'&'()-0;c<T!9\hL0,10%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC,10%5'10%5'&'()-010%5'&'()-010%5'&
'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL,,10%5'&'()-010%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-0;c<T!9\  G+,10%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0hH,10%5'&'()-0;
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0
!$&kK+,10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-0&()+-.0G+,10%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0013589<hH,10%5'&'()-0;
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0<?@ABCDkO
3,10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-0DEFGHIKT4,10%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0KLMPQSTVlP010%5'&'()-010%
5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0VWYZ\]_lL010
%5'&'(10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0_`a
bdfhlL,010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0;
c<T!9\hilnoqrhL0010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0rtwz{}cC010%5'10%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL,010%5'&'()-010%5'&'()-010%5'
&'()-010%5'&'()-010%5'&'()-0;c<T!9\hL,010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC010%5'10%5'&'()-010%5'&'()-010%5'&
'()-010%5'&'()-010%5'&'()-010%5'&'()-0pT8010%5'&'()-0%10%5'&'()-010%5'&'()-
010%5'&'()-010%5'&'()-0;c<T!9\pT8010%5'&'()-0%10%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0tX010%5'&'()-0%10%5'&'()-010%5'&'()-
010%5'&'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL,010%5'&'()-010%5'&'()-010%5
'&'()-010%5'&'()-010%5'&'()-0;c<T!9\hL0010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC010%5'10%5'&'()-010%5'&'()-010%5'&
'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL,010%5'&'()-010%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-0;c<T!9\hL0010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0cC010%5'10%5'&'()-010%5'&'()-010%5'&
'()-010%5'&'()-010%5'&'()-010%5'&'()-0lL,010%5'&'()-010%5'&'()-010%5'&'()-0
10%5'&'()-010%5'&'()-0;c<T!9\hL,010%5'&'()-010%5'&'()-0;
c<T!9\10%5'&'()-010%5'&'()-010%5'&'()-0$(*02_?010%10%5'&'()-010%5'&'()-010%
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