
;wxyz{|e3e:LjF6T:5d/ w 1 DESCRIPTION Method and Apparatus for Producing
Objective Lens Unit Technical Field This invention relates to a method and
apparatus for producing an objective lens unit made up by a plural number
of objective lenses and which may be used with advantage for an optical
pickup used in turn for writing information signals on a optical recording
medium and for reading out information signals recorded thereon. Background
Art Up to now, an optical recording medium, exemplified by an optical disc,
has been used as a recording medium for information signals. An optical
pickup device is used for writing or reading out information signals on or
from an optical recording medium. The optical pickup device includes a
semiconductor laser, as a light source for radiating a light beam to be
illuminated on the optical recording medium, and an objective lens unit for
condensing the light beam radiated from the semiconductor laser for
illuminating the light beam to a signal recording surface of the optical
recording medium. In the optical pickup device, the spot diameter of the
light beam illuminated on the signal recording surface of the optical
recording medium may be reduced to realize high recording density of the
information signals recorded on the optical recording      2 medium to
enable readout of the information signals recorded to high density. For
reducing the spot diameter of the light beam illuminated on the signal
recording surface of the optical recording medium, it is effective to
shorten the wavelength of the light beam radiated from the light source and
to enlarge the numerical aperture (NA) of the objective lens condensing the
light beam. The present Assignee has proposed an objective lens unit of a
larger numerical aperture (NA) in JP Laying-OpenPatent Publication
H-8-31S404 and JP Laying-Open Patent Publication H-10-123410. The objective
lens unit disclosed in this Patent publication is composed of a double-lens
set made up of two lenses, and has a numerical aperture not less than 0.7.
Up to now, a lens composed of one lens set made up by a single lens, or
socalled a "single lens", has been used extensively as an objective lens
unit used in an optical pickup device. The single lens can be prepared by
so-called glass mold forming. A lens of high performance can be formed with
high reproducibility by fabricating the metal die to high precision and by
high precision temperature management during casting. If the lens is to
have a larger value of the numerical aperture (NA) of for example 0.7 or
larger, a larger refractive power is required of the lens, such that the
first surface of the light beam incident side of the lens needs to be a
non-spherical surface with a larger curvature. In light of for example mold
release properties, it is extremely difficult to form the objective lens
unit having a nonspherical surface of a large curvature using a metal die.
Moreover, with an objective     3 lens unit having a non-spherical surface
of a larger curvature and a larger numerical aperture (NA), the light beam
radiated from the light source cannot be condensed accurately on the signal
recording surface even on occurrence of perturbations resulting from the
slightest tilt relative to the optical axis. With the objective lens unit
comprised of a double-lens set composed of two lenses, as disclosed in the
above Publications, the refractive power can be dispersed to two lenses to
moderate the curvature of the respective lens surfaces as well as to
decrease the non-spherical surface coefficients. Consequently, the
objective lens unit can be formed to a desired machining accuracy, using a
metal die, so that it becomes 



possible to suppress deterioration of the optical performance caused by for
example the tilt of the lens relative to the optical axis. With the
objective lens unit of a double-lens set composed of two lenses, the
respective lenses can be molded with a metal die to prevent its optical
characteristics from being deteriorated. However, the respective lenses
need to be registered to each other highly accurately, i.e., it is
necessary to get the optical axes of the respective lenses of the objective
lens unit registered with each other high accurately without producing
eccentricity in the respective lenses and to maintain the distance and
parallelism between the respective lenses highly accurately. For producing
an objective lens unit of a double-lens set composed of two lenses, there
are such a method consisting in causing the laser light to fall on the
objective lenses, put together, and in forming an interferometer by the
respective   4 4 lenses to adjust the relative position thereof, and such a
method consisting in causing the laser light to be transmitted through the
objective lenses put together and in observing the near-field pattern of
the laser light to make the adjustment. With these methods, the phenomena
observed are not changed independently for respective adjustment
parameters, such that adjustment is extremely time-consuming due to many
looped procedures required for achieving the final performance. In
assembling, there is such a method which consists in providing a gap
between the lens holder 3 and the lens and in adjusting the lens position
within the gap range. With this method, an adhesive, such as a UV curable
resin, needs to be charged into the gap following the adjustment and cured
in situ to secure the lens to the lens holder. The lens secured in position
in this manner in the lens holder with an adhesive is likely to undergo
misregistration due to environmental changes, such as increasing
temperature or humidity. In order to overcome the problems caused by an
adhesive, it has been proposed to set the tilt of the lens and its location
along the direction of the optical axis depending on the machining accuracy
of the lens holder. That is, a step is formed within the lens holder and
the outer rim of the lens is abutted against the step to set the tilt of
the lens and its location along the optical axis. If, in this structure,
the step is formed high accurately, the lens position can be set similarly
accurately. In the case of, for example, an objective lens unit composed of
a double-lens set made up by two lenses, with an effective diameter of 3
mm, it is necessary to   5 maintain parallelism between the two lenses on
the order of 0.ldeg. For maintaining this accuracy, it is necessary to
maintain the error along the optical axis of the surface of the outer lens
rim carried by the step within the lens holder to a value on the order of 1
hum. It is however extremely difficult to have the two lenses mounted
within the lens holder as this high degree of accuracy is maintained.
Additionally, depending on 



the mounting environment, fine dust and dirt on the order of 1 um tend to
be intruded into a space between the step within the lens holder and the
lens to render it difficult to maintain parallelism between the two lenses.
In the case of an objective lens set, comprised of a double lens set
composed of two lenses, the distance between the lens surfaces, comprised
of curved surfaces of the lenses, may be kept constant to suppress the
generation of spherical aberration ascribable to e.g., errors in lens
thicknesses, as disclosed in Japanese Laying-Open Patent Publication
H-10-255303. In the lenses with severe conditions of the relevant standard,
the assembling accuracy is optimized by adjustment, as the amount of
spherical aberration is detected during assembling, to take up an error
caused by variations in accuracy of a metal die used for molding a lens, or
in the molding conditions. Although the spherical aberration of the lenses
being adjusted may be measured using an interferometer, a complicated
apparatus is needed, while the production cost is increased. Disclosure of
the Invention   r  It is therefore an object of the present invention to
provide a method and apparatus for producing a novel objective lens unit,
whereby the deficiencies inherent to the aforementioned conventional
technique may be overcome. It is another object of the present invention to
provide a method and apparatus for producing a novel objective lens unit,
whereby an objective lens unit, with a numerical aperture not less than
0.7, which is made up by plural objective lenses, in which the relative
positions of the lenses may be adjusted to high accuracy and in which it is
possible to suppress the generation of the spherical aberration, may be
produced readily. For accomplishing these objects, the present invention
provides an objective lens unit manufacturing apparatus for manufacturing
an objective lens unit, with a numerical aperture not less than 0.7, made
up by a plurality of lenses, comprising a positioning mechanism for
positioning one lens in a cylindrically-shaped lens holder of a synthetic
resin material, using another lens, already mounted and secured to the lens
holder, as a reference, and for securing the one lens to the lens holder,
for setting relative positions of the one and the other lenses. The present
invention also provides an objective lens unit manufacturing method for
manufacturing an objective lens unit, with a numerical aperture not less
than 0.7, made up by a plurality of lenses, by positioning a lens in a
cylindricallyshaped lens holder of a synthetic resin material, using
another lens, already mounted and secured to the lens holder, as a
reference, and for securing the one lens to the lens    holder, for setting
relative positions of the one and the other lenses, in which the method
comprises causing a light beam to be incident on the respective lenses in
the lens holder, reflecting the light beam, converged by the respective
lenses, by a reflecting member, causing the 1 fight beam reflected by the
reflecting member to be re incident on the respective lenses to detect
focusing error signals with respect to the 



reflecting member, based on a light beam transmitted through the respective
lenses, and determining the amount of the spherical aberration in the light
beam transmitted through the respective lenses, based on changes in the
focusing error signals when the reflecting member is moved along the
optical axes of the respective lenses, to adjust the distance between the
respective lenses based on the amount of the spherical aberration. In a
manufacturing method for an objective lens unit, according to the present
invention, a lens holder is provided lens inserting sections into which the
outer rims of a plurality of lenses are inserted to control the offset of
the respective lenses. Another manufacturing method for an objective lens
unit, according to the present invention, is a method for manufacturing an
objective lens unit used as an objective lens unit of an optical pickup
device for writing or reading out information signals on or from an optical
recording medium, wherein the objective lens unit manufacturing apparatus
determines the distance between the lens surface closest to the optical
recording medium and an end face of a lens holder lying around the lens
surface along the optical axis.   8 In a further manufacturing method for
an objective lens unit, according to the present invention, the other lens,
used as a positioning reference for the one lens, is the lens remote from
the optical recording medium, with the surface of an outer rim of the other
lens remote from the optical recording medium being used as a reference
surface for positioning the one lens. The surface of an outer rim of the
one lens close to the optical recording medium being used as a positioning
reference surface. In positioning the lens reference surface, using a
positioning member, the parallelism between the reference surface and the
positioning member is measured using laser light. In an objective lens unit
manufacturing method for manufacturing an objective lens unit, in
positioning the lens reference surface using a positioning member, the
parallelism between the reference surface and the positioning member is
measured with the reference surface abutting against the positioning
member. In an objective lens unit manufacturing method for manufacturing an
objective lens unit, in positioning the lens reference surface, using a
positioning member, the lenses are attracted under a pneumatic pressure
differential for abutting the reference surface against the positioning
member. In an objective lens unit manufacturing method for manufacturing an
objective lens unit, the parallelism between the surface of the outer rim
of the other lens remote from the optical recording medium and the surface
of the outer rim of the one lens close to the optical recording medium is
measured by detecting only the reflected light from the surface of the
outer rim of the one lens remote from the optical recording   v 9 medium,
using a photodetector, in a state in which the light is incident on the
outer rim 



of the other lens and in which the light transmitted through the outer rim
and reflected by the surface of the outer rim close to the optical
recording medium is not returned to the photodetector. Other objects,
features and advantages of the present invention will become more apparent
from reading the embodiments of the present invention as shown in the
drawings. Brief Description of the Drawings Fig. 1 is a longitudinal
cross-sectional view of an objective lens unit according to the present
invention. Fig. 2 is a longitudinal cross-sectional view of the objective
lens unit built into a lens holder. Fig. 3 is a perspective view looking
from the first lens. Fig. 4 is a perspective view looking from the second
lens. Fig. 5 is a perspective view of a lens holder forming the objective
lens unit looking from a first lens fitting portion. Fig. 6 is a
perspective view of the lens holder forming the objective lens unit looking
from a second lens fitting portion. Fig. 7 is a plan view showing a lens
holder forming the objective lens unit of the present invention.    10 Fig.
8 is a cross-sectional view taken along line VIII-VIII of Fig. 7. Fig. 9 is
a bottom plan view showing the lens holder forming the objective lens unit
of the present invention. Fig.10 is a cross-sectional view taken along line
X-X of Fig. 9. Fig. l1 is a graph showing the relation between the
eccentricity between the lenses and the value of the wavefront aberration.
Fig. l2 is a longitudinal cross-sectional view showing a metal die for
forming the lens holder. Fig. l3 is a graph showing the parallelism between
the lenses and the value of the wavefront aberration. Fig. l4 is a graph
showing the distance between the lenses and the value of the wavefront
aberration. Fig. 15 is a longitudinal cross-sectional view showing the
process of assembling the objective lens unit. Fig. l6 is a schematic
longitudinal cross-sectional view showing the state in which the second
lens of the objective lens unit of the present invention has been
introduced into the lens holder. Fig. 17 is a longitudinal cross-sectional
view showing an objective lens unit mounted on an objective lens
manufacturing device according to the present invention. Fig. l8 is a
longitudinal cross-sectional view showing another objective lens unit
mounted on an objective lens manufacturing device according to the present
invention.  



11 Fig. l9 is a longitudinal cross-sectional view showing still another
objective lens unit mounted on an objective lens manufacturing device
according to the present invention. Fig. 20 is a longitudinal
crass-sectional view showing a conventional objective lens unit mounted on
an objective lens manufacturing device according to the present invention.
Fig. 21 is a longitudinal cross-sectional view showing an objective lens
unit in which a lens holder is provided with a protector. Fig. 22 is a plan
view thereof. Fig. 23 is a side view showing a structure of an objective
lens manufacturing device according to the present invention, with a
portion thereof being broken away. Fig. 24A is a plan view showing the
shape of a device reference plane for positioning the first lens in the
objective lens manufacturing device according to the present invention,
Fig. 24B is a longitudinal cross-sectional view thereof and Fig.24C is a
plan view showing a reference plane of the first lens. Fig. 25 is a
flowchart showing the sequence of operations of an objective lens unit
producing method employing the objective lens manufacturing device
according to the present invention. Fig. 26 is a flowchart showing the
sequence of operations next following the sequence of operations of Fig.
25. Fig. 27 is a side view showing an objective lens unit driving device
performing    12 first adjustment in an objective lens unit manufacturing
device according to the present invention, with a portion thereof being
broken away. Fig. 28 is a side view showing an objective lens unit driving
device performing second adjustment in an objective lens unit manufacturing
device according to the present invention, with a portion thereof being
broken away. Fig. 29 is a side view showing an objective lens unit driving
device performing the mounting of a first lens in an objective lens unit
manufacturing method according to the present invention, with a portion
thereof being broken away. Fig. 30 is a side view showing an objective lens
unit driving device performing the mounting of a second lens in an
objective lens unit manufacturing method according to the present
invention, with a portion thereof being broken away. Fig. 31 is a side view
of the objective lens unit driving device executing the positioning to the
lens holder of the second lens in the objective lens unit manufacturing
method according to the present invention, with a portion thereof being
broken away. Fig. 32 is a side view of the objective lens unit driving
device executing the confirmation of the offset between the lenses in the
objective lens unit manufacturing 



method according to the present invention, with a portion thereof being
broken away. Fig. 33 is a flowchart showing the sequence of operations for
manufacturing an objective lens unit using another objective lens unit
manufacturing device according to the present invention.   13 Fig. 34 is a
flowchart showing the sequence of operations next following the sequence of
operations of Fig. 33. Fig. 35 is a side view showing a first device of
another objective lens unit manufacturing device according to the present
invention. Fig. 36 is a side view showing the state in which the second
lens is being positioned to the lens holder in the objective lens unit
manufacturing device shown in Fig. 35, with a portion thereof being broken
away. Fig. 37 is a longitudinal cross-sectional view showing the second
lens positioned in the objective lens unit manufacturing device shown in
Fig. 35 and the lens holder 3. Fig. 38 is a side view showing a second
device of the other objective lens unit manufacturing device according to
the present invention. Fig. 39 is a longitudinal cross-sectional view
showing essential portions of the second device of the other objective lens
unit manufacturing device according to the present invention. Fig. 40 is a
plan view showing essential portions of the second device of the other
objective lens unit manufacturing device according to the present
invention, with a portion thereof being broken away. Figs. 4lA to 41C are
graphs showing the relationship between the spherical aberration in the
objective lens unit and focusing error signals. Fig. 42 is a graph showing
the relationship between the spherical aberration in the objective lens
unit and the central value of the focusing error signals.    14 Fig. 43 is
a plan view showing the structure of an objective lens driving device
employing an objective lens unit manufactured using the method or the
device according to the present invention. Fig. 44 is a side view showing
the structure of an objective lens driving device employing the objective
lens unit shown in Fig. 43. Fig. 45 is a side view showing the optical
pickup device and a recording and/or reproducing apparatus having an
objective lens unit driving device employing an objective lens unit
manufactured using the method or the device according to the present
invention. Best Mode for Carrying out the Invention Referring to the
drawings, preferred embodiments of the present invention will be explained
in detail. An objective lens unit of the present invention is made up by
plural lenses each 



having a numerical aperture (NA) of 0.7 or larger. Specifically, the
objective lens unit is made up by a double-lens set of two lenses 1, 2, and
has a numerical aperture (NA) of 0.85, as shown in Fig. l. The objective
lens unit of the present invention is built into an optical pickup device
having a light source radiating the light beam with a center wavelength of
405 nm. That is, the objective lens unit according to the present invention
is mainly used for condensing the light beam having a center wavelength of
405 nm.   15 In the following explanation, it is assumed that the objective
lens unit has an effective diameter of 3 mm. Specifically, the
manufacturing method for the objective lens unit of the present invention
is the method for assembling an objective lens unit. An objective lens unit
according to the present invention is made up by first and second lenses 1,
2 and a lens holder 3 for holding the lenses 1, 2, as shown in Figs. 2, 3
and 4. The first and second lenses 1, 2 are formed of a vitreous material,
and are prepared by so-called glass mold casting of forming a vitreous
material using a metal die. The shape of the lens surfaces of the lenses 1,
2, formed as non-spherical or spherical surfaces, position relationships
between the lens surfaces and outer rims 1a, 2a and so forth depend on the
machining accuracy of the metal dies for molding, and on the casting
conditions. The lens holder 3 is formed to approximately a cylindrical
shape by injection molding of epoxy resin, using silica (silicon dioxide)
as a filler, as shown in Figs. 5 to 10. To this lens holder 3 are fitted
the first and second lenses 1, 2. The first and second lenses 1, 2,
inserted in position in the lens holder 3, are secured with an adhesive,
such as UV curable resin. In this objective lens unit, the eccentricity of
the lenses 1, 2 relative to the optical axis P" that is positions of the
lenses in bi-axial directions, corresponding to directions within the
planar surface perpendicular to the optical axis P1, among the relative
positions between the lenses 1, 2, are set by the outer diameters of the
outer   16 rims 1a, 2a of the lenses 1, 2, and by the inner diameter of the
lens holder 3. That is, first and second lens fitting portions 4, 5 in
which to insert the lenses 1, 2 and which control the eccentricities
thereof are formed in inner sides of the lens holder 3, as shown in Figs. 2
and 5. If, in the objective lens unit formed by combining the first and
second lenses 1, 2, relative eccentricities are produced between the lens
surfaces of the first and second lenses 1, 2, the aberration is increased
to deteriorate the optical performance, as shown in Fig. ll. It is noted
that the relative eccentricities between the lens surfaces of the first and
second lenses 1, 2 mean position offset in the planar direction
perpendicular to the common optical axis of the lenses 1, 2, centered about
this optical axis. If, in an objective lens unit with an effective diameter
of 3 mm and the numerical aperture NA of 0.85, the relative eccentricities
between the lens surfaces of the first and second lenses 1, 2 exceed 30 um,
the RMS value of the aberration 



exceeds the Marshall criteria threshold (wavefront aberration of 0.07
(err)rms). That is, if, in an objective lens unit, formed by combining the
first and second lenses 1, 2, the effective diameter is 3 mm, the numerical
aperture NA is 0.85 and the working center wavelength is 405 nm, the lenses
2, 2 need to be secured to the lens holder 3 so that an error range of the
coaxial degree of the lens surfaces of the respective lenses 1, 2 relative
to the outer diameter of the lens holder 3 will be within 30 (um. The
following factors may be surmised to be responsible for these relative
eccentricities between the   17 lens surfaces of the first and second
lenses 1 and 2: (1) The error in the coaxial degree between the outer
peripheral surfaces of the outer rims 1a, 2a of the lenses 1, 2 and the
lens surfaces; (2) the error in the coaxial degree between the lens fitting
portions 4, 5 of the lens holder 3; and (3) the clearance between the lens
fitting portions 4, 5 and the outer rims 1a, 2a of the lenses 1, 2. Since
the accumulation of these three factors determines the amount of the
eccentricities of the lens surfaces of the respective lenses 1, 2, it is
essential that at least the coaxial degree of the lens surfaces of the
respective lenses 1, 2 relative to the outer diameter of the lens holder 3
be within 30 hum. That is, since the outer peripheral surfaces 1b, 2b of
the outer rims 1a, 2a, of the lenses 1, 2 are formed as one with the lens
surfaces by glass mold casting employing a metal die, the coaxial degree
between the outer peripheral surfaces 1b, 2b of the outer rims 1a, 2a and
the lens surfaces depends on the machining accuracy of the metal die for
casting and on the casting conditions. When the effective diameter of the
objective lens is 3 mm, the outer peripheral surfaces 1b, 2b of the outer
rims 1a, 2a and the lens surfaces are formed so as to have a coaxial degree
with an error range within 30 Vim. A metal die for forming the lens holder
3 is comprised of a portion 101 for casting the first lens fitting portion
4 and a portion 102 for forming the second lens   18 fitting portion 5,
these portions 4, 5 being formed on the same convex die 103, as shown in
Fig. l2. The metal die for forming the lens holder 3 is composed of the
convex die 103 and a concave die 104 into which is inserted the convex die
103. In this metal die, as the convex die 103 is introduced into the
concave die 104, the space defined between the convex die 103 and the
concave die 104 serves as a cavity 105 into which the molten resin is
introduced. The lens holder 3 is formed by the molten resin being charged
into the cavity 105. The portions 101,102 for casting the first lens
fitting portion 4 and the second lens fitting portion 5, respectively,
provided to the convex die 103 used for forming the lens holder 3, are
formed by concurrent machining on a lathe, that is by machining by the same
chucking operation, so that the coaxial degree is maintained to high
accuracy. 



In case the effective diameter of the objective lens unit is 3 mm and a
light beam having a working center wavelength of 405 nm is to be condensed,
the first lens fitting portion 4 of the lens holder 3 formed is formed so
as to have a high coaxial degree, with an error range less than 30 Vim,
relative to the second lens fitting portion 5. The first lens fitting
portion 4, provided to the lens holder 3, is formed to have an inner
diameter R, approximately equal to the outer diameter R2 of the outer rim
1a of the first lens 1, as shown in Fig. 2. In case the effective diameter
of the objective lens is 3 mm and the light beam with a working center
wavelength of 405 nm is to be condensed, the inner diameter R1 of the first
lens fitting portion 4 is designed to suffer an error less than 30 hum with
respect to the outer diameter R2 of the outer rim 1a of    19 the first
lens 1. An inner diameter R3 of the second lens fitting portion 5 is
approximately equal to an outer diameter R4 of the outer rim 2a of the
second lens 2. It is noted that, in case the effective diameter of the
objective lens unit is 3 mm and the 1 fight beam with a working center
wavelength of 40S nm is to be condensed, the inner diameter R; of the
second lens fitting portion 5 is designed to suffer an error less than 30
um with respect to the outer diameter R4 of the outer rim 2a of the first
lens 2. If, in the objective lens unit according to the present invention,
the parallelism between the two lenses 1 and 2 is deteriorated, the
aberration is increased, thus lowering the optical properties, as shown in
Fig. l4. If, in an objective lens unit with an effective diameter of 3 mm
and with the numerical aperture NA of 0.85, the light beam with a working
center wavelength of 405 nm is to be condensed, the RMS value of the
aberration exceeds the Marshall criteria threshold (wavefront aberration of
0.07 arms) in case the parallelism between the first and second lenses 1, 2
exceeds 0.1 degree. If, with the outer diameter of the lens of 2 mm, the
parallelism between the first and second lenses 1, 2 is to be comprised in
a range of 0.1 degree, it is necessary to support the first and second
lenses 1, 2 by the lens holder 3 within an error range of 3.5 um in
accordance with the following equation: 2 [mm] x tan(0.1 [deg]) _ 3.5 hum.
It is extremely difficult to form the lens holder 3, molded using the metal
die, and which hold the first and second lenses 1, 2 with the parallelism
within the above   20 mentioned error range to high reproducibility. Even
if the lens holder 3 capable of holding the first and second lenses 1, 2
with such high accuracy could be formed, it is extremely difficult to put
the first and second lenses 1, 2 and the lens holder 3 together without
interposition of fine dust and dirt in-between under a working environment
of assembling the objective lens unit. As a result, it is extremely
difficult to mount the first and second lenses 1, 2 on the lens holder 3
with parallelism within the above defined error range. 



With the objective lens unit of the present invention, unless the distance
between the first and second lenses 1, 2, put together as the optical axes
P, of the lenses are coincident and as the parallelism within a preset
error range is maintained, is kept within a preset range, the aberration is
increased, while the optical characteristics are deteriorated, as shown in
Fig. l4. If, with the effective diameter and the numerical aperture of the
objective lens unit of 3 mm and 0.85, respectively, and with the light beam
to be condensed thereby having a working center wavelength of 405 nm, an
error in the distance between the first and second lenses 1, 2 exceeds 13
hum, the RMS value of the aberration exceeds the limit of the Marshall
criteria (wavefront aberration: 0.07 arms). It is extremely difficult to
form the lens holder 3, capable of holding the first and second lenses 1,
2, forming the objective lens, with the distance therebetween of the
above-defined error range, to high reproducibility, using a metal die. It
is extremely difficult to form the lens holder 3, capable of holding the
21 objective lens unit, based solely on the casting accuracy in using a
metal die device, as the optical axes P, of the first and second lenses 1,
2 are registered highly accurately, high degree of parallelism is
maintained between the lenses 1, 2, and as the error in the distance
between the lenses 1, 2 is maintained to be within a preset range. With the
objective lens unit of the present invention, the precision in the
parallelism and the distance between the first and second lenses 1, 2 are
guaranteed, using an assembling jig capable of adjusting the assembling
accuracy, without being dependent on the precision in casting the lens
holder 3. That is, in setting the relative positions of the first and
second lenses 1, 2 forming the objective lens unit of the present
invention, the first lens 1 is inserted into the first lens fitting portion
4 provided within the lens holder 3 and is immobilized using a UV curable
resin. At this time, the first lens 1 is introduced into the first lens
fitting portion 4 so that its first surface S1 being convex with a large
radius of curvature will be protruded from the lens holder 3, as shown in
Figs. 2 and 15. The first surface S1 of the first lens 1 operates as an
incident side for the light beam radiated from a light source when the
objective lens unit is mounted on an optical pickup device. The first lens
1, secured to the lens holder 3, is supported on a base block 30 of the
jig. At this time, the first lens 1 is carried as its surface 1c towards
the first surface of the outer rim 1a is placed on a supporting surface
provided on the base block 30 of the jig. The second lens 2, combined with
the first lens 1 to form the objective lens unit   22 of the present
invention, is held by a holding jig 31, the relative position of which with
respect to the base block 30 supporting the first lens 1 along with the
lens holder 3 is maintained to high accuracy. The second lens 2 is
introduced into the second lens fitting portion 5 of the lens holder 3,
carried by the base block 30, as this holding jig 



31 is moved towards the base block 30. Meanwhile, the holding jig 31 is
connected to an air suction device so as to hold the second lens 2 at its
distal end by air suction in a direction indicated by arrow E in Fig. 15.
The second lens 2 is introduced into the second lens fitting portion 5 so
that the lens surface being convex to a larger radius of curvature faces a
second surface S2 of the first lens 1 secured to the lens holder 3. The
convex surface of the second lens 2, facing the second surface S2 of the
first lens 1, forms a third surface S3 of the objective lens unit. The
second lens 2, introduced into the second lens fitting portion 5, is
positioned, with the first lens 1 secured to the first lens fitting portion
4 of the lens holder 3 as a reference, and is bonded to the lens holder 3,
using an adhesive, such as a UV curable resin. When the first lens 1 is
secured to the lens holder 3, the position of the first lens 1 along its
optical axis with respect to the lens holder 3 and the tilt of the first
lens 1 with respect to the center axis of the lens holder 3 are controlled
by an abutting surface 1d towards the second surface S2 of the outer rim 1a
compressing against a step 3a   23 provided to the first lens fitting
portion 4 formed on the lens holder 3. An adhesive film with thickness on
the order of 10 gum is interposed between the abutting surface 1d of the
outer rim 1a of the first lens 1 and the step 3a within the lens holder 3,
for securing the first lens 1 to the lens holder 3. As the adhesive, a U V
curable resin, curable by illumination by the UV light, is used. The
objective lens unit according to the present invention is used for an
optical pickup device adapted for writing or reading out information
signals on or from an optical recording medium. When used in an optical
pickup device, the objective lens unit of the present invention is arranged
so that the first lens 1 and the second lens 2 will be located towards the
light source radiating the light beam and towards an optical recording
medium 110, respectively, as shown in Figs. 1 and 2. Since the objective
lens unit used in the optical pickup device is used for converging the
light beam radiated from the light source on a signal recording surface 111
of the optical recording medium 110, the first and second lenses 1, 2 are
combined so that the first surface S1 and the third surface S3, being
convex to a larger radius of curvature, will be located towards the light
source radiating the light beam. In the objective lens unit of the present
invention, the mounting position of the second lens 2 is set with the
mounting position of the first lens 1 as reference. Thus, with the
objective lens unit of the present invention, the second lens 2 is
positioned with the surface 1c of the outer rim 1a of the first lens 1, on
which falls a light beam L" as a reference surface, as shown in Fig. 2.
24 The second lens 2, secured to the lens holder 3 with the mounting
position of 



the first lens 1, secured in position to the lens holder 3, as reference,
is introduced into and carried by the second lens fitting portion 5 of the
lens holder 3 and hence is such a state in which the eccentricity of the
first lens 1 relative to the optical axis of the first lens is suppressed,
that is in which the offset of the first lens 1 in a planar direction
perpendicular to the optical axis is suppressed. When introduced into the
second lens fitting portion 5, the second lens 2 is in such a state which,
as the eccentricity thereof relative to the optical axis of the first lens
1 is suppressed, enables adjustment of the parallelism of the second lens 2
relative to the first lens 1, that is the tilt and the distance with
respect to the optical axis. That is, when forming the second lens 2, the
metal die is pressured in a direction along the thickness of the second
lens 2, that is in a direction parallel to its optical axis. With the
second lens 2, formed through this molding process, corner portions 2c, 2c
on the outer peripheral side of the outer rim 2a, which the vitreous
material reaches last during the casting process, present curved surfaces,
whereas the portion in an outer peripheral surface 2b of the outer rim 2a
which becomes a cylindrical surface parallel to the optical axis of the
second lens 2 is only a portion with a width W1 of approximately 100 hum at
a mid portion along the direction of thickness, as shown in Fig. 16. The
contact surface of the outer peripheral surface 2b of the outer rim 2a of
the so formed second lens 2 with the inner peripheral surface of the second
lens fitting portion 5 is only the ring-shaped portion of a width W1 of the
order of 100 Vim. As a   25 result, the second lens 2, inserted into the
second lens fitting portion 5, can be rotated in a direction perpendicular
to the optical axis about a ring-like portion of the width W, of the order
of 100 hum, contacted with the inner peripheral surface of the second lens
fitting portion 5, as the center of rotation. Additionally, the second lens
2 can be moved in a direction along the optical axis within the second lens
fitting portion 5. In an objective lens unit manufacturing device according
to the present invention, as later explained, detection of the tilt of an
optical axis of the first lens 1 relative to the reference surface of the
device is by illuminating the laser light to a reference surface 1c of an
outer rim 1a of the first objective lens 1, on which is incident the light
beam L1 by reflecting the light reflected back from the reference surface
1c of the first lens 1 by a mirror 42, so that the light will be incident
on detection means, such as a first CCD (imaging device) 32, and by
inputting an output detected by the CCd 32 to the first monitor 33, as
shown in Fig. l7 . The surface 1e on the outer rim 1a of the first lens 1,
positioned towards the optical recording medium 110, is formed as a surface
inclined towards the outer rim, as shown in Fig. l8. That is, since the
surface 1e of the outer rim 1a of the first lens 1 positioned towards the
optical recording medium 110 is formed as an inclined surface, the outer
rim of which is proximate to the reference surface 1c, a portion of the
laser light illuminated on the reference surface 1c and transmitted through
this reference surface 1c proceeds as indicated by a broke line in Fig. lB,
without reaching the first CCD 32, even if the light is reflected by the
surface 1e lying towards the optical   26 recording medium 110, thus
assuring optimum detection of the tilt of the first lens 1. 



That is, if the surface 1e of the outer rim 1a of the first lens 1, lying
towards the optical recording medium 110, is not inclined, as shown in Fig.
20, but is formed as a surface parallel to the reference surface 1b, a
portion of the laser light illuminated on the reference surface 1c may be
transmitted through the reference surface 1c to reach the surface 1e
parallel to the reference surface 1c so as to be then reflected by this
surface 1e to proceed as indicated by a broken line in Fig. 20 to get to
the first CCD 32 after reflection by the mirror 42. If the light reflected
by the reference surface 1c and the light reflected by the surface 1 a
towards the optical recording medium 110 reach the first CCD 32 in a mixed
state, the two 1 fight beams undergo interference to prove to be a noise
against detection of tilt of the first lens 1. There is also the risk that
multiple reflection be produced between the reference surface 1c and the
surface 1e towards the optical recording medium 110 to render it impossible
to detect the tilt of the first lens 1 satisfactorily. On the other hand,
the surface 1e of the outer rim 1a of the first lens 1 towards the optical
recording medium 110 may be formed as an inclined surface recessed from the
outer rim side of the outer rim 1a towards the center of the lens 1, as
shown in Fig. l8. In this case, the light reflected by the surface 1e
towards the optical recording medium 110 facing the reference surface 1c is
reflected from the center towards the outer rim of the first lens 1, as
indicated by a broken line in Fig. l8, thus reliably prohibiting the light
reflected back from the surface 1e from falling on the first CCD    27 32.
The surface 1e of the outer rim 1a of the first lens 1 may also be formed
as an inclined surface which is recessed from the outer rim side of the
outer rim 1a towards the center of the lens 1, and which also smoothly
merges to the second surface S~ of the first lens 1, as shown in Fig. l9.
Moreover, for preventing the light reflected back form the surface towards
the optical recording medium 110 of the outer rim 1a of the first lens 1
from falling on the first CCD 32, an AR coat (anti-reflection film) may be
provided on this surface 1e to inhibit reflection of the laser light
incident on the surface 1e. When the objective lens of the present
invention is used in an optical pickup device for writing or reading out
information signals for an optical recording medium, such as an optical
disc, it is necessary for the normal operation to be guaranteed in a range
of a temperature environment from sub-freezing point to 60C or higher. If
the temperature environment is changed throughout this range, the air
present in the space formed between the first and second lenses 1, 2,
inserted into and carried by the lens holder 3, is changed appreciably in
density. The air present in the hermetically sealed space between the first
and second lenses 1, 2 is changed appreciably in pneumatic pressure due to
changes in the temperature environment. That is, if the temperature rises,
the pneumatic pressure between the lenses 1 and 2 is larger than the
atmospheric pressure, thus producing the pressure which tends to separate
the lenses 1 and 2 away from each other. If 



28 conversely the temperature falls, the pneumatic pressure between the
lenses 1 and 2 is smaller than the atmospheric pressure, thus producing a
pressure which tends to cause the lenses 1 and 2 to approach to each other.
Meanwhile, the first lens 1 has an abutment surface 1d, lyingtowards the
second surface S2 of the outer rim 1a, bonded to the step 3a of the first
lens fitting portion 4 with a UV curable resin. The second lens 2, on the
other hand, is bonded in position with an adhesive, charged into three
recessed adhesive coating portions 3b, formed by cutting out portions of
the inner rim of the second lens fitting portion 5, as shown in Figs. 4 and
7. Since the first and second lenses 1, 2 are secured to the lens holder 3
with an adhesive, as described above, the adhesive securing the first and
second lenses 1, 2 to the lens holder 3, in particular the adhesive
securing the second lens 2 to the lens holder 3, is subjected to a stress,
due to repeated changes in temperature, representing a so-called heat
cycle, thus producing irreversible variations in the distance and tilt of
the lens to give rise to deteriorated optical aberration characteristics.
Assuming that the space between the first and second lenses 1, 2, carried
by the lens holder 3, is a hermetically sealed space, the air present in
the space between the first and second lenses 1, 2 is pressurized, when the
second lens 2 is inserted into the lens holder 3 after mounting the first
lens 1 on the lens holder 3, with the result that the pressure acting to
separate the lenses 1, 2 away from each other is present at a11 times
between the lenses 1 and 2.   29 Thus, with the objective lens unit of the
present invention, an air vent 3c is provided in the lens holder 3, as
shown in Figs. 3 and 5, such that the space between the first and second
lenses 1, 2 is a space communicating with an outer side of the lens holder
3. This air vent 3c is formed by forming a recess 3d in a portion of the
step 3a, compressing against the abutment surface 1d of the outer rim 1a of
the first lens 1, so that the recess 3d is not contacted with the abutment
surface 1d of the outer rim 1a, and by forming a cut-out 3e for
establishing communication between the recess 3d with the outer peripheral
surface of the lens holder 3, as shown in Fig. 5. By forming the air vent
3c in the lens holder 3, the space between the first and second lenses 1, 2
does not prove a hermetically sealed space, while air in this space is not
subjected to changes in the pneumatic pressure, even if the density is
changed with changes in temperature, so that no pressure is applied to the
lenses 1, 2, and hence no deterioration in optical aberration
characteristics is produced despite occurrence of repeated changes in
temperature. Since the space between the first and second lenses 1, 2 does
not prove to be a hermetically sealed space, there is no risk of air
present in the space between the first and second lenses 1, 2 becoming
compressed and pressurized on insertion of the second lens 2 into the lens
holder 3 after mounting the first lens 1 to the lens holder 3. 



For providing the recess 3d in a portion of the step 3a of the lens holder
3, the portion of the convex die 103 for forming the lens holder 3, which
is destined to form the recess 3d, is removed by cutting to produce the
step 3a.   30 On the other hand, a gate G, provided for charging molten
resin into a metal die in injection molding the lens holder 3, is provided
in a groove 3f formed in the outer peripheral surface of the lens holder 3
in register with a cut-out 3e forming the air vent 3c, as shown in Fig. 5.
When the objective lens of the present invention is used in an optical
pickup device for writing or reading out information signals for an optical
recording medium, it is necessary for the normal operation to be guaranteed
in a range of a temperature environment from sub-freezing point to 60C or
higher. If the temperature environment is changed throughout this range,
the distance between the first and second lenses 1, 2 is changed due to
thermal expansion or contraction of the lens holder 3 itself. If, with the
effective diameter of 3 mm, the working center frequency of 405 nm and the
numerical aperture of 0.85, the distance between the first and second
lenses 1, 2 is subjected to an error within 13 hum, and the linear
expansion coefficient of the material forming the lens holder 3 is a, the
following relationship: axOtxL < 13x10-3 (mm) is derived. Here, 0t
(temperature change) and L (length of the lens holder) are set as follows:
(err)t = 60/2 = 30(C) and L = 2 (mm).   31 From these conditions, the
following condition for the linear expansion coefficient a of the material
making up the lens holder 3: a < 2x 10-4 is derived. Meanwhile, if an epoxy
resin, having silica (silicon dioxide) as a filler, is selected as the
material forming the lens holder 3, the linear expansion coefficient can be
suppressed to a value on the order of 1x10-5 The objective lens unit of a
double-lens set, made up by two lenses, with the numerical aperture (NA) of
not less than 0.7, has a working distance (the physical distance between
the surface of the optical recording medium and the end face of the
objective lens) smaller than that of a single objective lens used in a
conventional optical pickup device. In the optical pickup device, the
objective lens position is controlled by focusing servo in such a manner
that the distance between the surface of the optical recording medium and
the end face of the objective lens will at a11 times be a preset working
distance. The focusing servo, in turn, controls the light beam, converged
by the objective lens, so that the light beam, converged by the objective
lens, will be focussed on the signal recording surface of the optical
recording medium. 



For example, if disturbances, such as external shock, is applied to the
optical pickup device, the objective lens unit may become offset from its
design position. If, in this case, the working distance is long, the
probability of collision between the optical recording medium and the
objective lens unit is low. However, if the working distance   32 is short,
the probability of collision between the rim and the objective lens unit
becomes higher. If, when the collision occurs between the optical recording
medium and the objective lens unit, the surface of the optical recording
medium is directly contacted with the lens surface of the objective lens
unit, these surfaces are damaged to deteriorate recording and/or
reproducing characteristics. With the objective lens unit of the present
invention, a protector 6 is mounted on one end face of the lens holder 3
for encircling the outer periphery of the second lens 2, in order not to
damage the surface of the optical recording medium or the lens surface of
the objective lens unit, as shown in Figs. 20 and 21. The protector 6 is
formed by for example a film of fluorine resin exhibiting elasticity and is
provided for being protruded closer to the optical recording medium 110
than the lens surface of the second lens 2 lying closest to the optical
recording medium, as shown in Fig. 20. The protector 6 helps prevent direct
contact of the surface of the optical recording medium 110 with the lens
surface of the objective lens unit, while buffering the force of impact
caused by collision between the optical recording medium 110 and the
objective lens unit. Moreover, since the protector 6 has an only small
frictional coefficient against the surface of the optical recording medium,
it is also possible to avoid scorching. If this protector 6 is provided as
described above and should collide against the surface of the optical
recording medium 110, the protector 6 operates effectively to prevent the
surface of the optical recording medium 110 from being damaged.   33
However, the fluorine resin or the like material, forming the protector 6,
is exfoliated. Such debris 6a from the protector 6 becomes accumulated on
the Lens surface of the second Lens 2. If the debris 6a is accumulated
within an area of the Lens surface of the second lens 2 traversed by the
light beam, the light path of the light beam is interrupted to lower the
transmission ratio, while affecting optical characteristics, such as
optical spatial frequency. Meanwhile, the debris 6a, produced on
exfoliation from the protector 6, is migrated along the direction of
relative movement of the optical recording medium 110 with respect to the
objective lens unit, that is along the tangential direction of the optical
recording medium 110, as indicated by arrow X in Fig. 22. Thus, in the
objective lens unit of the present invention, the protector 6 is formed as
one with a cut-out 7 larger in breadth than the diameter RS of the light
beam L1 on the lens surface of the second lens 2, as shown in Fig. 2l. In
use, this objective lens unit is mounted so that the cut-out 7 is on the
path of relative movement of the 



optical recording medium 110 with respect to the objective lens unit.
Referring to the drawings, an objective lens unit manufacturing device,
according to the present invention, used for manufacturing the
above-described objective lens unit, is now explained. Referring to Fig.
23. The objective lens unit manufacturing device of the present invention
includes an assembling unit for positioning and assembling first and second
lenses 1, 2 to a lens holder 3, and a detection unit for monitoring the
parallelism of the   34 lens surfaces of the first and second lenses 1 and
2 and the outer rims 1a and 2a. The assembling unit includes a base unit
30, having a device reference surface 30a, on which to set the first lens
1, and a holding unit 31, having a device reference surface 31a on which to
set the second lens 2 in position. The device reference surface 30a, as an
upper surface of the base unit 30, is adjusted so as to be precisely normal
to the optical axis of the first lens 2 placed thereon. This base unit 30
is substantially cylindrically-shaped, with an inner spacing, such that, by
placing the outer rim 1a of the first lens 1 on the device reference
surface 30a and by extracting the inner air via suction bore 30b to
outside, the first lens 1 may be held in position by the air pressure
differential across its inner and outer Bides. At this time, the upper end
of the base unit 30 is closed by the first lens 1. A glass cover for
hermetically sealing the inner spacing is mounted to the upper end of the
base unit 30. The glass cover 34 is inclined with respect to the device
reference surface 30a on the upper end to reflect e.g., the laser light
illuminated on the outer rim 1a of the first Lens 1 so as not to produce
stray light. The holding unit 31 is substantially cylindrically-shaped to
delimit an inner spacing, and is adapted for holding the second lens 2
under an air pressure differential across its inner side and the outer side
produced on evacuating the inner area through a suction port 31b to outside
with the outer rim 2a of the second lens 2 abutting against the device
reference surface 31a at the lower end of the unit. At this time, the lower
end of the holding unit 31 is closed by the second lens unit 2. The upper
end of the   35 holding unit 31 is fitted with a glass cover 35 for
hermetically sealing an inner spacing. The glass cover 35 is inclined with
respect to the device reference surface 31a at the lower end of the unit so
as not to produce the stray light caused by reflection of for example the
laser light illuminated on the second lens 2. The holding unit 31 is
supported by a so-called cross roll bearing, that is a uni axial movement
stage 36, and is movable along the optical axes of the first and second
lenses 1 and 2. The amount of movement of this holding unit 31 may be
detected by for example a magnetic length measurement device 37. The
holding unit 31 is moved by a driving power source 38, such as a pneumatic
cylinder, a linear motor or a stepping motor. The parallelism of the outer
rim 1a of the first lens 1, set on the device 



reference surface 30a of the base unit 30, with respect to the device
reference surface 30a, may be detected by a detection system provided with
a first laser light source 39. As the first laser light source 39, any
suitable monochromatic light source, such as a gas laser or a solid laser,
may be used in addition to a semiconductor laser. The light beam radiated
from the first laser light source 39 is turned into collimated light, with
an enlarged beam diameter, by a collimator lens and a beam expander 40. The
light beam, now turned into the collimated light, is transmitted through a
beam splitter 41, a minor 42 and a glass cover 34 at the lower end of the
base unit 30 so as to fall on the upper end of the base unit 30. If the
first lens 1 is set on the device reference surface 30a at the upper end of
the base unit 30, this collimated   36 light is reflected by the reference
surface 1b of the outer rim 1a of the first lens 1 and thence returned
through the glass cover 34 and the mirror 42 to the beam splitter 41.
Meanwhile, the device reference surface 30a at the upper end of the base
unit 30 does not cover the entire surface of the reference surface 1b of
the outer rim 1a of the first lens 1 but compresses against only a portion
of the reference surface 1b at for example three places to cover only the
portions in question, as shown in Figs. 24A to 24C. Thus, the laser light
L2, oncoming from the lower end of the base unit 30, is incident on and
reflected from the portion of the reference surface 1b of the outer rim 1a
of the first lens 1 which is not covered by the device reference surface
30a at the upper end of the base unit 30, as shown in Fig. 24C. The return
light from the reference surface 1b of the outer rim 1a of the first lens 1
is reflected back from the reflecting surface of the beam splitter 41 and
branched from the return optical path to the first laser light source 39 to
fall through mirror 43 on the first CCD 32 operating as detection means.
The image picked up by the first CCD 32 is displayed on the first monitor
33. The collimating of the 1 fight beam from the first laser light source
39 is adjusted on the imaging surface of the first CCD 32 so that the beam
diameter will be minimized. The parallelism of the outer rim 2a of the
second lens 2, held by suction by the device reference surface 31 a of the
holding unit 31, is detected by a detection system having a second laser
light source 44. As the second laser light source 44, any suitable
monochromatic light source, such as a gas laser or a solid laser, may be
used in   37 addition to a semiconductor laser. The light beam radiated
from the second laser light source 44 is turned into collimated light, with
an enlarged beam diameter, by a collimator lens and a beam expander 45. The
light beam, now turned into the collimated light, is transmitted through a
beam splitter 46, a mirror 47 and the glass cover 35 at the upper end of
the holding unit 31 so as to fall on the lower end of the holding unit 37 .
If the first lens is held on the device reference surface 31 a at the lower
end of the holding unit 31, this collimated light is reflected by the
reference surface 1b of the outer rim 1a of the first lens 1 and thence
returned through the glass cover 3 and the mirror 47 to the beam splitter
46. The return light is reflected back from the reflecting surface of the
beam splitter 46 and branched from the return optical path to the second
laser light source 



44 to fall through mirror 48 on the second CCD 49 operating as detection
means. The image picked up by the second CCD 49 is displayed on the second
monitor 50. The collimating of the light beam from the second laser light
source 44 is adjusted on the imaging surface of the second CCD 49 so that
the beam diameter will be minimized. The sequence of operations for
assembling the objective lens unit, described above, is now explained by
referring to the flowchart shown in Figs. 25 and 26. The objective lens
unit is assumed to be used for an optical pickup device, with the numerical
aperture (NA) of 0.85, a center working wavelength (err) of 405 nm and an
effective diameter of 3 mm. It should be noted that, in the completed
objective lens, the major surface of the outer rim 2a of the second lens 2
closer to the optical   38 recording medium and the major surface of the
outer rim 1a of the first lens 1 remote from the optical recording medium
need to be within a range of tilt of roughly 0.2 mrad to 0.3 mrad. Thus,
with the objective lens unit manufacturing device, the surface used for
positioning the outer rim 1a of the first lens 1 and the surface used for
positioning the outer rim 2a of the second lens 2 need to be adjusted at
the outset to a precision higher than that needed for these lenses 1 and 2.
This adjustment is by the laser light radiated from the first laser light
source 39, as shown in Fig. 27. That is, in a step st1 shown in Fig. 25,
the lenses 1 and 2 are dismounted from the manufacturing device, and the
laser light radiated from the first laser light source 39 and reflected
back from the device reference surface 31a of the holding unit 31 is caused
to fall on the first CCD 32. In a step st2, the position of the first CCD
32 is adjusted, as the first monitor 33 is viewed, so that the light
receiving position is the center position. In the first monitor 33, since
the device reference surface 31 a of the holding unit 31 is
toroidally-shaped (doughnut-shaped), a concentric diffraction pattern may
be observed, as shown in Fig. 27. In adjusting the position of the first
CCD 32, adjustment is made so that the center of this concentric pattern is
in register with the center of the image format of the first monitor 33. In
the next step st3 of Fig. 25, a planar reflective mirror 51 is placed on
the device reference surface 30a of the base unit 30, as shown in Fig. 28.
In the next step st4 of Fig. 25, the device reference surface 30a is
adjusted for tilt so that, when the   r 39 reflected light of the light
beam from the first laser light source 39 by the reflective mirror 51 is
incident on the first CCD 32, the light beam projected on the first monitor
33 will be at the center of the image format. Up to this step st4, the
device reference surface 31a of the holding unit 31 is rendered parallel to
the device reference surface 30a of the base unit 30. Similarly, in a step
sty, the position of a second CCD 49 is adjusted using a second laser light
source 44 and a second monitor 50. 



Then, processing transfers to a step st8 where the first lens 1, already
introduced into and bonded to the lens holder 3 in the steps st6 and st7,
is mounted on the device reference surface 30a of the base unit 30, as
shown in Fig. 29. At this time, air in the base unit 30 is drawn to outside
to lower the inner pressure to attract the first lens 1 to the device
reference surface 30a. It is noted that the reference surface 1b of the
outer rim 1a of the first lens heeds to be abutted accurately against the
device reference surface 30a of the base unit 30. The reason is that, if
dust and dirt, for example, are interposed between these reference surfaces
1b and 30a, the lenses 1 and 2 undergo tilting relative to each other,
after assembling, thus worsening the optical performance, such as
aberration. Thus, even when the first lens 1 is placed on the device
reference surface 30a of the base unit 30, it is necessary for the
parallelism between the reference surface 1b of the first lens 1 and the
device reference surface 30a to be able to be observed. Referring to Fig.
24B, a cut-out is provided in the device reference surface 30a,    40 as
shown in Fig. 24B, so that, as this device reference surface 30a is
maintained, the light reflected on the reference surface. 1b of the first
lens 1 may be returned to the first CCD 32. Since the reference surface 1b
of the first lens 1 is toroidally-shaped, the reflected light on this
reference surface 1b may be observed, in a step st9 of Fig.25, as being a
concentric diffraction pattern. If the reference surface 1b of the first
lens 1 is completely in tight contact with the device reference surface 30a
of the base unit 30, the concentric diffraction pattern, displayed on the
first monitor 33, is at the center of the image format, because the
reference surfaces 1b and 30a are completely parallel to each other. If it
has been verified in a step stl0 from the display surface of the first
monitor 33 that, due to dust and dirt becoming trapped between the
reference surfaces 1b, 30a, the parallelism between the reference surfaces
1b and 30a is not within the reference value, that is if the concentric
diffraction pattern is not at the center of the image format of the first
monitor 33, processing reverts to the step st8 to set the first lens 1
again or to sweep the reference surfaces 1b and 30a. Up to this step, the
verticality or parallelism of the outer rim 1a of the first lens 1 and the
optical axis or the device reference surface 30a of the base unit 30 may be
confirmed. The malfunctioning state of the first lens 1 may be detected
before proceeding to the next step. Then, processing transfers to a step
st11 where the second lens 2 is held by the   41 device reference surface
31a of the holding unit 31 by sucking air inside the holding unit 31, as
shown in Fig. 26. Then, processing transfers to a step st12 of Fig. 25
where it is confirmed whether or not the light reflected from the second
lens 2 is incident on the center of the second CCD 49, in the same way as
above. If, in a step st13, the offset of the center of the reflected light
from the image center is not comprised within the reference value, 



processing reverts to the step st11 to mount the second lens 2 again or to
sweep the device reference surface 31a. Up to this step, the parallelism
between the second lens 2 and the first lens 1 is comprised within a preset
range. In this state, the second lens 2 is caused to descend from above, in
a step st14 of Fig. 26, to the lens holder 3, as shown in Fig.3l. When the
first and second lenses 1, 2 are attracted to the device reference surfaces
30a, 31a, the parallelism between these lenses 1 and 2 is kept. However,
these lenses 1 and 2 are not positioned with respect to offset. The lens
holder 3 is molded from a thermosetting resin, as described above, and has
the function of suppressing the offset between the first and second lenses
1 and 2 to less than several m. That is, the offset between the first and
second lenses 1 and 2 may be removed by moving the second lens 2 along two
axes perpendicular to the optical axis, so as to be positioned along the
inner radius of the lens holder 3, at the same time as the second lens 2 is
introduced into the lens holder 3. After the offset between the first and
second lenses 1, 2 has been removed by   42 the lens holder 3, the holding
unit 31 is caused to descend, in a step stl5 in Fig. 26, to a preset
position at which the second lens 2 is to be positioned ultimately. In
order for the device reference surface 31a to be halted at this position,
there is provided a stopper, for example. Meanwhile, the length measurement
device 37 may be used to monitor whether or not the holding unit 31 has
been lowered to the correct position. In a step stl6, the parallelism
between the reference surface 1b and 2a of the lenses 1 and 2 is checked.
If the parallelism is unsatisfactory, processing reverts to the step stl8
and, if it is satisfactory, processing transfers to the next step stl7.
Thus, in the present manufacturing device, it is possible to check, before
positioning and bonding the second lens 2 to the lens holder 3, it is
possible to check whether or not the parallelism and the distance between
the lenses 1 and 2 are comprised within reference values. In the next step
stl7, the second lens 2 is bonded to the lens holder 3, using a UV light
curable adhesive, as the second lens 2 has been positioned to the lens
holder 3 within a reference range. With the manufacturing device according
to the present invention, it can be checked, in a step st18, by observing
the beam position in the second CCD 49, even after curing of the UV light
curable resin, whether or not the parallelism between the first and second
lenses 1 and 2 is within a reference level,. A lens unit is determined to
be a reject if the parallelism between the two lenses 1 and 2 is not
confined within a reference value.   43 In a step st19, when the adhesive
is cured completely, the attraction of the second lens 2 with respect to
the device reference surface 31a of the holding unit 31 is canceled, when
the adhesive is cured completely. A lens assy composed of the lenses 



1 and 2 and the lens holder 3 is spaced apart from the device reference
surface 31a. In the next step st20, the holding unit 31 is retreated
towards above and an offset confirming mirror 52 is inserted to a space
above the lens assy, as shown in Fig. 32. The laser light radiated from the
first laser light source 39 is incident on and transmitted through the
respective lenses 1 and 2 of the Lens assy so as to be received through an
offset check minor 52 by a third CCD 53. The diffraction pattern, imaged by
this third CCD 53, is displayed on a third monitor 54. In a step st2l,
shown in Fig. 26, it is checked whether or not the offset between the first
and second lenses 1 and 2 is comprised within a prescribed range. Turning
to the detection of the offset between the two lenses, the offset of the
second lens 2 relative to the first lens 1 may be detected by transmitting
the laser light through the first and second lenses 1 and 2 and by
remote-detecting the center position of the diffraction pattern of the
transmitted light, as disclosed in Japanese Laying-Open Patent Publication
H-10-255304. A lens unit is determined to be a reject if the parallelism
between the two lenses 1 and 2 is not confined within a reference value. In
a step st22, the aberration of the objective lens unit, composed of the
first and second lenses 1 and 2, is measured. With the aberration within
the reference range, processing transfers to a step st23 to complete the
objective lens unit. With the   44 aberration outside the reference range,
the objective lens unit is determined to be a reject. A device for
introducing the first lens 1 in the lens holder 3, into which the second
lens 2 has already been introduced and bonded in position, is now
explained. The process for manufacturing the objective lens unit, using the
manufacturing device, hereinafter explained, is now explained with
reference to a flowchart shown in Figs. 33 and 34. The objective lens unit
manufacturing device is made up by a device section for introducing the
second lens 2 into the lens holder 3, as shown in Fig. 35, and a device
section for introducing the first lens 1 into the lens holder 3, into which
the second lens 2 has been introduced, as shown in Fig. 38. The device
section for introducing the second lens 2 into the lens holder 3 includes a
holding unit 31 and a base unit 30, as in the case of the above-described
manufacturing device, as shown in Fig. 35. This device section introduces
the second lens 2 in position in the lens holder 3. The holding unit 31 is
substantially cyl indrically-shaped, with an inner spacing, as in the
above-described manufacturing device, and houses the second lens 2 under an
air pressure differential produced across the inner and outer Bides on
evacuating the inner spacing by drawing air to outside through a suction
through-hole 31b with the outer rim 2a of the second lens 2 abutting on the
lower device reference surface 31a. The lower end of the holding unit 31 is
kept closed at this time by the second lens 2.   45 



The upper end of this holding unit 31 is fitted with a glass cover 35 for
hermetically sealing the inner spacing. The holding unit 31 is supported by
a so-called cross roll bearing, that is a uni axial movement stage 36, and
is movable along the optical axis of the second lens 2. The amount of
movement of this holding unit 31 may be detected by for example a magnetic
length measurement device 37. The holding unit 31 is moved by a driving
power source 38, such as a pneumatic cylinder, a linear motor or a stepping
motor. The base unit 30 is substantially columnar-shaped and has its upper
surface as a device reference surface 30a. This device reference surface
30a in the previous embodiment is shaped to receive the outer rim 1a of the
first lens 1. In the present embodiment, the device reference surface 30a
is shaped to set the lens holder 3 directly thereon. In the present
manufacturing device, the absolute distances of the device reference
surfaces 30a, 31a along the optical axes are detectable by the length
measurement device 37. First, in a step st3l, shown in Fig.33, the
parallelism between the device reference surface 31a of the holding unit 31
and the device reference surface 30a of the base unit 30 is adjusted
accurately at the outset. If, in a step st32, the parallelism between the
device reference surfaces 31a, 30a is comprised within a preset value,
processing transfers to a step st33 and, if otherwise, processing reverts
to the step st3l. In the next step st33, the lens holder 3 is set on the
device reference surface 30a   46 of the base unit 30, as shown in Fig.35.
The outer diameter of the device reference surface 30a is set so as to be
equal to the outer diameter of the first lens 1, with the step 3a as the
reference surface of the lens holder 3 abutting against the device
reference surface 30a. In a step st34, shown in Fig.33, the reference
surface 2b of the second lens 2 is abutted against the device reference
surface 31a of the holding unit 31, and air within this holding unit 31 is
drawn by suction to attract the second lens 2 to the holding unit 31. In a
step st35, shown in Fig.33, it is monitored whether or not the parallelism
between the reference surface 2b of the second lens 2 and the device
reference surface 31a of the holding unit 31 is kept, using the laser
light. If this parallelism is within a prescribed range, processing
transfers to a step st36 and, if otherwise, processing reverts to the step
st34 for renewed setting or sweeping the reference surfaces 2b and 31a. The
above sequence of operations is repeated until the predetermined parallel
ism is reached. In a step st36, the holding unit 31 is lowered towards the
lens holder 3. In a step st37, the holding unit 31 is halted when the
device reference surface 31a of the holding unit 31 is at a predetermined
distance from the device reference surface 30a of the base unit 30, as
shown in Fig.36. The position relationships between the second lens 2 and
the lens holder 3 are selected such that the surface of the second lens 2
towards the optical recording medium and the surface of the protector 6 of
the lens holder 3 will be spaced apart by a predetermined distance, as
shown in Fig.37.   47 If the distance from the step 3a of the lens holder 3
to the surface of the 



protector 6, indicated by arrow a in Fig.37, is prescribed accurately, the
distance between the surface of the second lens 2 towards the optical
recording medium and the surface of the protector 6 can be prescribed
accurately by prescribing the distance from the device reference surface
30a of the base unit 30 abutted against the step 3a, shown by arrow b in
Fig.37, to the surface of the second lens 2 towards the optical recording
medium. The lens holder 3 is formed e.g., of a thermosetting resin, as
described above, and is molded so that the distance from the step 3a to the
end face thereof carrying the protector 6 is approximately within 3 pm. The
protector is formed of a protector material, such as fluorine coating
material, having buffering and low friction coefficients, and is formed to
a thickness precision within approximately less than tens of dim.
Consequently, the precision on the order of approximately tens of pm is
maintained for the distance from the step 3a to the surface of the
protector 6, as shown by arrow a in Fig.37. The error in the distance from
the device reference surface 30a to the surface of the second lens 2, as
indicated by arrow b in Fig.37, is kept to approximately less than several
~m by the objective lens unit manufacturing device. Consequently, the
accuracy of approximately less than tens of ~m may be maintained for the
distance between the surface of the second lens 2 and the surface of the
protector 6. In the next step st38 of Fig.34, the lens holder 3, carrying
the second lens 2, is   48 mounted on the device section for introducing
the first lens 1 into the lens holder 3, as shown in Fig.38. This device
section includes a movable base unit 59, capable of holding the first lens
1 on a device reference surface 58, by suction, and a holding unit 56,
capable of holding the lens holder 3, carrying the second lens 2, by
suction on a device reference surface 55. T'he device reference surface 58,
as an upper surface of the movable base unit 59, is adjusted so as to be
accurately perpendicular to the optical axis of the first lens 1 placed
thereon. The movable base unit 59 is substantially cylindrically-shaped,
with an inner spacing, and holds the first lens 1 under an air pressure
differential produced across the inner and outer Bides on evacuating the
inner spacing, by drawing air therein to outside through a suction
through-hole, with the outer rim 1a of the first lens 1 abutting on the
device reference surface 58. The upper end of the movable base unit 59 is
closed at this time by the first lens 1. The lower end of this movable base
unit 59 is fitted with a glass cover 34 for hermetically sealing the inner
spacing. The glass cover 34 is tilted relative to the device reference
surface 58 towards the upper end thereof to reflect the laser light
illuminated on the outer rim 1a of the first lens 1 so as not to produce
the stray light. The movable base unit 59 is supported by a so-called cross
roll bearing, that is a uni-axial movement stage 36, and is movable along
the optical axes of the first and second lenses 1 and 2. The amount of
movement of this movable base unit 59 may be  



49 detected by for example a magnetic length measurement device 37. The
holding unit 31 is moved by a driving power source 38, such as a pneumatic
cylinder, a linear motor or a stepping motor. The holding unit 56 is
substantially cylindrically-shaped, with an inner spacing, and holds the
second lens 2 under an air pressure differential produced across the inner
and outer Bides on evacuating the inner spacing by drawing air therein to
outside through a suction through-hole, with the lens holder 3, carrying
the second lens 2, abutting on the device reference surface 55. The lens
holder 3 mounting the second lens 2 is held by the surface thereof carrying
the protector 6 compressing against the device reference surface S5. The
lower end of the holding unit 56 is closed at this time by the lens holder
3 and the second lens 2. The upper end of this holding unit 56 is fitted
with a glass cover 35 towards its lower end for hermetically sealing the
inner spacing. The glass cover 35 is tilted relative to the device
reference surface 55 towards its upper end to reflect the laser light
illuminated on the outer rim 2a of the second lens 2 so as not to produce
the stray light. The holding unit 56 is supported by an inclined stage 57
for tilt adjustment. This device includes a detection system, including a
first laser light source 39, for detecting the parallelism of the outer rim
of the first lens, set on the device reference surface 58 of the movable
base unit 59, relative to the device reference surface 58. As the first
laser light source 39, any suitable monochromatic light source, such as a
gas laser or a solid laser, may be used in addition to a semiconductor
laser.   50 The light beam radiated from the first laser light source 39 is
turned into collimated light, with an enlarged beam diameter, by a
collimator lens and a beam expander 40. The light beam, now turned into the
collimated light, is transmitted through a beam splitter 41, a mirror 42
and the glass cover 34 at the lower end of the movable base unit 59 so as
to fall on the upper end of the movable base unit 59. If the first lens is
held on the device reference surface 59 at the upper end of the movable
base unit 58, this collimated light is reflected by the reference surface
1b of the outer rim 1a of the first lens 1 and thence returned through the
glass cover 34 and the mirror 42 to the beam splitter 41. The return light,
reflected back from the is reflected back from the reference surface 1b of
the outer rim 1a of the first lens 1, is reflected back from the reflecting
surface of the beam splitter 41 and branched from the return optical path
to the first laser light source 39 to fall through mirror 43 on the first
CCD 32 operating as detection means. The image picked up by the first CCD
32 is displayed on the second monitor 33. The collimating of the light beam
from the first laser light source 39 is adjusted on the imaging surface of
the first CCD 32 so that the beam diameter will be minimized. This device
includes a detection system, including a second laser light source 44, for
detecting the parallelism of the outer rim of the second lens, held under
suction 



on the device reference surface 55 of the holding unit 56, relative to the
device reference surface 55. As the first laser light source 39, any
suitable monochromatic   51 light source, such as a gas laser or a solid
laser, may be used in addition to a semiconductor laser. The light beam
radiated from the second laser light source 44 is turned into collimated
light, with an enlarged beam diameter, by a collimator lens and a beam
expander 45. The light beam, now turned into the collimated light, is
transmitted through a beam splitter 46, a minor 41 and the glass cover 35
at the upper end of the holding unit 56 so as to fall on the lower end of
the holding unit 56. If the second lens 2 is held on the device reference
surface SS at the lower end of the holding unit 56, this collimated light
is reflected by the reference surface of the outer rim of the second lens 2
and thence returned through the glass cover 35 and the mirror 41 to the
beam splitter 46. The return light is reflected back from the reflecting
surface of the beam splitter 46 and branched from the return optical path
to the first laser light source 44 to fall through mirror 48 on the second
CCD 49 operating as detection means. The image picked up by the second CCD
49 is displayed on the second monitor 50. The collimating of the light beam
from the second laser light source 44 is adjusted on the imaging surface of
the second CCD 49 so that the beam diameter will be minimized. This device
includes a focusing error signals detecting optical system 60. Similarly to
the optical system used in an optical pickup device for an optical disc,
this focusing error signal detecting optical system 60 is an optical system
for detecting the focusing error signals by a so-called astigmatic
aberration method or a differential concentric method. This focusing error
signal detecting optical system 60 includes a   52 semiconductor laser 61,
as a light source, and collimates the light beam, radiated from the
semiconductor laser 61, by a collimator lens 62, and illuminates the
resulting collimated light beam through the beam splitter 63, mirror 64 and
the glass cover 34 from the lower side of the movable base unit 59 into the
inside of the movable base unit 59. If the first lens 1 is set on the
device reference surface 58 of the movable base unit 59, the light beam is
incident on the first lens 1. If the second lens 2 is mounted on the lens
holder 3 by the holding unit 56, the light beam falls on the second lens 2.
The collimated light beam, sequentially incident on the first and second
lenses 1 and 2, is focussed on a point above the second lens 2. The mirror
64 is reciprocable with respect to the lower portion of the movable base
unit 59, and includes an aperture corresponding to the effective diameter
of the objective lens unit. A glass cover 69, having a reflective surface,
is mounted in the vicinity of the focal point of the objective lens unit,
as shown in Fig.39. This glass cover 69 is designed to be equal in
thickness and refractive index to the cover layer of the optical recording
medium used in conjunction with the objective lens unit. The light beam,
converged by the first and second lenses 1 and 2, is reflected by the
reflective surface of the glass cover 69 and returned to the beam splitter
63 through the second lens 2, first lens 1, glass cover 34 and the mirror
64, as shown in Fig.38. This return light is reflected by the reflecting
surface of the beam splitter 63, on the beam splitter 63, and 



branched from the return optical path to the semiconductor laser 61. If the
astigmatic method is used, this return light is transmitted through the
mirror 65, converging lens   53 66 and a cylindrical lens 67 to produce
astigmatic aberration so as to be then converged on the light receiving
surface of a photodetector 68. The light receiving surface of the
photodetector 68 is divided from the center into four radial areas,
outputting photodetector signals independently of one another. Focusing
error signals and pull-in signals may be generated by calculations based on
the four photodetector signals, output from the photodetector 68, as will
be explained subsequently. The glass cover 69 is supported by being secured
to the movable part of the voice coil motor as driving means actuatable in
the optical axis direction as shown in Fig.39. This voice coil motor has a
leaf spring 70. The glass cover 69 and the coil 72 are carried by this leaf
spring 70 so that the glass cover 69 and the coil 72 are movable as movable
parts. The voice coil moto is a fixed part and includes a magnet 71 in the
vicinity of the coil 72. In the voice coil motor, the glass cover 69 is
moved along the direction of the optical axis, under the interaction of the
current supplied to the coil 72 and the magnetic field generated by the
magnet 71, by the driving current supplied to the coil 72. The leaf spring
70 of the voice coil motor includes a through-hole 73 for transmission
smaller in diameter than the second lens 2, in order for the laser light
radiated from the second laser light source 44 to be illuminated on the
surface of the second lens 2 proximate to the optical recording medium, as
shown for example in   54 Figs.39 and 40. With the detection system, having
the second laser light source 44, the parallelism of the surface of the
second Lens 2 close to the optical recording medium to the device reference
surface 58 of the movable base unit 59 can be monitored through this
through-hole 73. In a step st39, shown in Fig.34, the parallelism between
the device reference surface 58 of the movable base unit 59, used for
positioning the first lens 1, and the surface of the second lens 2, mounted
to the lens holder 3, held by the holding unit 56, which surface is closer
to the optical recording medium, is adjusted. If the parallelism between
the surface of the second lens 2 and the device reference surface 58 of the
movable base unit 59 is not comprised within the preset range, the inclined
stage 57 is adjusted so that the parallelism between the surface of the
second lens 2 and the device reference surface 58 of the movable base unit
59 will be comprised within the preset range. In a step st40, the
parallelism between the device reference surface 58 and the surface of the
second lens 2 is checked and, if the parallelism is within the prescribed
range, processing transfers to a step st4l. If otherwise, processing
reverts to a step st39. 



In a step st4l, the first lens 1 is mounted on the device reference surface
58 of the movable base unit 59, as shown in Fig.38. In a step st42, shown
in Fig.34, the laser light from the first laser light source 39, reflected
by the reference surface 1b of the first lens 1, is checked to verify the
parallelism between the reference surface 1b of the first lens 1 and the
device reference surface 58 of the movable base unit 59. At this   55 time,
the mirror 64 of the focusing error signal detecting optical system 60 is
receded back from the position below the movable base unit 59. If, in a
step st43, the parallelism is within the prescribed range, processing
transfers to a step st44. If the parallelism is not within the prescribed
range, processing reverts to a step st41 for re-setting, or the reference
surfaces 1b and 58 are swept. This sequence of operations is repeated until
the parallel ism is within the prescribed value. When the parallelism of
the reference surface 1b of the first lens 1 with respect to the device
reference surface 58 is confirmed, the mirror 64 of the focusing error
signal detecting optical system 60 is inserted to a position below the
movable base unit 59, as shown in Fig.38. If the refractive curved surfaces
and thicknesses of the respective lenses of the double lens set are a11
equal to the design values, the spherical aberration should be zero when
the distance between the two lenses of the set is equal to the design
value. In actuality, however, refractive curved surfaces or the thicknesses
of the respective lenses, possibly affecting the spherical aberration, are
deviated from the design values, due to, for example, an offset from a
design value of the metal die for molding, or variations in the molding
conditions. It is known to adjust the distance between the two lenses to
minimize the spherical aberration in the assembled state of the double lens
set. In this objective lens set manufacturing device, adjustment may be
made by exploiting this principle, in such a manner that, as the focusing
error signals are detected, the device reference surface 58 is raised to a
position where the center value   56 of the focusing error signals is zero,
in order to minimize the spherical aberration on the objective lens unit
under a condition that the lenses molded using variable metal dies or under
variable molding conditions co-exist. That is, in a step st44 shown in
Fig.34, the movable base unit 59 is uplifted to introduce the first lens 1
set on the device reference surface 58 into the lens holder 3. In a step
st45, the glass cover 69 is vibrated along the optical axis by the voice
coil motor. That is, when the movable base unit 59 is raised, a sinusoidal
driving voltage, for example, is supplied to the coil 72 of the voice coil
motor to vibrate the glass cover 69 along the optical axis. In the optical
pickup device of the recording and/or reproducing apparatus, employing an
optical recording medium, the objective lens unit is vibrated along the
optical axis by an objective lens unit driving actuator to detect the
so-called focusing error signals (S-shaped signal) and a sum signal to be
incident on a detector (pull-in 



signal) to set the application timing of focusing servo. In the present
manufacturing device, the objective lens unit is fixed, instead of
vibrating the objective lens unit by the objective lens unit driving
actuator, with the glass cover 69 being forced into vibrations. At this
time, the focusing error signals and the pull-in signals are detected, as
shown in Figs.4lA to 41C. Referring to Fig.38, with photodetector signals A
to D from the respective areas of the light receiving surface of the
photodetector 68, the signal levels of the focusing error signals in the
case of, for example, an astigmatic method, are defined by [A+C   57
(B+D)], while the pull-in level is defined by [A+C+B+D)]. Referring to
Figs.4lAto 41C, the relationship between the S-shaped waveform of the
focusing error signals and the spherical aberration of the objective lens
unit is hereinafter explained. With the zero spherical aberration, the
S-shaped waveform of the focusing error signals becomes symmetrical in the
up-and-down, with the focusing error signals becoming zero V for the
maximum pull-in level. If the spherical aberration is of a negative
polarity, the S-shaped waveform of the focusing error signals becomes
asymmetrical in the up-and-down direction, with the focusing error signals
being of negative polarity at the maximum pull-in level, as shown in
Fig.4lA . If conversely the spherical aberration of the objective lens unit
is of a positive polarity, the S-shaped waveform of the focusing error
signals becomes asymmetrical in the up-and-down, with the focusing error
signals becoming of a positive polarity for the maximum pull-in level, as
shown in Fig.4lC. The state of the focusing error signal level can be
estimated from the signal level of the focusing errors at the maximum point
of the pull-in level. Alternatively, the state of the focusing error signal
level can be estimated by detecting the level of the center value of the
S-shaped signal of the focusing error signals. The level of the center
value of the S-shaped waveform of the focusing error signals (V center) may
be defined by: V center = (Vt + Vb)/2 where Vt and Vb are a top voltage and
a bottom voltage of the S-shaped signal   58 of the focusing error signals,
respectively. If the spherical aberration of the objective lens unit is
plotted against the center value (voltage) of the S-shaped signal waveform
of the focusing error signals, a constant relationship is obtained, as
shown in Fig.42. Meanwhile, the graph shows data in which plural lenses
molded using plural metal dies co-exist, with the numerical aperture (NA)
of 0.85, the working wavelength (7~) of 405 nm and with the effective
diameter of 3 mm. Based on this relationship, it is possible to find a
center value of the S-shaped signal for which the absolute value of the
spherical aberration is minimum. In a step st46, shown in Fig.34, the
center value of the S-shaped signal of the focusing error signals is
detected to check whether or not the so detected value is 



within a preset range with respect to a preset value. It the center value
is within a prescribed value, processing transfers to a step st47 and, if
otherwise, processing reverts to a step st44 to repeat the processing of
adjusting the position of the first lens 1. In a step st47, the first lens
1 is bonded to the lens holder 3. The objective lens unit is completed on
curing the adhesive in a step st48. Similarly to the conventional
single-lens glass molded objective lens or an objective lens formed of
synthetic resin, the objective lens unit, assembled using the device and
the method according to the present invention, is used for an optical
pickup device. Similarly to the conventional objective lens, the objective
lens unit may be mounted to the objective lens driving mechanism used for a
conventional optical   59 pickup device as shown in Figs.43 and 44. As the
objective lens unit driving mechanism, on which is loaded the objective
lens unit of the present invention, such a mechanism similar to the
conventional mechanism may be used. For example, in a four-wire type
objective lens driving mechanism, in which the objective lens unit is
carried in a cantilevered fashion with four wires, as shown in Figs.43 and
44, a coil bobbin 8, carrying the objective lens, is movably supported by a
base block 10 using four resilient wires 9. A dumper material 11 is
provided on the proximal Bides of the wires 9 carried by the base block 10.
A focusing coil 12 and a tracking coil 13 are mounted on the coil bobbin 8.
On the base block 10 are mounted a magnet 14 and a yoke 15. The magnet 14
and the yoke 15 are arranged so that the focusing col 12 and the tracking
coil 13 are placed in the magnetic field thereby produced. When the driving
current is supplied to the focusing coil 12, the objective lens unit
driving mechanism causes movement of a coil bobbin 8 along the focusing
direction parallel to the optical axis of the objective Lens unit, under
the interaction of the driving current and the magnetic field formed by the
magnet 14 and the yoke 15. Moreover, when the driving current is supplied
to the tracking coil 13, the objective lens unit driving mechanism causes
movement of the coil bobbin 8 along the planar tracking direction
perpendicular to the optical axis of the objective lens unit. The optical
pickup device controls the driving currents supplied to the focusing col 12
and the tracking coil 13 to cause movement of the objective lens unit to
control   60 the position of the objective lens unit in such a manner that
the light spot of the light beam converged by this objective lens unit will
be formed at all times on the signal recording surface of the optical
recording medium to follow the recording track formed on the optical
recording medium. If the optical recording medium is an optical disc, the
up-and-down direction in Fig.43 and the depth-wise direction in F ig.44
correspond to the radial direction of the optical disc, while the left and
right direction in Figs.43 and 44 correspond to the tangential direction
thereof. The optical pickup device, having the objective lens unit driving
mechanism and the objective lens unit according to the present invention,
includes a semiconductor 



laser (LD) 16, operating as a light source, as shown in Fig.45. A
linear-polarized light beam Ll, radiated as a divergent light beam from the
semiconductor laser 16, is collimated by a collimator lens 17 and has its
optical path bent by 90 by the mirror 18 to fall on a polarizing beam
splitter (PBS) 19. The light beam transmitted through the polarizing beam
splitter 19 is turned into circular polarized light by a ~,/4 plate
(quarter wave plate) 20 to fall on a beam expander 21 composed of a concave
mirror and a convex lens so as to be thereby expanded in beam diameter to
fall on an objective lens unit 51. This objective lens unit 51 is supported
by an objective lens unit driving mechanism, not shown, for movement in the
focusing direction Fl parallel to the optical axis and in a planar tracking
direction T, perpendicular to the optical axis. The light beam incident on
the objective lens unit is converged by this objective   61 lens unit 51
and illuminated on the signal recording surface of an optical recording
medium 110, such as an optical disc. The light beam L" illuminated on the
signal recording surface of the optical recording medium 110, is modulated
in a preset manner by this signal recording surface with respect to the
direction of polarization and reflected to fall on the objective lens unit
51. A return light beam L, is transmitted through a beam expander 21 and
turned by the 7~/4 plate (quarter wave plate) 20 into linear polarized
light of the direction of polarization perpendicular to the direction of
polarization of the light beam Ll incident on the optical recording medium
110. The resulting linear polarized light is returned to the polarizing
beam splitter 19. The return light beam L,r is reflected by the reflecting
surface within the beam splitter 19 to fall on a second polarizing beam
splitter 22. This second polarizing beam splitter 22 is set so that, in the
state in which the return light beam LZ is not modulated by the optical
recording medium 110, the amount of the transmitted light will be equal to
the amount of the reflected light. The return light beam LZ, transmitted
through the second polarizing beam splitter 22, is converged by enlarging
lens systems 23 and 24 on a first photodetector (PD1) 25. The return light
beam L2, reflected by the second polarizing beam splitter 22, is converged
through a converging lens system 26 and a knife edge 27 to a second
photodetector (PD2) 28. Based on the detection signals of the optical
output from the photodetectors 25, 28, variable signals, such as RF
signals, focusing error signals or tracking error signals may be generated
to read out information signals recorded on the optical recording medium
110.   62 For detecting the focusing error signals, the so-called
astigmatic method or the so-called differential concentric method may be
used in addition to the above-described knife edge method. For detecting
the tracking error signals, the so-called push-pull method, or the
so-called differential push-pull method (DPP method) may be used. Moreover,
the present optical pickup device is able not only to read out information
signals from the optical recording medium but also to write information
signals on the optical recording medium 110. A recording and/or reproducing
apparatus may be constructed by providing the optical pickup device,
described above, and a recording medium holding mechanism, adapted for
holding and rotationally driving the optical recording medium 110, such as
an optical disc, as shown in Fig.45. In the recording and/or reproducing
apparatus, shown in Fig.45, the signals read out by the optical pickup
device from the optical recording medium 110 are processed by the signal
processing circuit to generate RF signals and various error signals. The
signals input to this recording and/or reproducing apparatus from outside
are processed by the signal processing circuit so as to be written by the
optical pickup device on the optical recording medium 110. Industrial
Applicability With the objective lens unit manufacturing method and device,
according to the present invention, in which a lens is positioned in a
cylindrically-shaped lens holder of a synthetic resin material, using
another lens, already mounted and secured to the lens   63 holder, as a
reference, and the one lens is secured to the lens holder, for setting
relative positions of the one and the other lenses, so that a double lens
set comprised of two lenses, with a numerical aperture (NA) not less than
0.7, may be assembled efficiently within a short time. Since only the
necessary minimum precision may be required of the lens holder, it is
possible to enlarge the casting tolerance of the lens holder to improve the
yield. Moreover, since the lens interval along the optical axis of the
objective lens unit and the parallelism between the lenses are maintained
by the precision of the objective lens unit manufacturing device, it is
possible to improve the assembling reproducibility and the yield. With the
present invention, it is possible to produce an objective lens unit, with a
numerical aperture not less than 0.7, made up by plural lenses, in which
the relative positions between the lenses may be adjusted to high accuracy
and in which the spherical aberration may be reduced   64 CLAIMS 1. An
objective lens unit manufacturing apparatus for manufacturing an objective
lens unit, with a numerical aperture not less than 0.7, made up by a
plurality of lenses, comprising: 



a positioning mechanism for positioning one lens in a cylindrically-shaped
lens holder of a synthetic resin material, using another lens, already
mounted and secured to said lens holder, as a reference, and for securing
said one lens to said lens holder, for setting relative positions of said
one and the other lenses. 2. The objective lens unit manufacturing
apparatus according to claim 1 further comprising a mechanism for measuring
the state of offset between the lenses using the laser light. 3. The
objective lens unit manufacturing apparatus according to claim 1 further
comprising: a light source for causing a light beam to fall on the
respective lenses in the lens holder; a reflecting member for reflecting
said light beam converged by said respective lenses; and a focusing error
signal detecting mechanism for receiving the light beam reflected by said
reflecting member to fall again on said respective lenses to detect the
focusing error signals with respect to said reflecting member; wherein the
amount of spherical aberration in the light beam transmitted through said
65 respective lenses is measured, based on changes in said focusing error
signals when said reflecting member is moved along the optical axes of the
respective lenses, to adjust the distance between the respective lenses
based on said amount of spherical aberration. 4. The objective lens unit
manufacturing apparatus according to claim 3 wherein said reflecting member
is vibrated along the optical axes of the respective lenses. 5. The
objective lens unit manufacturing apparatus according to claim 1 wherein
the lens holder includes lens inserting sections into which the outer rims
of the respective lenses are inserted to control the offset of said
respective lenses; said respective lenses being inserted into said lens
inserting sections to control the offset of the respective lenses; said
respective lenses being secured to said lens holder with an adhesive as the
offset of the respective lenses is controlled by said lens inserting
sections. 6. The objective lens unit manufacturing apparatus according to
claim 5 further comprising: a light source for causing a light beam to fall
on the respective lenses in the lens holder; a reflecting member for
reflecting said light beam converged by said respective lenses; and a
focusing error signal detecting mechanism for receiving the light beam
reflected by said reflecting member to fall again on said respective lenses
to detect the focusing error signals with respect to said reflecting
member; wherein   66 the amount of spherical aberration in the light beam
transmitted through said respective lenses is measured, based on changes in
said focusing error signals when said reflecting member is moved along the
optical axes of the respective lenses, to adjust the distance between the
respective lenses based on said amount of spherical aberration. 7. The
objective lens unit manufacturing apparatus for manufacturing an objective
lens 



unit used as an objective lens unit of an optical pickup device for writing
or reading out information signals on or from an optical recording medium,
according to the present invention 5, further comprising: a mechanism for
determining the distance between the lens surface closest to the optical
recording medium and an end face of a lens holder lying around said lens
surface along the optical axis. 8. The objective lens unit manufacturing
apparatus for manufacturing an objective lens unit used as an objective
lens unit of an optical pickup device for writing or reading out
information signals on or from an optical recording medium, according to
claim 1, wherein the other lens used as a positioning reference for said
one lens is the lens remotest from the optical recording medium, with a
surface of the outer rim of said one lens remote from the optical recording
medium being used as a reference surface for positioning said one lens; the
surface of the outer rim of said other lens close to said optical recording
medium being used as said positioning reference for said one lens. 9. The
objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 wherein, in securing said one lens to said
lens holder, said one lens is held, the distance of said one lens to said
other lens is determined in a state not position-controlled by said lens
holder, insofar as the direction of the optical axis is concerned, said one
lens being secured to said leas holder by an adhesive. 10. The objective
lens unit manufacturing apparatus for manufacturing an objective lens unit
as claimed in claim 8 wherein, in securing said one lens to said lens
holder, said one lens is held, the parallelism of said one lens to said
other lens is determined in a state not position-controlled by said lens
holder, insofar as the tilt with respect to the optical axis is concerned,
said one lens being secured to said lens holder by an adhesive. 11. The
objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 further comprising: a positioning member
for positioning a reference surface of a lens; and a mechanism for
measuring the parallelism between said reference surface and said
positioning member, using a laser light beam. 12. The objective lens unit
manufacturing apparatus for manufacturing an objective lens unit as claimed
in claim 8 further comprising: a positioning member for positioning a
reference surface of a lens; and a mechanism for measuring the parallelism
between said reference surface and   68 said positioning member in a state
in which said reference surface is abutted against said positioning member.
13. The objective lens unit manufacturing apparatus for manufacturing an
objective lens unit as claimed in claim 8 further comprising: a positioning
member for positioning a reference surface of a lens; and a. mechanism for
abutting said reference surface against said positioning member by
attracting said lens by a pneumatic pressure differential. 



14. The objective lens unit manufacturing apparatus for manufacturing an
objective lens unit as claimed in claim 8 wherein the parallelism between
the surface of the outer rim of said other lens remote from the optical
recording medium and the surface of the outer rim of said one lens close to
said optical recording medium is measured by detecting only the reflected
light from the surface of said outer rim of said other lens remote from the
optical recording medium, using a photodetector, in a state in which the
light is incident on the outer rim of said other lens and in which the
light transmitted through said outer rim and reflected by the surface of
said outer rim close to said optical recording medium is not returned to
said photodetector. 15. An objective lens unit manufacturing method for
manufacturing an objective lens unit, with a numerical aperture not less
than 0.7, made up by a plurality of lenses, by positioning a lens in a
cylindrically-shaped lens holder of a synthetic resin material, using
another lens, already mounted and secured to said lens holder, as a
reference, and   69 for securing said one lens to said lens holder, for
setting relative positions of said one and the other lenses, said method
comprising: causing a light beam to be incident on the respective lenses in
said lens holder; reflecting said light beam, converged by said respective
lenses, by a reflecting member; causing the light beam reflected by said
reflecting member to be re-incident on said respective lenses to detect
focusing error signals with respect to said reflecting member, based on a
light beam transmitted through said respective lenses; and determining the
amount of said spherical aberration in said light beam transmitted through
said respective lenses, based on changes in said focusing error signals
when said reflecting member is moved along the optical axes of said
respective lenses, to adjust the distance between said respective lenses
based on the amount of said spherical aberration. 16. An objective lens
unit manufacturing apparatus according to claim 15 wherein the reflective
member is vibrated along the optical axes of said respective lenses. 17. An
objective lens unit manufacturing method for manufacturing an objective
lens unit, with a numerical aperture not less than 0.7, made up by a
plurality of lenses, in which one lens is secured to a cylindrically-shaped
lens holder of a synthetic resin material by being fitted to a lens
inserting section of said lens holder, to which another lens is already
mounted and secured, with said other lens as positioning reference, for
effecting relative positioning of said one and the other lenses, said lens
inserting   70 section receiving outer rim portions of said one and the
other lenses to control the offset of said one and the other lenses, said
method comprising: causing a light beam to be incident on the respective
lenses in said lens holder; reflecting said light beam, converged by said
respective lenses, by a reflecting 



member; causing the light beam reflected by said reflecting member to be
re-incident on said respective lenses to detect focusing error signals with
respect to said reflecting member, based on a light beam transmitted
through said respective lenses; and determining the amount of said
spherical aberration in said light beam transmitted through said respective
lenses, based on changes in said focusing error signals, when said
reflecting member is moved along the optical axes of said respective
lenses, to adjust the distance between said respective lenses based on the
amount of said spherical aberration. 18. An objective lens unit
manufacturing method for manufacturing an objective lens unit, with a
numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is secured to a cylindrically-shaped lens holder of a
synthetic resin material by being fitted to a lens inserting section of
said lens holder, to which another lens is already mounted and secured,
with said other lens as positioning reference, for effecting relative
positioning of said one and the other lenses, said lens inserting section
receiving outer rim portions of said one and the other lenses to control
the offset of said one and the other lenses, said objective lens unit being
used as an   71 objective lens unit for an optical pickup device for
writing or reading out information signals on or from an optical recording
medium, said method comprising: determining the distance along the optical
axis between the lens surface of said lens closest to an optical recording
medium and an end face of the lens holder lying around said lens surface.
19. An objective lens unit manufacturing method for manufacturing an
objective lens unit, with a numerical aperture not less than 0.7, made up
by a plurality of lenses, in which one lens is positioned and secured to a
cylindrically-shaped lens holder of a synthetic resin material by being
fitted to a lens inserting section of said lens holder, to which another
lens is already mounted and secured, with said other lens as positioning
reference, for effecting relative positioning of said one and the other
lenses, said lens inserting section receiving outer rim portions of said
one and the other lenses to control the offset of said one and the other
lenses, said objective lens unit being used as an objective lens unit for
an optical pickup device for writing or reading out information signals on
or from an optical recording medium, wherein said other lens, used as a
positioning reference for said one lens, is the lens remote from the
optical recording medium, with the surface of an outer rim of said other
lens remote from the optical recording medium being used as a reference
surface for positioning said one lens; the surface of an outer rim of said
one lens close to the optical recording medium being used as a positioning
reference surface, and wherein   72 in positioning the lens reference
surface using a positioning member, the 



parallelism between said reference surface and said positioning member is
measured using laser light. 20. An objective lens unit manufacturing method
for manufacturing an objective lens unit, with a numerical aperture not
less than 0.7, made up by a plurality of lenses, in which one lens is
positioned and secured to a cylindrically-shaped lens holder of a synthetic
resin material by being fitted to a lens inserting section of said lens
holder, to which another lens is already mounted and secured, with said
other lens as positioning reference, for effecting relative positioning of
said one and the other lenses, said lens inserting section receiving outer
rim portions of said one and the other lenses to control the offset of said
one and the other lenses, said objective lens unit being used as an
objective lens unit for an optical pickup device for writing or reading out
information signals on or from an optical recording medium, wherein said
other lens, used as a reference for positioning said one lens, is the lens
remote from the optical recording medium, with the surface of an outer rim
of said other lens remote from the optical recording medium being used as a
reference surface for positioning said one lens; the surface of an outer
rim of said one lens close to the optical recording medium being used as a
positioning reference surface, and wherein in positioning the lens
reference surface using a positioning member, the parallelism between said
reference surface and said positioning member is measured   w 73 with said
reference surface abutting against said positioning member. 21. An
objective lens unit manufacturing method for manufacturing an objective
lens unit, with a numerical aperture not less than 0.7, made up by a
plurality of lenses, in which one lens is positioned and secured to a
cylindrically-shaped lens holder of a synthetic resin material by being
fitted to a lens inserting section of said lens holder, to which another
lens is already mounted and secured, with said other lens as
positioningreference, for effecting relative positioning of said one and
the other lenses, said lens inserting section receiving outer rim portions
of said one and the other lenses to control the offset of said one and the
other lenses, said objective lens unit being used as an objective lens unit
for an optical pickup device for writing or reading out information signals
on or from an optical recording medium, wherein said other lens, used as a
reference for positioning said one lens, is the lens remote from the
optical recording medium, with the surface of an outer rim of said other
lens remote from the optical recording medium being used as a reference
surface for positioning said one lens; the surface of an outer rim of said
one lens close to the optical recording medium being used as a positioning
reference surface, and wherein in positioningthe lens reference surface,
using a positioning member, the lenses are attracted under a pneumatic
pressure differential for abutting said reference surface against said
positioning member. 22. An objective lens unit manufacturing method for
manufacturing an objective lens   74 unit, with a numerical aperture not
less than 0.7, made up by a plurality of lenses, in 



which one lens is positioned and secured to a cylindrically-shaped lens
holder of a synthetic resin material by being fitted to a lens inserting
section of said lens holder, to which another lens is already mounted and
secured, with said other lens as positioning reference, for effecting
relative positioning of said one and the other lenses, said lens inserting
section receiving outer rim portions of said one and the other lenses to
control the offset of said one and the other lenses, said objective lens
unit being used as an objective lens unit for an optical pickup device for
writing or reading out information signals on or from an optical recording
medium, wherein said other lens, used as a reference for positioning said
one lens, is the lens remote from the optical recording medium, with the
surface of an outer rim of said other lens remote from the optical
recording medium being used as a reference surface for positioning said one
lens; the surface of an outer rim of said one lens close to the optical
recording medium being used as a positioning reference surface, and wherein
the parallelism between the surface of the outer rim of said other lens
remote from the optical recording medium and the surface of the outer rim
of said one lens close to said optical recording medium is measured by
detecting only the reflected light from the surface of said outer rim of
said one lens remote from the optical recording medium, using a
photodetector, in a state in which the light is incident on the outer rim
of said other lens and in which the light transmitted through said outer
rim and   75 reflected by the surface of said outer rim close to said
optical recording medium is not returned to said photodetector.
.ASaL.A@L.AS.ASu.Au9.ASa`.A,uL.AL.A.Au.Aas.Aa.AN9.A,;
`.AaL.AuL.A9.A,N9.Alu.A,(9.AuL.A9.AN&.AN9.A,N9.Au&.AYu.A,NL.Au9.Au9.Au`.A,N
L.A`.AuL.Au9.Au9.Aa&.AL.A3u.Al;
.Au9.AL.A9.Au9.Au9.Aa&.AuL.AuL.AaL.AaL.AL.AL.AuL.A9%.Au&.A9.A;
&.ANL.Aa9.Aa&.AaL.Au9.Au9.A9.AN9.Aa.Aa9.ANL.Aa9.A3a.A
a.Aa.Au.Au.A996HXJMJR}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]cRa]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!] _4;
hofJP]|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]`V\a@9S
K!!!!!"X""}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!""8###5$G$$$<%%%B&v&&((q(()p))*
p**+m+y++,u,,-i-}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!i-- .a....1///5000,1z11
2d223`333/44415355555>6T66}wrmhc^Y]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!666
7r7777)8d888-9Y99999 :]:|::
;<;;;;<U<k<<<#=v=}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!v===;>>>>>??????@J@@@@;
AAA1BBBCeCCCCBDCDFDDD$E}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$EvEEFYFFF:GGG$HzH
HH-III&JCJFJJJK<KKKLcLLMDMMMM}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!MKNNNOUOOOOO
JPPPQ@QQQ1RDRmRRR%S~SSSBTTT6U9UUU6V}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6VVVV6
WWXXOYYYZlZZ[u[x[[*\\\\D]]]]W^^^B___E``}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!``
Haaaa5bbbc'cccc4dddepeefmffg&grggg"hshhipii}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!ii?jjjGkkkGlllEmmmMnnnnnPoop\ppqVqqrUrrss\ss}xsnid_Z]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!st>tcttuueuuvnvvw0w{ww(xvxx'yyyyzBzzz5{{{{/|||-}}xsnid_Z]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!-}}}~_~~l!~|14:
gpI"|}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>KNE--44ghDY}xsnid_Z]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!dAGNLXfZZJI}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!IT[bim48Ac}xsnid_Z]]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca!TQTqoFKZcV}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!e06)z'K
O8;
>VQ}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Q>O#25}wHEFI}xsnid_Z]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!ORW129?=>ES}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:AEKNH/4@jt}xsnid_Z]]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!#&/iebiUWhhi}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!EL&w(|
AGPI;
9<}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!A$y$z-NO!y2T,9|wrmhc^Y]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!9[XRSV`l*,i+}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ILi^??3219}xsnid_Z]]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca!@\R   h  je K
HG=CK}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!K=7@M!vGGQldWW|wrmhc^Y]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]
ca]ca]ca]ca!W`\_i+}/C!!!I"""K####2$$$}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$9%%
%%B&&&<''';(((5)))))F*W**+X++,
,n,,"-|--+..}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!..5/B///>0A0000Q111P222S333X4
44*5|55#6|666&7x77!8}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!!8y88)9999G:::C;
;;;I<<<M=P===>U>>>W??
@e@@AdAAB}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BWBBBVCCDD^DDEZEEFfFFGeGGGRIIJ[J
J
KKiKKKELLLL}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!LKMMMSNNNOeOOO
P`PPQQfQQR*RxRR(SSS-TTT2UUUU:VV}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!VVGWWWW2XX
X8YYY9ZZZZS[[\[\\]Y]]^^^a^^_C___F``}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!``a_aa
bdbbchccc1dddd!emeefoffgbggh_hhh;
iii+jxj}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!xjjjkk6kkk3lll5mmm.nnn4o7ooopgqjqq
q4rrr2sss1tt}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!tttEuuuBvvv;
wwwwDxxxybyyz.z~zz,{||0}}}*~~~p}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!pssFGDnhDP
O6C}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!LXB>BLUaNQGY}xsnid_Z]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!qBGRMZ@['*}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! hJrn
q>JM(y)wi}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.~*2#uv_'{(06}xsnid_Z]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!6~$>>BJ17:>DH}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:3R*s(j2~k>:|
wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:L2F+4k>:|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
HXiK-,10%&'()- ,t10%&'()-@ 



10%&'()-3@10%&'()-F&`10%&'()-M10%&'()-`SL`10%&'()-JMiK-,""10%&'()- ,
"10%&'()-  10%&'()- ,Y10%&'()- ,"10%&'()- @"10%&'()-,l"10%&'()-
JRiK-y2"10%&'()- L010%&'()- ,.10%&'()- ,+"10%&'()-,)"10%&'()-,s'"10%&'()-
,3%"10%&'()- iKy2"10%&'()-  &s10%&'()-@L`10%&'()-101010Y710%&'()-3 S8
10%&'()-&4"10%&'()- S ~{\=2K 10+"10%&'()-#"10%&'()-! @"10%&'()-!
@"10%&'()-! @"10%&'()-@"10%&'()-]mN/"10%&'()-@
10%&'()-@"10%&'()-39`10%&'()-M10%&'()-MSM10%&'()-` 10 10] _4dEmN/"10%
10%&'()- `10%&'()-l"10%&'()- ,"10%&'()- "10%&'()- "10%&'()-4;dEmN/"10%
.10%&'()-+"10%&'()- )"10%&'()- '"10%&'()- F%"10%&'()- #"10%&'()-
hbC"10%3910%&'()-SM10%&'()-` 10 10 104"10%&'()-2"10%&'()-`0
10%&'()-ofdEbC"10%,T10%&'()-,@"10%&'()-,"10%&'()-@"10%&'()-,
"10%&'()-,S"10%&'()- JPdEbC"10%, "10%&'()- ,"10%&'()- ,Y"10%&'()-
,"10%&'()- ,"10%&'()- 10%&'()- ]`dEbC"10% ."10%&'()-+"10%&'()- ,)"10%&'()-
,s'"10%&'()- 3% 10%&'()- #G 10%&'()- VbC"10%S"10%B&'()- F9`10%B&'()- 10 



10 104"10%&'()- 2 10%&'()- L010%&'()-
\adEbC"10%,"10%B&'()-"10%B&'()-,@"10%B&'()-"10%B&'()-"10%B&'()-  "10%B&'()-
@9dEbC"10%# 10%B&'()- "10%B&'()- "10%B&'()- Y"10%B&'()- ,10%B&'()-
10%B&'()-S   K!!dEbC"10%`010%B&'()- ."10%B&'()-+"10%B&'()- )"10%B&'()-
s'"10%B&'()- F% 10%B&'()- !!!!!!!"X"bC"10%@l "10%&'()-
@10%&'()-Y&s10%&'()-S`M10%&'()-` 10B 10B
10B4f10%B&'()-X"""8###5$dEbC"10%,"10%&'()- ,"10%&'()- @l"10%&'()-
,,"10%&'()- 10%&'()-,10%&'()- 5$G$$$<%%%dEbC"10%,3%"10%&'()-""10%&'()- ,
"10%&'()- ,"10%&'()- F10%&'()- ,410%&'()- %B&v&&(((((xmbC"10%FLs10%&'()- 10
10 10.#10%&'()-+
10%&'()-,)10%&'()-,`'"10%&'()-(q(()p))*dEmbC"10%@"10%&'()-S@"10%&'()-@"10%&
'()-S"10%&'()- S "10%&'()- @S"10%&'()- *p**+m+y++dEmbC"10% 10%&'()-
@Y10%&'()-@Y"10%&'()- @,"10%&'()- @"10%&'()- @"10%&'()- +,u,,-i--dEmbC"10%@
."10%&'()-@+"10%&'()- @)"10%&'()- s' 10%&'()- @F% 10%&'()- 



S#"10%&'()- - .a.......bC"10%S 10%B&'()-  Ls10%B&'()- 10 10 10@4910%&'()-
,2"10%&'()- @`0"10%&'()-.1///5000dEbC"10%"10%B&'()-"10%B&'()-S"10%B&'()-
"10%B&'()- "10%B&'()-  "10%B&'()- 0,1z11 2d22dEbC"10%# 10%B&'()-  10%B&'()-
"10%B&'()-l"10%B&'()- @10%B&'()- 10%B&'()-23`333/44dEbC"10%s0"10%B&'()-
3."10%B&'()- + 10%B&'()- )m10%B&'()- '"10%B&'()- Y%"10%B&'()-
44.5/5051535555bC"10%,@"10%m&'()-3&s10%m&'()-M10%m&'()-` 10B 10B
10B4"10%B&'()-2"10%B&'()-55>6T6666dEbC"10%,10%m&'()- ,l"10%m&'()-,
10%m&'()- ,g10%m&'()- ,"10%m&'()- ,l "10%m&'()- 6
7r7777)8dEbC"10%3%310%m&'()-,"z10%m&'()- 10%m&'()- 10%m&'()- F 10%m&'()-
,10%m&'()- )8d888-9Y99dEbC"10%y2 10%m&'()- L0g10%m&'()-. 10%m&'()-
+310%m&'()- ) 10%m&'()-`'f10%m&'()-9999999 :]:bC"10%  10%m&'()- Ss10%m&'()-
910%m&'()-M10%m&'()-L 10m 10m 10m4m10%m&'()- ]:|:: ;<;;;dEbC"10%,10%m&'()-
10%m&'()-,10%m&'()-S 10%m&'()- 



10%m&'()- ,10%m&'()- ;;<U<k<<<dEbC"10%,Y%:10%m&'()-# 10%m&'()-
10%m&'()-10%m&'()-,lG 10%m&'()-@ 10%m&'()-<#=v===;>>dEbC"10%2
10%m&'()-,s0"10%m&'()- 3., 10%m&'()- ,+10%m&'()-,)"10%m&'()- ' 10%m&'()-
>>>>>>>???bC"10% "10%/&'()-@, 10%/&'()-910%/&'()-sM10%/&'()-M 10m 10m
10m4"10%m&'()-????@J@@@dEbC"10%10%/&'()- , 10%/&'()- ,
10%/&'()-,@"10%/&'()-, 10%/&'()- , 10%/&'()-@@;AAA1BBdEbC"10%3%#10%/&'()-
""10%/&'()-   10%/&'()- ,"10%/&'()- Y, 10%/&'()- ,10%/&'()-
BBCeCCCCdEbC"10%,2 10%/&'()- L0, 10%/&'()-  .10%/&'()-+"10%/&'()-),
10%/&'()- ,s'g10%/&'()- C?D@DADBDCDFDDDbC"10% 10%&'()- S"10%&'()-
910%&'()-L10%&'()-M 10/ 10/ 10/4, 10%/&'()- D$EvEEFYFFdEbC"10%10%&'()-
"10%&'()- 10%&'()-@10%&'()- "10%&'()-- 10%&'()-
FF:GGG$HzHdEbC"10%F%"10%&'()- #"10%&'()-   10%&'()- 10%&'()- l"10%&'()- ,T
10%&'()- zHHH-III&JdEbC"10%2"10%&'()-`0 10%&'()- ."10%&'()-+"10%&'()- )
10%&'()- 'z10%&'()- &J@JAJBJCJFJJJKbC"10% 10%/&'()-@  10%/&'()- @ 10%/&'()-
910%/&'()- 10 10 10410%&'()-K<KKKLcLLdEbC"10%@,"10%/&'()- 



10%/&'()- @f10%/&'()- @l"10%/&'()- @
10%/&'()-@f10%/&'()-LMDMMMMKNdEbC"10%s'@ 10%/&'()-
,F%m10%/&'()-,#"10%/&'()-   10%/&'()- ,z10%/&'()- Y 10%/&'()-
KNNNOUOOOOOdE:/ 10/ 10/410%/&'()- 2 10%/&'()-,`010%/&'()- .
10%/&'()-,+:10%/&'()-,)"10%/&'()- OOOOJPPPQxY:/ 10/@ 10%&'()-,@10%&'()-@
"10%&'()-@ 10%&'()- 910%&'()-,`M10%&'()-L 10/Q@QQQ1RDRmRdE:/ 10/,-10%&'()-
m10%&'()- ,"10%&'()- ,"10%&'()- l 10%&'()- ,@10%&'()-mRRR%S~SSSdE:/ 10/+
10%&'()-,)"10%&'()- ,s'"10%&'()- 3% 10%&'()- #'10%&'()-  10%&'()-
SBTTT3U4U5U6U9UxmbC 10/ L10%/&'()- 10 10 10410%&'()- 2"10%&'()- L0"10%&'()-
. 10%&'()- 9UUU6VVVVdEmbC 10/,M10%/&'()-,@"10%/&'()-,"10%/&'()- ,"10%/&'()-
, "10%/&'()- S10%/&'()- V6WWXXOYYdEmbC 10/,'"10%/&'()-F%"10%/&'()- #
10%/&'()- ,@"10%/&'()-,"10%/&'()- 10%/&'()-YYZlZZ[r[s[t[dE:/ 10/
10/4"10%/&'()-2"10%/&'()-`0"10%/&'()-3. 10%/&'()- +10%/&'()-)"10%/&'()-
t[u[x[[*\\\\xY:/ 10/@ 10%B&'()-:10%B&'()- "10%B&'()- 



"10%B&'()- S"10%B&'()- L10%B&'()- 10/\D]]]]W^^dE:/ 10/S10%B&'()-
l"10%B&'()- @ 10%B&'()-10%B&'()-"10%B&'()-"10%B&'()-^^B___E``dE:/
10/+"10%B&'()- )"10%B&'()- '"10%B&'()- F%"10%B&'()- #"10%B&'()-   10%B&'()-
``HaaaaaaaxmbC 10/910%B&'()- 10B 10B 10B4"10%B&'()-2"10%B&'()-`0"10%B&'()-
."10%B&'()-a5bbbc'ccdEmbC 10/l"10%B&'()- @g10%B&'()-"10%B&'()-10%B&'()-
"10%B&'()-S10%B&'()-ccc4dddedEmbC 10/  10%B&'()- s10%B&'()- Y"10%B&'()-
,"10%B&'()- 10%B&'()-10%B&'()-epeefmffgdEmbC 10/ ."10%B&'()-+"10%B&'()-
)"10%B&'()- s'"10%B&'()- F%"10%B&'()-#"10%B&'()- g&grgggggg"hbC
10/@S"10%&'()- 3910%&'()- 10B 10B 10B4"10%B&'()- 2- 10%B&'()-
`010%B&'()-"hshhipiiidEbC
10/@310%&'()-@"10%&'()-@@"10%&'()-@"10%&'()-@"10%&'()-@ "10%&'()-
i?jjjGkkkdEbC 10/,#"10%&'()- @ "10%&'()- ,"10%&'()- ,l"10%&'()- @@"10%&'()-
10%&'()-kGlllEmmmdEbC 10/,`0"10%&'()-, ."10%&'()- ,+"10%&'()- )- 10%&'()- 



,'!10%&'()-,Y%"10%&'()-mMnnnnnnnnbC 10/S"10%&'()-  910%&'()-lM10%&'()-M 10
10 10,4#10%&'()-,2"10%&'()-nPoop\ppqdEbC 10/ 10%&'()-
!10%&'()-@"10%&'()-"10%&'()- ,"10%&'()-, "10%&'()-qVqqrUrrsdEbC
10/#"10%&'()-  "10%&'()- "10%&'()- l"10%&'()- ,"10%&'()-
"10%&'()-ss\sst>tctdEbC 10/`0910%&'()- .s10%&'()-+"10%&'()- )"10%&'()- '
10%&'()-F%10%&'()- cttuu uuueuubC 10/S "10%&'()-SS"10%&'()- 3910%&'()- 10
10 104"10%&'()-2 10%&'()-uvnvvw0w{wdEbC 10/ 10%&'()-
@,10%&'()-@"10%&'()-S@"10%&'()-@"10%&'()-S"10%&'()-{ww(xvxx'yyydEbC
10/@F%#10%&'()- ,#"10%&'()- @ "10%&'()- @"10%&'()- @l"10%&'()- @,"10%&'()-
yyyzBzzz5{dEbC 10/,210%&'()- ,`0"10%&'()- . 10%&'()-@+,10%&'()- @)"10%&'()-
,s'"10%&'()-5{{{{{{{/||bC 10/,"10%/&'()- , "10%/&'()- ,S"10%/&'()-
L10%/&'()- 10 10 



104 10%&'()- ||-}}}~_~dEbC 10/, 10%/&'()- ,10%/&'()-"10%/&'()-,"10%/&'()-S
10%/&'()- ,"10%/&'()- _~~l!~dEbC 10/'"10%/&'()- Y%"10%/&'()- #"10%/&'()- ,
"10%/&'()- "10%/&'()-l"10%/&'()- ~|./0dE:/ 10/ 10/4 10%/&'()-210%/&'()-
s0"10%/&'()-  ."10%/&'()- +, 10%/&'()- )310%/&'()- 014:xY:/ 10/S310%
U&'()-"10% U&'()- "10% U&'()- "10% U&'()- S"10% U&'()- 910% U&'()- 10/
gpIdE:/ 10/10% U&'()-l"10% U&'()- , 10% U&'()- 10% U&'()- "10% U&'()-  10%
U&'()-I"|dE:/ 10/+10% U&'()-)"10% U&'()- s'"10% U&'()- 



F% 10% U&'()- #S10% U&'()-   10% U&'()- >HIJKNxmbC 10/ &10%/&'()- 10 U 10 U
10 U4"10% U&'()-2"10% U&'()-`0"10% U&'()- . 10% U&'()-NE-dEmbC 10/l
10%/&'()- ,,10%/&'()- ,"10%/&'()- @"10%/&'()-  10%/&'()-,@10%/&'()---4dEmbC
10/, "10%/&'()- ,"10%/&'()- ,Y"10%/&'()- ,"10%/&'()- ,"10%/&'()-
,#10%/&'()- 44gdEmbC 10/."10%/&'()- +
10%/&'()-)@10%/&'()-,s'"10%/&'()-,3%"10%/&'()-,#"10%/&'()- hDbC 10/S@
10%/&'()- 910%/&'()- 10/ 10/ 10/,4M10%/&'()- 2"10%/&'()- L0"10%/&'()-
DYddEbC 10/,"10%/&'()-,"10%/&'()-@S"10%/&'()- ,"10%/&'()- ,"10%/&'()- ,
"10%/&'()- 



dAGdEbC 10/,#"10%/&'()- , "10%/&'()-  10%/&'()- ,lm10%/&'()-
,@"10%/&'()-,"10%/&'()-GNLdEbC 10/,`0"10%/&'()-, ."10%/&'()-,+"10%/&'()-
)"10%/&'()- ,'"10%/&'()- ,F%"10%/&'()- LXbC 10/S "10%&'()- SS"10%&'()-
910%&'()- 10/ 10/ 10/,4"10%/&'()- ,2"10%/&'()- fZdEbC 10/@"10%&'()-
S"10%&'()-- 10%&'()-S@10%&'()-S"10%&'()-S"10%&'()-ZJdEbC 10/F%-
10%&'()-@#10%&'()-@ "10%&'()- @"10%&'()- @Y"10%&'()- @,"10%&'()- IxmbC
10/&10%B&'()- 10 10 10,4"10%&'()-,+"10%&'()-@)"10%&'()- @s'"10%&'()-
T[dEmbC 10/l"10%B&'()- ,"10%B&'()- "10%B&'()-"10%B&'()-
10%B&'()-@"10%B&'()-bidEmbC 10/ "10%B&'()- "10%B&'()- F"10%B&'()-
"10%B&'()- "10%B&'()- "10%B&'()- m4dEmbC 10/."10%B&'()-
+"10%B&'()-)"10%B&'()-`' 10%B&'()-3%10%B&'()-#"10%B&'()- 8bC
10/L10%&'()-YM10%&'()-` 



10B 10B 10B4"10%B&'()-2#10%B&'()- L0"10%B&'()- AcdEbC 10/
10%&'()-Sz10%&'()-"10%&'()- "10%&'()-  10%&'()- SG10%&'()-cTQdEbC 10/
"10%&'()- "10%&'()-l 10%&'()- @10%&'()-"10%&'()- "10%&'()-QTdEbC 10/
."10%&'()-+ 10%&'()- )10%&'()- '"10%&'()- F%"10%&'()- #"10%&'()- qobC
10/Sf"10%&'()- 3L10%&'()- 10 10 104#10%&'()-2"10%&'()-`0"10%&'()-oFKdEbC
10/@"10%&'()- @"10%&'()- @S"10%&'()-  10%&'()- @10%&'()- S "10%&'()- KZdEbC
10/@,#"10%&'()- @ "10%&'()- @"10%&'()- l
10%&'()-@@f10%&'()-@"10%&'()-cVdEbC 10/,s0"10%&'()- ,3."10%&'()-
,,"10%&'()- ) 10%&'()- ,'410%&'()- @Y%"10%&'()- e0bC 10/ "10%/&'()- S
10%/&'()- 910%/&'()- 



10 10 10,4T10%&'()-,2"10%&'()- 06)dEbC 10/10%/&'()-,"10%/&'()-
"10%/&'()-@"10%/&'()- ,"10%/&'()- "10%/&'()- )z'dEbC 10/Y%
10%/&'()-#"10%/&'()-  "10%/&'()- "10%/&'()- l"10%/&'()- , 10%/&'()- KOdEbC
10/2"10%/&'()-`0 10%/&'()- ."10%/&'()-+"10%/&'()- )"10%/&'()- ' 10%/&'()-
5678;>bC 10/"10%/&'()- , "10%/&'()-@ 10%/&'()- 910%/&'()- 10/ 10/
10/4`10%/&'()->VQdEbC 10/,,"10%/&'()- ,"10%/&'()- ,"10%/&'()- ,"10%/&'()-@
10%/&'()- ,10%/&'()- >OdEbC 10/,,410%/&'()- ,#"10%&'()-,#"10%/&'()-
10%/&'()- ,10%/&'()-,l"10%/&'()- #/0125xmbC 10/`10% h&'()- 10/ 10/
10/410%/&'()-,210%/&'()-s0`10%/&'()- . 10%/&'()- 5}wdEmbC 10/"10% h&'()- f@
10% h&'()- &310% h&'()-F10% h&'()- f10% h&'()- y 10% h&'()- wHEdEmbC
10/!"10% h&'()-"10% h&'()-"10% h&'()-S"10% h&'()-  10% h&'()- Y10% h&'()-
EFIdEmbC 10/F."10% h&'()- ,"10% h&'()- )"10% h&'()- '"10% h&'()- l%"10%
h&'()- @#"10% h&'()-ILMNORbC 



10/Sf"10%&'()- L10%&'()- 10 h 10 h 10 h4"10% h&'()- 2"10% h&'()- 0"10%
h&'()- W1dEbC 10/ 10%&'()-@10%&'()-@S"10%&'()- @"10%&'()-  10%&'()- @
10%&'()- 129dEbC 10/,#"10%&'()- , "10%&'()- ,"10%&'()-
@"10%&'()-@@"10%&'()-@"10%&'()-9?=dEbC 10/s0 10%&'()- ,3.T 10%&'()-
,+"10%&'()- ,)"10%&'()- @'"10%&'()- ,Y%"10%&'()- =>bC 10/ "10%B&'()-
f"10%B&'()- `10%B&'()- 10 10 10,4"10%&'()- ,2"10%&'()- ESdEbC 10/"10%B&'()-
10%B&'()- 310%B&'()- f"10%B&'()- &"10%B&'()- "10%B&'()-S:AdEbC
10/Y%"10%B&'()- ,#"10%B&'()- !"10%B&'()-
10%B&'()-10%B&'()-S"10%B&'()-AEdEbC 10/2"10%B&'()- s0 10%B&'()- F.10%B&'()-
,"10%B&'()- ) 10%B&'()- 'Z10%B&'()- 



HIJKNHbC 10/"10%B&'()-   10%B&'()- f!10%B&'()-L10%B&'()- 10B 10B
10B4"10%B&'()- H/4dEbC 10/@"10%B&'()-"10%B&'()- 10%B&'()- 10%B&'()-
S"10%B&'()- "10%B&'()- 4@dEbC 10/'10%B&'()-Y%"10%B&'()- ,#"10%B&'()-
"10%B&'()- "10%B&'()- l"10%B&'()- jt !"dE:/ 10B 10B4"10%B&'()-
2"10%B&'()-s0"10%B&'()- 3."10%B&'()- +"10%B&'()- )S 10%B&'()- "#&/ixY:/
10B@ 10%/&'()-,10%/&'()-,"10%/&'()-, "10%/&'()-,@"10%/&'()- 910%/&'()-
10BebdE:/ 10B 10%/&'()- ,lt10%/&'()- ,,"10%/&'()- ,"10%/&'()- ,"10%/&'()-
,"10%/&'()-biUdE:/ 10B+"10%/&'()- ) 10%/&'()- s'10%/&'()- F%"10%/&'()-
#"10%/&'()- , "10%/&'()- UWxmbC 10B910% U&'()- 10/ 10/
10/4"10%/&'()-2"10%/&'()-`0"10%/&'()- ."10%/&'()-hhdEmbC 10B#10%
U&'()-@"10% 



U&'()-#10% U&'()- 10% U&'()- "10% U&'()- ,S"10% U&'()- iEdEmbC 10B "10%
U&'()- - 10% U&'()- l&10% U&'()-,"10% U&'()- "10% U&'()-"10% U&'()-L&wdEmbC
10B .@ 10% U&'()-+f10% U&'()-)#10% U&'()- s'"10% U&'()- F%"10% U&'()- #"10%
U&'()- w(yz{|bC 10B@ 10%B&'()-&10%B&'()- 10 U 10 U 10 U4#10% U&'()- 2#10%
U&'()-`0"10% U&'()-AGdEbC 10B"10%B&'()- l"10%B&'()- ,"10%B&'()-
#10%B&'()-,"10%B&'()- , 10%B&'()-PIdEbC 



10Bf)10%B&'()-`'"10%B&'()-3%"10%B&'()- #"10%B&'()-  "10%B&'()- "10%B&'()-;
6789dYNC 10B 10B 10B 10B4"10%B&'()- 2"10%B&'()- L0"10%B&'()- .#10%B&'()-
+"10%B&'()-9<AdEYNC 10B S"10% U&'()-#10% U&'()- "10% U&'()-  "10% U&'()-
S"10% U&'()- L10% U&'()-$y$zdEYNC 10B "10% U&'()-l"10% U&'()- ,"10% U&'()-
#10% U&'()- - 10% U&'()-10% U&'()--NOdEYNC 10B +"10% U&'()- )"10% U&'()-
s'"10% U&'()- F%- 10% U&'()-#M10% U&'()-  #10% U&'()- !yxmbC 



10B3`10%&'()-M 10 U 10 U 10 U4"10% U&'()-2"10% U&'()-`0@ 10% U&'()-3.10%
U&'()- 2TdEmbC 10B@10%&'()-- 10%&'()-10%&'()- #10%&'()-@"10%&'()-
910%&'()-T,9dEmbC 10B"10%&'()- Y"10%&'()- ,"10%&'()-- 10%&'()-  10%&'()- l-
10%&'()- 9[XdEmbC 10B+"10%&'()-)"10%&'()-s'"10%&'()- F%"10%&'()-# 10%&'()-
10%&'()-OPQRSVbC 10B@ "10%&'()- ,S#10%&'()-  L10%&'()-l`10%&'()-s 10 10 104
10%&'()- `ldEbC 10B,#10%&'()-,"10%&'()-,"10%&'()-,S#10%&'()- - 10%&'()-
,10%&'()-*,dEbC 10BY%#10%&'()-#"10%&'()- , "10%&'()- -
10%&'()-,10%&'()-,@"10%&'()-i+dEbC 10B2g10%&'()-`0"10%&'()-,3."10%&'()- +-
10%&'()- ,)t10%&'()-,'"10%&'()- +|}~IbC 10B- 10%B&'()-
S10%B&'()-S"10%B&'()- 910%B&'()- 



10 10 104- 10%&'()-ILdEbC 10B, 10%B&'()- 10%B&'()-"10%B&'()-
"10%B&'()-@"10%B&'()-"10%B&'()-i^dEbC 10Bs'- 10%B&'()-
F%10%B&'()-#"10%B&'()-   10%B&'()-10%B&'()- Y"10%B&'()- ??dE:/ 10B 10B4@
10%B&'()- 2s10%B&'()-`0"10%B&'()- ."10%B&'()-+"10%B&'()- )"10%B&'()- 32xY:/
10BS"10% h&'()- "10% h&'()- "10% h&'()-  "10% h&'()- S"10% h&'()- L10%
h&'()- 10B19dE:/ 10B"10% h&'()- l"10% h&'()- @"10% h&'()-"10% h&'()-"10%
h&'()- 10% h&'()- @\dE:/ 10B+#10% h&'()- )- 10% h&'()- ' 10% h&'()- Y%"10%
h&'()- #- 10% h&'()-  10% h&'()-R      xmbC 10B910%4|&'()- 10 h 10 h 10
h4310% h&'()-2#10% h&'()- s0"10% h&'()-3."10% h&'()-  h 



jdEmbC 10B"10%4|&'()-S 10%4|&'()- F"10%4|&'()- "10%4|&'()- "10%4|&'()- S-
10%4|&'()- e K   dEmbC 10B "10%4|&'()- - 10%4|&'()-l@10%4|&'()-
,"10%4|&'()- "10%4|&'()- "10%4|&'()-  HGdEmbC 10B ."10%4|&'()-+"10%4|&'()-
)"10%4|&'()- '"10%4|&'()- F%"10%4|&'()- #"10%4|&'()-=CbC 10BS"10%B&'()-
910%B&'()- 104| 104| 104|4#10%4|&'()- 2"10%4|&'()-`010%4|&'()-CK=dEbC
10B`10%B&'()-"10%B&'()-@, 10%B&'()-"10%B&'()-, 10%B&'()- z10%B&'()- M!vdEbC
10B##10%B&'()-   10%B&'()- 10%B&'()- Y#10%B&'()- ,"10%B&'()- , 10%B&'()-
vGGdEbC 10B`0"10%B&'()- ."10%B&'()-+"10%B&'()- )- 10%B&'()- s's10%B&'()-
F%#10%B&'()- GQlbC 10B m 10% U&'()- 



S#10% U&'()- 910% U&'()- 10B 10B 10B4"10%B&'()- 2"10%B&'()-ldWdEbC 10BS 10%
U&'()- Z"10% U&'()-#10% U&'()-@"10% U&'()-"10% U&'()-@ 10% U&'()- WW`dEbC
10BF%"10% U&'()- #- 10% U&'()-  `10% U&'()-#10% U&'()- l"10% U&'()-,"10%
U&'()- \_dEbC 10B2"10% U&'()-`0"10% U&'()- ."10% U&'()-+"10% U&'()- )@ 10%
U&'()- '10% U&'()-ibC 10B"10%/&'()-  "10%/&'()-@"10%/&'()-&10%/&'()- 10 U
10 U 10 



U4 10% U&'()-+}/dEbC 10B"10%/&'()-#10%/&'()- "10%/&'()- l#10%/&'()- ,,
10%/&'()- 10%/&'()-C!!!I"""dEbC 10B90"10%/&'()-."10%/&'()-
+"10%/&'()-)#10%/&'()-`', 10%/&'()- F#10%/&'()-"K#######2$bC 10B "10%B&'()-
S 10%B&'()- L10%B&'()- 10/ 10/ 10/410%/&'()- y2"10%/&'()- 2$$$9%%%%dEbC
10B- 10%B&'()-10%B&'()-"10%B&'()- S"10%B&'()- "10%B&'()-
"10%B&'()-%B&&&<'''dEbC 10BY%"10%B&'()-,#"10%B&'()-  "10%B&'()- #10%B&'()-
l"10%B&'()- @"10%B&'()-';(((5)))dEbC 10B210%B&'()- s0"10%B&'()-3."10%B&'()-
,"10%B&'()- )"10%B&'()- '"10%B&'()- ))))))F*W**bC 10B- 10% U&'()-  10%
U&'()-S"10% U&'()- L10% U&'()- 10B 10B 10B4@ 10%B&'()- *+X++, ,n,dEbC 10B@S
10% U&'()-10% U&'()-"10% U&'()-"10% 



U&'()-S"10% U&'()- #10% U&'()- n,,"-|--+..dEbC 10B'"10% U&'()- F%#10%
U&'()- #"10% U&'()-  "10% U&'()- "10% U&'()- l"10% U&'()- ..5/B///;
0<0=0dE:/ 10 U 10 U4"10% U&'()-2"10% U&'()-`0- 10% U&'()-3.Y10% U&'()-+"10%
U&'()- )"10% U&'()- =0>0A0000Q11xY:/ 10 US#10% U&'()-, 10% U&'()- -10%
U&'()-  #10% U&'()- S#10% U&'()- L10% U&'()- 10 U11P222S33dE:/ 



10 U"10% U&'()- l"10% U&'()- ,#10% U&'()- "10% U&'()-"10% U&'()-"10%
U&'()-33X444*5|5dE:/ 10 U+- 10% U&'()- )m10% U&'()- '10% U&'()- F%"10%
U&'()- #"10% U&'()-  #10% U&'()- |55#6|666666xmbC 10 UL10% U&'()- 10 U 10 U
10 U4"10% U&'()-2#10% U&'()-`0#10% U&'()-3.#10% U&'()- 6&7x77!8y88dEmbC 10
U"10% U&'()-S"10% U&'()- "10% U&'()- #10% 



U&'()-  "10% U&'()- S 10% U&'()- 8)9999G::dEmbC 10 U "10% U&'()- "10%
U&'()- l 10% U&'()- @ 10% U&'()-"10% U&'()-#10% U&'()-::C;;;;I<dEmbC 10
U3.- 10% U&'()- +10% U&'()-)"10% U&'()- '"10% U&'()- Y%#10% U&'()- ,#"10%
U&'()- I<<<J=K=L=M=P==bC 10 US"10% U&'()- L10% U&'()- 10 U 10 U 10 U4#10%
U&'()-2"10% U&'()- s0#10% 



U&'()- ==>U>>>W?dEbC 10 U"10% U&'()-"10% U&'()-S"10% U&'()- "10% U&'()- @
10% U&'()-  z10% U&'()-W?? @e@@AdAdEbC 10 U#"10% U&'()-  "10% U&'()- "10%
U&'()-l"10% U&'()- ,"10% U&'()- "10% U&'()- dAABWBBBVCdEbC 10 U`0"10%
U&'()- ."10% U&'()- + 10% U&'()- )"10% U&'()- '"10% U&'()- F%#10% U&'()-
VCCDDDDD^DDbC 10 U #10% U&'()- f"10% U&'()- 



L10% U&'()- 10 U 10 U 10 U4#10% U&'()-2"10% U&'()-DEZEEFfFFdEbC 10 U"10%
U&'()- "10% U&'()- "10% U&'()- S"10% U&'()-"10% U&'()-"10% U&'()-
FGeGGGRIIdEbC 10 U,"10% U&'()- ,##10% U&'()- - 10% U&'()- 10% U&'()-"10%
U&'()-@"10% U&'()-IJ[JJ KKK KKxmbC 10 UL10%B&'()- 10 U 10 U 10 U4"10%
U&'()- 2"10% U&'()- s0"10% 



U&'()- 3."10% U&'()- KiKKKELLLdEmbC 10 U"10%B&'()- S"10%B&'()- "10%B&'()- ,
10%B&'()-  :10%B&'()-S"10%B&'()- LLKMMMSNNdEmbC 10 U #10%B&'()- "10%B&'()-
#10%B&'()-@#10%B&'()-@ 10%B&'()-10%B&'()-NNOeOOO PdEmbC 10 U3.- 10%B&'()-
,F10%B&'()-)"10%B&'()- '"10%B&'()-Y%- 10%B&'()- #10%B&'()-  P`PPQQ QQQfQbC
10 U@"10% h&'()- 910% h&'()- 10B 10B 10B4"10%B&'()- 2"10%B&'()-
s0"10%B&'()- fQQR*RxRR(SdEbC 10 U"10% h&'()- l"10% h&'()- @@ 10% h&'()-10%
h&'()- "10% h&'()- "10% h&'()-(SSS-TTT2UdEbC 10 U#"10% h&'()-  "10%
h&'()-"10% h&'()- Y"10% h&'()- "10% h&'()-"10% h&'()- 2UUUU:VVVdEbC 10
UL0"10% h&'()-  .#10% h&'()-+@ 10% h&'()-)10% h&'()-s'"10% h&'()- 



3%"10% h&'()- VGWWWWWWW2XbC 10 U 10%B&'()-@"10%B&'()-&10%B&'()- 10 h 10 h
10 h4"10% h&'()-2"10% h&'()- 2XXX8YYY9ZdEbC 10 U"10%B&'()-  10%B&'()-
l"10%B&'()- @"10%B&'()-"10%B&'()-, 10%B&'()-9ZZZZS[[\dEbC 10 U3%"10%B&'()-
#"10%B&'()-  "10%B&'()- - 10%B&'()- Y10%B&'()- ,"10%B&'()-\[\\]Y]]^dEbC 10
U2"10%B&'()- `0"10%B&'()-."10%B&'()- +"10%B&'()-)#10%B&'()-s'"10%B&'()-
^[^\^]^^^a^^_C_bC 10 U10% h&'()- "10% h&'()-@#10% h&'()- 910% h&'()- 10B
10B 10B4"10%B&'()- C___F```adEbC 10 U,F 10% h&'()- "10% h&'()- "10% h&'()-
l#10% h&'()- @"10% h&'()-- 10% h&'()-a_aa bdbbcdEbC 10 Us'"10% h&'()-
F%"10% h&'()- #"10% h&'()-  "10% h&'()- "10% h&'()- Y 10% h&'()- 



chccc1ddddddE:/ 10 h 10 h4"10% h&'()- 2"10% h&'()- `0 10% h&'()- .&10%
h&'()-+#10% h&'()- )#10% h&'()- ddd!emeefofxY:/ 10 h,#10%B&'()- #10%B&'()-
#10%B&'()- - 10%B&'()-@M10%B&'()-&10%B&'()- 10 hoffgbggh_hdE:/ 10
h#10%B&'()- ,F"10%B&'()- -#10%B&'()- "10%B&'()- #10%B&'()- l#10%B&'()-
_hhh;iii+jdE:/ 10 h+10%B&'()-)"10%B&'()-`'"10%B&'()-3%, 10%B&'()-
#-10%B&'()-  "10%B&'()- +jxjjjkkkkkxmbC 10 hL10%/&'()- 10B 10B 10B4T
10%B&'()- 210%B&'()- L010%B&'()- .@ 10%B&'()- k6kkk3llldEmbC 10 h"10%/&'()-
,S#10%/&'()- ,"10%/&'()- #10%/&'()-  , 10%/&'()- S@10%/&'()- l5mmm.nnndEmbC
10 h "10%/&'()- "10%/&'()- l"10%/&'()- @,
10%/&'()-"10%/&'()-"10%/&'()-n4o7ooopdqeqfqdE:/ 10/ 10/3.#10%/&'()-+T
10%/&'()- )10%/&'()- '@ 10%/&'()- ,Y%10%/&'()-#"10%/&'()- fqgqjqqq4rrrxY:/
10/@"10%B&'()-#10%B&'()-"10%B&'()- , 10%B&'()-Sz10%B&'()- 910%B&'()- 



10/r2sss1tttdE:/ 10/"10%B&'()- Y"10%B&'()- ,"10%B&'()- ,"10%B&'()-
"10%B&'()- l"10%B&'()- ttEuuuBvvdE:/ 10/+"10%B&'()- )"10%B&'()-
s'"10%B&'()- F%#10%B&'()-#- 10%B&'()-  10%B&'()- vv;wwwwwwwxmbC
10/&10%B&'()- 10B 10B 10B4"10%B&'()- 2- 10%B&'()- `010%B&'()-
.#10%B&'()-wDxxxybyydEmbC 10/l"10%B&'()- , 10%B&'()- , 10%B&'()-,"10%B&'()-
"10%B&'()-,@"10%B&'()-yz.z~zz,{|dEmbC 10/ #10%B&'()-#10%B&'()- Y"10%B&'()-
, 10%B&'()- g10%B&'()-"10%B&'()- ||0}}}*~|~}~~~dE:/ 10B 10B4 10%B&'()-
2!10%B&'()- L0"10%B&'()- .#10%B&'()-
+"10%B&'()-)"10%B&'()-~~~~}mnopsuj_T5910%B&'()- 10/ 10/ 10/#10%/&'()-T!
S#10%//&'()-9S#10%/&'()-9L10%/&'()- 10Bss}[M?15 10BB 10BB 10BB!
3.#10%BB&'()-3.#10%&'()-"10%B&'()-! S"10%BB&'()-&!S"10%BB&'()-&FGdEM?15
10BB 10@"10%B&'()-#10%B&'()- "10%B&'()-  "10%B&'()- S"10%B&'()-
910%B&'()-GDndEM?15 10BB 10"10%B&'()-l@ 10%B&'()- 



,10%B&'()- "10%B&'()- "10%B&'()-"10%B&'()-hbC5 10BB 1 "10% U&'()- fS10%
U&'()-910% U&'()- 10B 10B 10B#10%B&'()-  "10%B&'()- DPOdEbC5 10BB 110%
U&'()- "10% U&'()- "10% U&'()-@@ 10% U&'()-10% U&'()-"10% U&'()-6CdEbC5
10BB 13%- 10% U&'()- #10% U&'()- "10% U&'()- F10% U&'()-Y"10% U&'()- ,"10%
U&'()- LXBdEbC5 10BB 1210% U&'()- L0"10% U&'()-  .@ 10% U&'()-+10% U&'()-)-
10% U&'()- '10% U&'()-B>bC5 10BB 1"10%/&'()- 



"10%/&'()- S#10%/&'()- 910%/&'()- 10 U 10 U 10 U4- 10% U&'()- BLdEbC5 10BB
1Y%10%/&'()-#"10%/&'()- #10%/&'()-&10%/&'()-@#10%/&'()- m10%/&'()-UadEbC5
10BB 12"10%/&'()-`0@ 10%/&'()-3.10%/&'()-+ 10%/&'()- )10%/&'()-s' 10%/&'()-
KLMNQGbC5 10BB 1#10%B&'()- l #10%B&'()- ,, 10%B&'()- 10%B&'()- 10/ 10/
10/410%/&'()-GYdEbC5 10BB 1  10%B&'()- "10%B&'()- "10%B&'()- Y"10%B&'()-
,Z10%B&'()-"10%B&'()- qBdEbC5 10BB 1-"10%B&'()- +- 10%B&'()- "#10%B&'()-m
:10%B&'()- s#10%B&'()- F, 10%B&'()- BGbC5 10BB 1 "10%B&'()-@`10%B&'()- 10B 



10B 10B4@ 10%B&'()- y2 10%B&'()- 90"10%B&'()- RMdEbC5 10BB
1"10%B&'()-,"10%B&'()- lZ10%B&'()- @"10%B&'()-"10%B&'()-#10%B&'()-Z@dEbC5
10BB 1F%10%B&'()-#"10%B&'()-  10%B&'()-"10%B&'()-Y"10%B&'()-
,"10%B&'()-@[dEbC5 10BB 12@10%B&'()- L010%B&'()-  ."10%B&'()-+10%B&'()-)-
10%B&'()- s'@10%B&'()- $%&'*bC5 10BB 1@"10%/&'()- , m 10%/&'()-
,S"10%/&'()-  L10%/&'()- 10B 10B 10B4- 10%B&'()-  hJrdEbC5 10BB 1,@
10%/&'()-@"10%/&'()-,M10%/&'()-- 10%/&'()-S-10%/&'()- ,10%/&'()- rn qdEbC5
10BB 1,s'"10%/&'()- Y%#10%/&'()-##10%/&'()- , "10%/&'()- ,"10%/&'()- l
10%/&'()- q>GHIdE:/ 10/ 10/4"10%/&'()-2"10%/&'()-`0#10%/&'()-,3."10%/&'()-
+10%/&'()- )"10%/&'()- IJM(yxY:/ 



10/S10%B&'()-- 10%B&'()- 10%B&'()- 10%B&'()-@"10%B&'()-910%B&'()-
10/)widE:/ 10/"10%B&'()- Y"10%B&'()- ,, 10%B&'()- z 10%B&'()- "10%B&'()-
10%B&'()-i.~*dE:/ 10/+#10%B&'()- )"10%B&'()- s'10%B&'()- F%"10%B&'()- #Z
10%B&'()-  #10%B&'()- *2xmbC 10/910%&'()- 10B 10B 10B4#10%B&'()-
2"10%B&'()- `0"10%B&'()- .#10%B&'()-#udEmbC 10/, 10%&'()-,@10%&'()-@
10%&'()- 10%&'()-  -10%&'()-S"10%&'()- v_dEmbC 10/ "10%&'()- "10%&'()-
l"10%&'()- ,, 10%&'()- z 10%&'()- "10%&'()-'{(dEmbC 10/ ."10%&'()-
+"10%&'()- )#10%&'()- s'#10%&'()- F%"10%&'()- #G 10%&'()- 06bC
10/f"10%(&'()- L10%(&'()- 10 10 104"10%&'()- 2"10%&'()-`0"10%&'()-6~$>dEbC
10/"10%(&'()- "10%(&'()- 



S  10%(&'()-#10%(&'()- , 10%(&'()-  `10%(&'()- >BdEbC 10/,#"10%(&'()-
"10%(&'()- "10%(&'()- #10%(&'()-@"10%(&'()-#10%(&'()- J1dEbC 10/s010%(&'()-
3."10%(&'()- ,#10%(&'()- )- 10%(&'()- '10%(&'()- l%#10%(&'()-4567:bC 10/
"10%<&'()- S, 10%<&'()- L10%<&'()- 10( 10( 10(410%(&'()- 2- 10%(&'()-
>DdEbC 10/"10%<&'()- "10%<&'()-"10%<&'()- S"10%<&'()- "10%<&'()- 10%<&'()-
H:dEbC 10/F% 10%<&'()- #10%<&'()-  #10%<&'()- "10%<&'()-l"10%<&'()-
@"10%<&'()-3R*dEbC 10/2, 10%<&'()- `010%<&'()-  .
10%<&'()-,10%<&'()-)"10%<&'()- '"10%<&'()- *}~sbC 10/ "10%<&'()-f10%<&'()-
L10%<&'()-t10%<&'()-M 10< 10< 10<4#10%<&'()-s(jdEbC 10/  10%<&'()-
10%<&'()- "10%<&'()-@"10%<&'()-"10%<&'()-"10%<&'()- j2~dEbC 10/3.,
10%<&'()- ,10%<&'()- 



), 10%<&'()- '10%<&'()- Y%"10%<&'()- ,#"10%<&'()- k>bC 10/S"10% U&'()- L10%
U&'()- 10< 10< 10<4"10%<&'()- 2 10%<&'()-s0"10%<&'()- >:LdEbC 10/"10%
U&'()-"10% U&'()-S"10% U&'()- "10% U&'()- "10% U&'()-  "10% U&'()- L2dEbC
10/#10% U&'()-  "10% U&'()- "10% U&'()- l- 10% U&'()- ,10% U&'()- "10%
U&'()- F+dEbC 10/`0"10% U&'()- ."10% U&'()-+"10% U&'()- )- 10% U&'()- '10%
U&'()- 



F%- 10% U&'()- 4bC 10/ 10%B&'()-@"10%B&'()- 910%B&'()- 10 U 10 U 10 U4"10%
U&'()-2"10% U&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heading 93]c"A "Default Paragraph Font%+026;AABGL5RtX^dk rx0J71NJ"{8Q~
&=-3L:AH NT][ahfnt~{oM&I6
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfh]"i-6v=$EM6V`is-}IQ9KW$.!8BLV`xjtp6:567
89:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abc]4!X"5$%(*+-.02456)89]:;
<>?@BCDFzH&JKLKNOQmRS9UVYt[\^`aceg"hikmnqsctu{wyy5{|_~~0IN-4DdGLcQoK0)>5wEI
19=SAH4"bUw9T9+I  CvGlW"2$%')*n,.=013|568:I<=W?dAVCDFIKLN
PfQ(S2UV2X9Z\^C_acdof_h+jklnfqrtvwy|~~sGBGB@rqIi*6*sj>Ldefghijklmnopqrstuvw
xyz{|}~   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmn6Times New
RomanArialCourier New"h Root EntryWordDocument:
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuv 


