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111a/

(57) Abstract: An imaging lens (10) is formed from a first group lens (11) having negative power, a
second group lens (12) having positive power, a third group lens (13) having negative power, and a
fourth group lens (14) having positive power, disposed in order from the subject side to the image
side. Letting f be the focal distance for the entire lens system and ff2 the focal distance for the
second group lens (12), 1.0 < ff2/f < 2.0 is satisfied; therefore, the entire length of the lens system
can be kept short and image curvature can be suppressed. In addition, each of the subject side lens
surfaces and the image side lens surfaces for the second group lens (12), third group lens (13), and
fourth group lens (14) are provided with aspherical surface shapes; therefore, the imaging lens (10)
is constituted to be bright.

[TN: Original document includes Japanese-language abstract, which is duplicative of the above
English-language abstract]
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1

Specification
Title of the Invention: Wide-angle lens and imaging device

Technical Field
[0001]

The present invention relates to a compact, high resolution,
wide—-angle lens composed of four to six lenses.
Background Art
[0002]

Patent document 1 discloses a wide-angle lens mounted on, for
example, a vehicle camera or a monitoring camera. The wide-angle lens
of document 1 is formed from a first lens having negative power, a
second lens having positive power, a third lens having negative power,
and a fourth lens having positive power, arranged in order from the
object side to the image side. The wide-angle lens of document 1 has a
diagonal viewing angle of about 65°.

Prior Art Documents
Patent Documents
[0003]

Patent document 1: JP 2009-14947 A
Summary of the Invention
Problem to be Solved by the Invention
[0004]

For a wide-angle lens mounted in an imaging device, such as
an on-vehicle camera or monitoring camera, there is a demand for
compactness, and for higher resolution in conjunction with an
increase in the number of pixels of imaging elements incorporated
into such imaging devices. It then becomes necessary to suppress,
more than up to now, aberration such as curvature of field, in
order to improve the resolution of a wide-angled lens.

[0005]
In light of such matters, the problem addressed by the
present invention is to provide a compact and higher resolution
wide-angle lens, and to provide an imaging device incorporating
such a wide-angle lens.
Means for Solving the Problem
[0006]
In order to solve the above-mentioned problem, a wide-angle lens
of the present invention is characterized by:
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2

comprising a first group lens having negative power, a second
group lens having positive power, a third group lens having negative
power, and a fourth group lens having positive power arranged in order
from an object side toward an image side;

the first group lens comprising one lens having negative power or
two lenses both having negative power;

the second group lens comprising one lens having positive power
or two lenses both having positive power;

the third group lens comprising one lens having negative power;

the fourth group lens comprising one lens having positive power;

the lens constituting the first group lens being provided with a
concave shape for the image-side lens surface;

the lens, in the second group lens, disposed adjacent to the
third group lens being provided with a convex shape for the image-side
lens surface;

the third group lens being provided with a concave shape for the
object-side lens surface;

at least one lens among the lenses constituting the second group
lens, the third group lens, and the fourth group lens being made to
have an aspherical shape for at least one lens surface among the
object-side lens surface and the image-side lens surface; and

the following conditional expression (1) being satisfied when f
is the focal distance of the entire lens system, and ff2 is the focal
distance of the second group lens:

1.0 £ ff2/f £2.0 (1) .
[0007]

Because the wide-angle lens of the present invention satisfies
the conditional expression (1), the total length of the lens system
can be kept short, and curvature of field can be suppressed. In
addition, providing the lenses constituting the second group lens, the
third group lens, and the fourth group lens with an aspherical shape
makes it easy to increase the numerical aperture. If the upper limit
of the conditional expression (1) is exceeded, curvature of field
increases on the positive side and becomes difficult to correct. Below
the lower limit of the conditional expression (1), curvature of field
increases on the negative side and becomes difficult to correct. In
addition, if the upper limit of the conditional expression (1) is
exceeded, the positive power of the second group lens becomes
relatively weaker, making it difficult to keep the total length of the
lens system short. Note that “wide-angle lens” refers to an imaging
lens with a diagonal angle of view of 60° or greater.

[0008]

In the present invention, when ff3 is the focal distance of the

third group lens,
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3
the following conditional expression (2) is preferably satisfied:
-2.0 £ ff2/f£f3 £-1.0 (2)

[0009]

The upper limit of the conditional expression (2) is for
suppressing chromatic aberration. If the upper limit of the conditional
expression (2) 1s exceeded, the negative power of the third group lens
provided with a concave shape becomes too weak compared to the positive
power of the second group lens provided with a convex shape, so chromatic
aberration increases and becomes difficult to correct. Therefore, the
upper limit is set to —-1.0 or less to suppress chromatic aberration. The
lower limit of the conditional expression (2) is for suppressing
curvature of field and for keeping the total length of the lens system
short. Below the lower limit of the conditional expression (2), the
negative power of the third group lens provided with a concave shape
becomes too strong compared to the positive power of the second group
lens provided with a convex shape, leading to an increase in curvature of
field. Therefore, the lower limit is set to -2.0 or greater to suppress
curvature of field. In addition, below the lower limit of the conditional
expression (2), the positive power of the second group lens becomes weak
compared to the negative power of the third group lens, making it
difficult to keep the total length of the lens system short. A balance
between chromatic aberration and curvature of field can be achieved by
setting the range of the conditional expression (2) to -1.9 to -1.3.
[0010]

In the present invention, when ff4 is the focal distance of the
fourth group lens, the following conditional expression (3) is
preferably satisfied:

0.5 £ £ff4/£f< 2.0 (3)
[0011]

The conditional expression (3) is for suppressing curvature of
field. In other words, if the upper limit of the conditional
expression (3) is exceeded, curvature of field increases on the
positive side and becomes difficult to correct. Below the lower limit
of the conditional expression (3), curvature of field increases on the
negative side and becomes difficult to correct. Therefore, this range
is set to 0.5 to 2.0 to better suppress curvature of field. An image
surface balance can be achieved by setting the range of the
conditional expression (3) to 0.7 to 1.7.

[0012]

To correct chromatic aberration well in the present invention,
the second group lens preferably comprises a lens having an Abbe
number of 40 or greater, and the third group lens preferably comprises
a lens having an Abbe number of 35 or less.

[0013]
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A configuration having a diagonal angle of view of 100° or
greater may be employed in the present invention.
4

In other words, curvature of field can be suppressed even with a wide-
angle lens having such a large angle of view.
[0014]

Next, an imaging device of the present invention is
characterized by including the above-mentioned wide-angle lens, and an
imaging element disposed at a focal position of the wide-angle lens.
[0015]

With the present invention, the wide-angle lens has high
resolution, so a high-resolution imaging device can be achieved by
using an imaging element with a large pixel number as an imaging
element. In addition, the total length of the wide-angle lens can be
shortened, so the imaging device can be made compact.

Effect of the Invention
[0016]

With a wide-angle lens of the present invention, the total
length of the lens system can be kept short, and curvature of field
can be suppressed. In addition, it is easy to increase the numerical
aperture.

Brief Description of the Drawings

[0017]

FIG. 1 is a block diagram of an imaging lens of Embodiment 1 with the
present invention applied thereto.

FIG. 2A is an axial chromatic aberration diagram of the imaging lens
of FIG. 1.

FIG. 2B is a lateral aberration diagram of the imaging lens of FIG. 1.
FIG. 2C is a curvature of field diagram of the imaging lens of FIG. 1.
FIG. 2D is a distortion aberration diagram of the imaging lens of FIG. 1.
FIG. 3 is a block diagram of an imaging lens of Embodiment 2 with the
present invention applied thereto.

FIG. 4A is an axial chromatic aberration diagram of the imaging lens
of FIG. 3.

FIG. 4B is a lateral aberration diagram of the imaging lens of FIG. 3.
FIG. 4C is a curvature of field diagram of the imaging lens of FIG. 3.
FIG. 4D is a distortion aberration diagram of the imaging lens of FIG. 3.
FIG. 5 is a block diagram of an imaging lens of Embodiment 3 with the
present invention applied thereto.

FIG. 6A is an axial chromatic aberration diagram of the imaging lens
of FIG. 5.

FIG. 6B is a lateral aberration diagram of the imaging lens of FIG. 5.
FIG. 6C is a curvature of field diagram of the imaging lens of FIG. 5.
FIG. 6D is a distortion aberration diagram of the imaging lens of FIG. 5.
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FIG. 7 is a block diagram of an imaging lens of Embodiment 4 with the
present invention applied thereto.
FIG. 8A is an axial chromatic aberration diagram of the imaging lens
of FIG. 7.
FIG. 8B is a lateral aberration diagram of the imaging lens of FIG. 7.
FIG. 8C is a curvature of field diagram of the imaging lens of FIG. 7.
FIG. 8D is a distortion aberration diagram of the imaging lens of FIG. 7.
FIG. 9 is a block diagram of an imaging lens of Embodiment 3 with the
present invention applied thereto.
FIG. 10A is an axial chromatic aberration diagram of the imaging lens
of FIG. 9.
FIG. 10B is a lateral aberration diagram of the imaging lens of FIG.
9.
FIG. 10C is a curvature of field diagram of the imaging lens of FIG.
9.
FIG. 10D is a distortion aberration diagram of the imaging lens of FIG.
9.
FIG. 11 is a diagram illustrating an imaging device incorporating an
imaging lens.
Mode for Implementing the Invention
[0018]

An imaging lens to which the present invention has been applied
will be described hereinafter with reference to the drawings.
[0019] Embodiment 1

FIG. 1 is a block diagram of the imaging lens of Embodiment 1.

As shown in FIG. 1, an imaging lens 10 comprises a first group lens 11
having negative power, a second group lens 12 having positive power, a
third group lens 13 having negative power, and a fourth group lens 14
having positive power, arranged in order from the object side toward
the image side. The imaging lens 10 of the present embodiment is
composed of four lenses, with a first group lens 11 comprising one
first lens 111, a second group lens 12 comprising one second lens 121,
a third group lens 13 comprising one third lens 131, and a fourth
group lens 14 comprising one fourth lens 141. A diaphragm 17 is
disposed between the first group lens 11 and the second group lens 12,
in other words, between the first lens 111 and the second lens 121. A
cover glass 18 is disposed on the image side of the fourth lens 141.
An image forming surface 19 is positioned with a gap between the image
forming surface 19 and the cover glass 18.
[0020]

The first lens 111 is provided with a planar shape for the
object-side lens surface 1lla, and with a concave shape for the image-
side lens surface 111b.
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6
The second lens 121 is provided with a convex shape for both the
object-side lens surface 12la and the image-side lens surface 121Db.
The third lens 131 is provided with a concave shape for the object-
side lens surface 13la, and a convex shape for the image-side lens
surface 131b. The fourth lens 141 is provided with a convex shape for
both the object-side lens surface 14la and the image-side lens surface
141b.
[0021]

Where Fno. is the numerical aperture of the imaging lens 10, ®
is the half viewing angle, and L is the total length of the lens
system, these values are as follows:

Fno.=2

w=57.5"°

L=12.303 mm
[0022]

In addition, where f is the focal distance of the entire lens
system, ffl is the focal distance of the first group lens 11 (the
first lens 111), ff2 is the focal distance of the second group lens 12
(the second lens 121), ff3 is the focal distance of the third group
lens 13 (the third lens 131), and ff4 is the focal distance of the
fourth group lens 14 (the fourth lens 141), these values are as

follows:
£=1.9748
ff1=-7.394
f£2=2.019
f£3=-1.089
ff4=1.545
[0023]
The imaging lens 10 of the present embodiment satisfies the
following conditional expressions (1)-(3):
1.0 £ ff2/f £2.0 (1)
-2.0 £ ff2/ff3 £-1.0 (2)
0.5 £ ff4/f <£2.0 (3)
[0024]

In other words, ff2/f=1.02, ff2/f£f3=-1.85, and ff4/f=0.78.
[0025]

The imaging lens 10 of the present embodiment satisfies the
conditional expression (1), so the total length of the lens system can
be kept short, and curvature of field can be suppressed.
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In other words, if the upper limit of the conditional expression (1)
is exceeded, curvature of field increases on the positive side and
becomes difficult to correct. Below the lower limit of the conditional
expression (1), curvature of field increases on the negative side and
becomes difficult to correct. In addition, if the upper limit of the
conditional expression (1) is exceeded, the positive power of the
second group lens 12 becomes relatively weaker, making it difficult to
keep the total length of the lens system short.

[0026]

In addition, the imaging lens 10 satisfies the conditional
expression (2), so the total length of the lens system can be kept
short, and curvature of field can be suppressed, while suppressing
chromatic aberration. In other words, if the upper limit of the
conditional expression (2) is exceeded, the negative power of the third
group lens provided with a concave shape 131 becomes too weak compared
to the positive power of the second group lens provided with a convex
shape 12, so chromatic aberration increases and becomes difficult to
correct. Therefore, the upper limit is set to -1.0 or less to suppress
chromatic aberration. The lower limit of the conditional expression (2)
is for suppressing curvature of field and keeping the total length of
the lens system short. Below the lower limit of the conditional
expression (2), the negative power of the third group lens provided
with a concave shape 131 becomes too strong compared to the positive
power of the second group lens provided with a convex shape 12, leading
to an increase in curvature of field. Therefore, the lower limit is set
to -2.0 or greater to suppress curvature of field. Below the lower
limit of the conditional expression (2), the positive power of the
second group lens 12 becomes weak compared to the negative power of the
third group lens 13, making it difficult to keep the total length of
the lens system short. A balance between chromatic aberration and
curvature of field can be achieved by setting the range of the
conditional expression (2) to -1.9 to -1.3.

[0027]

Furthermore, the imaging lens 10 satisfies the conditional
expression (3), so curvature of field can be better suppressed. In
other words, if the upper limit of the conditional expression (3) 1is
exceeded, curvature of field increases on the positive side and
becomes difficult to correct. Below the lower limit of the conditional
expression (3), curvature of field increases on the negative side and
becomes difficult to correct. Therefore, this range is set to 0.5 to
2.0 to better suppress curvature of field. A balance of the image
surface can be achieved by setting the range of the conditional
expression (3) to 0.7 to 1.7.
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[0028]

In addition, the following conditional expressions (4) and (5)
are satisfied in the present embodiment, where vd2 is the Abbe number
of the second group lens 12 (the second lens 121) and vd3 is the Abbe
number of the third group lens 13 (the third lens 131):

vd2 = 40 (4)
vd3 < 35 (5)
[0029]

In the present embodiment, vd2=52 and vd3=23.4. As a result,
chromatic aberration can be corrected well with the imaging lens 10
because the second lens 121, which is made of a low-dispersion
material, is arranged adjacent to the third lens 131, which is made of
a high-dispersion material.

[0030]

Next, Table 1A shows lens data of the lens surfaces of the
imaging lens 10. Table 1A specifies the lens surfaces in order
counting from the object side. Lens surfaces marked with an asterisk
are aspherical surfaces. In the present embodiment, the object-side
lens surfaces 12la, 13la and 1l4la, and the image-side lens surfaces
121b, 131b and 141b of each of the second lens 121 (the second group
lens 12), the third lens 131 (the third group lens 13), and the fourth
lens 141 (the fourth group lens 14) are provided with an aspherical
shape. S indicates the diaphragm 17. The 9th and 10th surfaces are
glass surfaces of the cover glass 18. The units for the radius of
curvature and the spacing are millimeters.

[0031] Table 1A

Surface No. Curyature Spacing Nd (refractive | vd (Abbe
Radius index) number)

1st surface Infinity 1.000 1.15168 64.2

2nd surface 3.835 4.726

3rd surface S Infinity -0.036

4th surface * 2.106 1.279 1.5346 56.0

5th surface * -1.760 0.513

o6th surface * -0.633 0.431 1.6319 23.4

7th surface * -8.915 0.057

8th surface * 0.949 1.108 1.5340 56.0

9th surface * -3.890 0.631

10th surface Infinity 0.300 1.5168 64.2

11th surface Infinity 0.872

[0032]

Next, Table 1B shows aspherical coefficients for defining the
aspherical shape of a lens surface made to be aspherical. Table 1B
also specifies the lens surfaces in order counting from the object
side.
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Table 1B

4t Surface 5th Surface 6" Surface 7t Surface 8th Surface 9th Surface
K -27.28282 1.00817 -2.355196 50.90771 -11.43756 -4.732964
A4 2.89094E-01 -4 .91304E-02 |-2.41659E-01|-5.11864E-01|8.08884E-03 |9.15869E-02
Ab -6.15595E-01 [5.14099E-02 3.16267E-01 |1.43965E+00 |4.3844E-02 -6.14929E-02
A8 7.23663E-01 -6.30732E-02 |1.31348E-01 |[-2.05869E+00|-5.83106E-02[3.51186E-02
Al10 [-4.60752E-01 [2.37616E-02 -8.28993E-01(1.78101E+00 [3.22554E-02 |-1.26469E-02
Al12 [0.00000E+00 0.00000E+00 8.33710E-01 |-8.46702E-01|-7.77033E-03|1.74905E-03
Al4 [0.00000E+00 0.00000E+00 -2.59305E-01(1.71228E-01 |[-1.21963E-04({2.83005E-05
Aloe [0.00000E+00 0.00000E+00 0.00000E+00 |0.00000E+00 |2.25513E-04 |-2.22343E-05
[0033]

expressed by the following formula,

Note that the aspherical shape used for a lens surface is

inverse of the

height, and A4
order, Al0 the tenth-order,
order, and Al6
[0034] Numerical formula 1

. ch’

Yih) —

L+ y1- (K +)c™h’
[0035] (Effect)
FIG.

aberration diagram,
aberration diagram of the imaging lens 10.

curvature radius,
is the fourth-order,

aberration diagram of FIG.

2B,

and the vertical axis shows the aberration amount.

where Y is the sag,

2A-2D are an axial chromatic aberration diagram,
a curvature of field diagram,

c is

the

K is the conic constant, h is the ray
A6 the sixth-order,
Al2 the twelfth-order,

A8 the eighth-

Al4 the fourteenth-
the sixteenth-order aspherical coefficient;

AR A A AR AR AN+ AR AR

a lateral

and a distortion

The axial chromatic
2A shows focal shift,
axis showing the wavelength.

with the vertical

In the lateral aberration diagram of FIG.

FIG.

the horizontal axis shows the coordinates of the entrance pupil,
2B shows the

results of a simulation carried out for a plurality of rays of

different wavelengths.

In the curvature of field diagram of FIG.

2C,

the horizontal axis shows the distance in the optical axis direction,

and the vertical axis shows the height of the image.
indicates the curvature of field aberration in the sagittal plane,

In FIG.

2C, S
and

T indicates the curvature of field aberration in the tangential plane.

In the distortion aberration diagram of FIG.
shows the image strain,
image. As shown in FIG.

shown in FIGS.

Therefore,

[0036]

24,
well with the imaging lens 10 of the present embodiment.
as shown in FIG.

2D, the horizontal axis
and the vertical axis shows the height of the

axial chromatic aberration is corrected

In addition,

2B, color bleeding is suppressed. Furthermore, as
2C and 2D, curvature of field is corrected well.
the imaging lens 10 has high resolution.
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In the present embodiment, the object-side lens surfaces 121a,
131a and 141la, and the image-side lens surfaces 121b, 131b and 141b of
the second lens 121 (the second group lens 12), the third lens 131
(the third group lens 13), and the fourth lens 141 (the fourth group
lens 14) are provided with aspherical shapes, so the imaging lens 10
takes on a bright configuration. Furthermore, in the present
embodiment, the total length Lof the lens system can be suppressed to
a short 12.303 mm.

[0037] Embodiment 2

FIG. 3 is a block diagram of the imaging lens 20 of Embodiment 2.
As shown in FIG. 3, the imaging lens 20 comprises a first group lens
21 having negative power, a second group lens 22 having positive
power, a third group lens 23 having negative power, and a fourth group
lens 24 having positive power, arranged in order from the object side
toward the image side. The imaging lens 20 of the present embodiment
is composed of five lenses, with a first group lens 21 comprising one
first lens 211, a second group lens 22 comprising two lenses, namely a
second lens 221 and a third lens 222, a third group lens 23 comprising
one fourth lens 231, and a fourth group lens 24 comprising one fifth
lens 241. A diaphragm 27 is disposed between the second lens 221 and
third lens 222 in the second group lens 22. A cover glass 28 is
disposed on the image side of the fifth lens 241. An image forming
surface 29 is positioned with a gap between the image forming surface
29 and the cover glass 28.

[0038]

The first lens 211 is provided with a planar shape for the
object-side lens surface 21la, and with a concave shape for the image-
side lens surface 211b. The second lens 221 is provided with a convex
shape for both the object-side lens surface 22la and the image-side
lens surface 221b. The third lens 231 is provided with a concave shape
for the object-side lens surface 23la, and a convex shape for the
image-side lens surface 231b. The fourth lens 241 is provided with a
convex shape for both the object-side lens surface 24la and the image-
side lens surface 241b.

[0039]

Where Fno. is the numerical aperture of the imaging lens 20, ®
is the half viewing angle, and L is the total length of the lens
system, these values are as follows:
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Fno.=2
©=69.0°
L=12.300 mm

[0040]
In addition, where f is the focal distance of the entire lens

system, ffl is the focal distance of the first group lens 21 (the
first lens 221), ff2 is the focal distance of the second group lens 22
(the second lens 221 and the third lens 222), ff3 is the focal
distance of the third group lens 23 (the fourth lens 231), and ff4 is
the focal distance of the fourth group lens 24 (the fifth lens 241),
these values are as follows:

£=1.9055

f£f1=-3.430

££2=2.059

ff3=-1.481

ff4=2.451

[0041]
Note that if ff21 is the focal distance of the second lens 221

constituting the second group lens 22, and ff22 is the focal distance
of the third lens 222, these values are as follows:

££21=4.080
£ff22=2.685
[0042]
The imaging lens 20 of the present embodiment satisfies the
following conditional expressions (1)-(3):
1.0 £ ff2/f = 1.08L2.0 (1)
-2.0 £ ff2/ff3 = -1.39 £ -1.0 (2)
0.5 £ ff4/f = 1.29L2.0 (3)
[0043]

In addition, the following conditional expressions (4) and (5)
are satisfied by the present embodiment, where vd2 is the Abbe number
of the third lens 222, which has the higher Abbe number of the second
lens 221 and the third lens 222 constituting the second group lens 22,
and vd3 is the Abbe number of the third group lens 23 (the fourth lens
231).

vd2 = 56 2 40 (4)
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vd3 = 23.4 £ 35 (5)
[0044]
Next, Table 2A shows lens data of each lens surface of the imaging
lens 20. Table 2A specifies the lens surfaces in order counting from the

object side. Lens surfaces marked with an asterisk are aspherical
surfaces. In the present embodiment, the object-side lens surfaces 222a,
231la and 24la, and the image-side lens surfaces 222b, 231b and 241b of
each of the third lens 222, the fourth lens 231 (the third group lens
23), and the fifth lens 241 (the fourth group lens 24)

an aspherical shape.

are provided with
The 12th and 13th
The units for the

S indicates the diaphragm 27.
surfaces are the glass surfaces of the cover glass 28.
radius of curvature and the spacing are millimeters.

[0045] Table 2A
Surface No. Curvature Spacing Nd (refractive | vd (Abbe
Radius index) number)
1sc surface Infinity 1.005 1.5891 61.3
2 surface 2.029 2.846
3= surface 7.134 1.804 1.6477 33.8
4= surface -3.822 0.042
5= surface S Infinity 0.058
6 surface * 44,135 1.471 1.5346 56.0
7= surface * -1.473 0.386
8= surface * -0.828 0.482 1.6323 23.4
9= surface * -8.142 0.100
10 surface * 3.144 1.423 1.5346 56.0
11= surface * -1.905 0.100
12= surface Infinity 0.300 1.5168 64.2
13= surface Infinity 2.207
[0046]
Next, Table 2B shows aspherical coefficients for defining the

Table 2B
also specifies the lens surfaces in order counting from the object
side.

aspherical shape of a lens surface made to be aspherical.

Table 2B

6" Surface 7% Surface 8th Surface 9th Surface |10*® Surface |11*" Surface
K -33.86235 -4.524449 -0.6534266 14.03202 2.128012 0
A4 -3.50474E-02 |-1.27565E-01 [3.64349E-01 |[3.25046E-02 |-2.54735E-01 (8.43204E-03
A6 9.71551E-03 7.82738E-02 -1.21525E-01 |8.10461E-02 |3.12620E-01 |1.06866E-02
A8 —-2.43483E-02 |-5.46723E-02 |-8.19386E-02 |-1.01145E-01|-3.04821E-01 [-1.15984E-02
A10 |7.63834E-04 1.26404E-02 1.54306E-01 |4.57183E-02 |[2.00014E-01 |7.74896E-03
Al12 |5.97866E-03 0.00000E+00 -8.41133E-02|-8.55866E-03|-8.51187E-02 [-2.07850E-03
Al4 |-8.87636E-03 [0.00000E+00 2.02896E-02 |4.42919E-04 |2.07222E-02 |1.16093E-04
Al16 |0.00000E+00 0.00000E+00 0.00000E+00 |0.0000Q0E+00 |[-2.15500E-03|3.42064E-05
[0047] (Effect)
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The imaging lens 20 of the present embodiment satisfies the
conditional expressions (1)-(3), so the total length of the lens
system can be kept short, and curvature of field and chromatic
aberration can be suppressed. In addition, chromatic aberration can be
corrected well in the present embodiment because the third lens 222,
which is made of a low-dispersion material, is arranged adjacent to
the fourth lens 231, which is made of a high-dispersion material.
[0048]

Furthermore, in the present embodiment, the object-side lens
surfaces 222a, 23la and 24la, and the image-side lens surfaces 222b,
231b and 241b of each of the third lens 222 of the second group lens
22, the fourth lens 231 (the third group lens 23), and the fifth lens
241 (the fourth group lens 24) are provided with an aspherical shape.
As a result, the numerical aperture Fno. becomes 2, and the imaging
lens 20 takes on a bright configuration. In addition, the total length
L of the lens system can also be suppressed to a short 12.300mm in the
present embodiment.

[0049]

FIGS. 4A-4D are an axial chromatic aberration diagram, a
lateral aberration diagram, a curvature of field diagram, and a
distortion aberration diagram of the imaging lens 20. As shown in FIG.
47, axial chromatic aberration is corrected well with the imaging lens
20 of the present embodiment. In addition, as shown in FIG. 4B, color
bleeding is suppressed. Furthermore, as shown in FIGS. 4C and 4D,
curvature of field is corrected well. Therefore, the imaging lens 20
has high resolution.

[0050] Embodiment 3

FIG. 5 is a block diagram of the imaging lens 30 of Embodiment
3. As shown in FIG. 5, the imaging lens 30 comprises a first group
lens 31 having negative power, a second group lens 32 having positive
power, a third group lens 33 having negative power, and a fourth group
lens 34 having positive power, arranged in order from the object side
toward the image side. The imaging lens 30 of the present embodiment
is composed of five lenses, with a first group lens 31 comprising one
first lens 311, a second group lens 32 comprising two lenses, namely a
second lens 321 and a third lens 322, a third group lens 33 comprising
one fourth lens 331, and a fourth group lens 34 comprising one fifth
lens 341. A diaphragm 37 is disposed between the second lens 321 and
the third lens 322 in the second group lens 32. A cover glass 38 1is
disposed on the image side of the fifth lens 341. An image forming
surface 39 is positioned with a gap between the image forming surface
39 and the cover glass 38.
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[0051]

The first lens 311 is provided with a planar shape for the
object-side lens surface 31la, and a concave shape for the image-side
lens surface 311b. The second lens 321 is provided with a convex shape
for both the object-side lens surface 32la and the image-side lens
surface side 321b. The third lens 322 is provided with a convex shape
for both the object-side lens surface 322a and the image-side lens
surface 322b. The fourth lens 331 is provided with a concave shape for
the object-side lens surface 33la, and a convex shape for
the image-side lens surface 331b. The fifth lens 341 is provided with
a convex shape for both the object-side lens surface 34la and the
image-side lens surface 341b.

[0052]

Where Fno. is the numerical aperture of the imaging lens 30, ®
is the half viewing angle, and L is the total length of the lens
system, these values are as follows:

Fno.=2

w=56.5"°

L=12.303mm
[0053]

In addition, where f is the focal distance of the entire lens
system, ffl is the focal distance of the first group lens 31 (the
first lens 311), ff2 is the focal distance of the second group lens 32
(the second lens 321 and the third lens 322), ff3 is the focal
distance of the third group lens 33 (the fourth lens 331), and ff4 is
the focal distance of the fourth group lens 34 (the fifth lens 341),
these values are as follows:

£f=1.986

ff1=-6.278

f£2=2.321

f£f3=-1.602

£f£4=2.206
[0054]

Note that, where ff21 is the focal distance of the second lens
321 constituting the second group lens 32, and ff22 is the focal
distance of the third lens 322, these values are as follows:

££21=5.442
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££22=2.766
[0055]
The imaging lens 30 of the present embodiment satisfies the
following conditional expressions (1)-(3).
1.0 £ ff2/f = 1.17L2 (1)
-2.0 < ff2/ff3 = -1.38 £ -1.0 (2)
0.5 < ff4/f = 1.11 £ 2.0 (3)
[0056]

In addition, the following conditional expressions (4) and (5)
are satisfied by the present embodiment, where vd2 is the Abbe number
of the third lens 322, which has the larger of Abbe number of the
second lens 321 and the third lens 322 constituting the second group
lens 32, and vd3 is the Abbe number of the third group lens 33 (the
fourth lens 331).

vd2 = 5
vd3 = 2

0 (4)
35 (5)

=V
IN

6
3.
[0057]

Next, Table 3A shows lens data of each lens surface of the
imaging lens 30. Table 3A specifies the lens surfaces in order
counting from the object side. Lens surfaces marked with an asterisk
are aspherical surfaces. In the present embodiment, the object-side
lens surfaces 322a, 33la and 34la, and the image-side lens surfaces
322b, 331b and 341b of each of the third lens 322, the fourth lens 331
(the third group lens 33), and the fifth lens 341 (the fourth group
lens 34) are provided with an aspherical shape. S indicates the
diaphragm 37. The 12th and 13th surfaces are the glass surfaces of the
cover glass 38. The units for the radius of curvature and the spacing
are millimeters.

[0058]
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Table 3A
Surface No. Curyature Spacing Nd (refractive | vd (Abbe
Radius index) number)
1st surface Infinity 1.410 1.5168 64.2
274 surface 3.256 4.207
3*d surface 4.348 1.429 1.6200 36.4
4" surface -13.567 0.100
5" surface S Infinity 0.101
6" surface * 4.090 1.119 1.5346 56.0
7th surface * -2.109 0.386
8th surface * -0.633 0.484 1.6323 23.4
9tk surface * -2.152 0.087
10 surface * 1.414 1.056 1.5346 56.0
11" surface * -5.405 0.100
12t surface Infinity 0.300 1.5168 64.2
13 surface Infinity 1.406
Next, Table 3B shows aspherical coefficients for defining the

Ta

ble 3B

also specifies the lens surfaces in order counting from the object

side.
Table 3B

6" Surface 7th Surface 8th Surface 9th Surface 10" Surface |11t" Surface
K -76.1177 -31.1790 -1.2321 1.8229 -24.0941 0.0000
Al 8.93944E-02 -4 .55920E-01 |7.10750E-02 |-3.45248E-01|1.64176E-02 |[3.16849E-03
A6 -1.76226E-01 |4.64097E-01 2.58089E-01 [1.41096E+00 [3.65178E-02 [1.37311E-02
A8 1.06904E-01 -3.27719E-01 |9.32169E-02 |[-2.00748E+00 |-5.64218E-02 (-4.94053E-03
Al0 |[-6.20285E-02 |9.82264E-02 -7.27773E-011(1.71460E+00 |[2.60727E-02 |[-3.06896E-03
Al2 |0.00000E+00 0.00000E+00 6.90419E-01 |-8.10550E-01|-2.38309E-03|1.71232E-03
Al4 |0.00000E+00 0.00000E+00 -2.01703E-01(1.64603E-01 |[-1.58029E-03 |(-1.83080E-04
Al6 |0.00000E+00 0.00000E+00 0.00000E+00 |0.00000E+00 |3.25406E-04 |-2.12665E-05
[0060] (Effect)

conditional expressions

corrected well by the present embodiment because the
which is made from a low-dispersion material,
the fourth lens 331,

The imaging lens 30 of the present embodiment satisfies the

[0061]

Furthermore,

surfaces 322a,
331b and 341b of each of the third lens 322 of the second group lens

32,
341

the fourth lens 331
(the fourth group lens 34)

(1)=(3),
system can be kept short,
aberration can be suppressed.

in the present embodiment,
331la and 341a,

so the total length
and curvature of field and
In addition,

(the third group lens 33),

chromatic

of the
chromat
aberrat
third 1

and the £

lens

ic

ion can be
ens 322,

is arranged adjacent to
which is made from a high-dispersion material.

the object-side lens
and the image-side lens surfaces 322b,

ifth lens

are provided with an aspherical shape.
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As a result, the numerical aperture Fno. becomes 2, and the imaging
lens 30 takes on a bright configuration. In addition, the total length
L of the lens system can be suppressed to a short 12.303mm in the
present embodiment.

[0062]

FIG. 6A-6D are an axial chromatic aberration diagram, a lateral
aberration diagram, a curvature of field diagram, and a distortion
aberration diagram of the imaging lens 30. As shown in FIG. 6A, axial
chromatic is corrected well by the imaging lens 30 of the present
embodiment. In addition, as shown in FIG. 6B, color bleeding is
suppressed. Furthermore, as shown in FIGS. 6C and 6D, curvature of
field is corrected well. Therefore, the imaging lens 30 has high
resolution.

[0063] Embodiment 4

FIG. 7 is a block diagram of the imaging lens 40 of Embodiment
4. As shown in FIG. 7, the imaging lens 40 comprises a first group
lens 41 having negative power, a second group lens 42 having positive
power, a third group lens 43 having negative power, and a fourth group
lens 44 having positive power, arranged in order from the object side
toward the image side. The imaging lens 40 of the present embodiment
is composed of five lenses, with a first group lens 41 comprising two
lenses, namely a first lens 411 and a second lens 412, a second group
lens 42 comprising one third lens 421, a third group lens 43
comprising one fourth lens 431, and a fourth group lens 44 comprising
one fifth lens 441. A diaphragm 47 is disposed between the first group
lens 41 and the second group lens 42, that is, between the second lens
412 and the third lens 421. A cover glass 48 is disposed on the image
side of the fifth lens 441. An image forming surface 49 is positioned
with a gap between the image forming surface 49 and the cover glass
48.

[0064]

The first lens 411 is provided with a convex shape for the
object-side lens surface 41la, and a concave shape for the image-side
lens surface 411b. The second lens 412 is provided with a convex shape
for the object-side lens surface 412a, and a concave shape for the
image-side lens surface 412b. The third lens 421 is provided with a
convex shape for both the object-side lens surface 42la and the image-
side lens surface 421b. The fourth lens 431 is provided with a concave
shape for the object-side lens surface 43la, and a convex shape for
the image-side lens surface 431b. The fifth lens 441 is provided with
a convex shape for both the object-side lens surface 44la and the
image-side lens surface 441lb.
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[0065]
Where Fno. is the numerical aperture of the imaging lens 40, o is

the half viewing angle, and L is the total length of the lens system,
these values are as follows:

Fno.=2.4

w=95°

L=11.16 mm

[0066]
In addition, where f is the focal distance of the entire lens

system, ffl is the focal distance of the first group lens 41 (the
first lens 411 and the second lens 412), ff2 is the focal distance of
the second group lens 42 (the third lens 421), ff3 is the focal
distance of the third group lens 43 (the fourth lens 431), and ff4 is
the focal distance of the fourth group lens 44 (the fifth lens 441),
these values are as follows:

f=1.376

ff1=-4.394

f£f2=1.754

ff3=-1.114

ffd=1.446

[0067]
Note that, where ffll is the focal distance of the first lens

411 constituting the first group lens 41, and ffl2 is the focal
distance of the second lens 412, these values are as follows:
ff11=-11.304
£f£f12=-8.279

[0068]
The imaging lens 40 of the present embodiment satisfies the
following conditional expressions (1)-(3).
1.0 £ ff2/f = 1.27 £ 2.0 (1)
-2.0 < ff2/ff3 = -1.57 £ -1.0 (2)
0.5 £ ff4/f = 1.05 £ 2.0 (3)
[0069]

In addition, the following conditional expressions (4) and (5)
are satisfied by the present embodiment, where vd2 is the Abbe number
of the second group lens 42 (the third lens 421), and vd3 is the Abbe
number of the third group lens 43 (the fourth lens 431).
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[0070]

Next, Table 4A shows lens data of each lens surface of the
imaging lens 40. Table 4A specifies the lens surfaces in order
counting from the object side. Lens surfaces marked with an asterisk
are aspherical surfaces. In the present embodiment, the object-side
lens surfaces 412a, 42la, 43la and 441la, and the image-side lens
surfaces 412b, 421b, 431b and 441b of each of the second lens 412, the
third lens 421 (the third group lens 43), the fourth lens 431 (the
third group lens 43), and the fifth lens 441 (the fourth group lens
44) are provided with an aspherical shape. S indicates the diaphragm
47. The 12th and 13th surfaces are the glass surfaces of the cover
glass 48. The units for the radius of curvature and the spacing are
millimeters.

[0071] Table 4A

Surface No. Curvature Spacing Nd (refractive | vd (Abbe
Radius index) number)

1st surface 14.550 1.000 1.5168 64.2
2nd surface 4.081 1.400

3rd surface * 40.204 0.800 1.5346 56.0
4th surface * 3.975 3.514

5th surface S Infinity 0.076

6" surface * 1.848 0.957 1.5346 56.0
7th surface * -1.573 0.738

8th surface * -0.646 0.511 1.6319 23.4
9th surface * -9.274 0.096

10t" surface * 0.977 0.952 1.5346 56.0
11t surface * -2.496 0.631

12th surface Infinity 0.300 1.5168 64.2
13th surface Infinity 0.185

[0072]

Next, Table 4B shows aspherical coefficients for defining the
aspherical shape of a lens surface made to be aspherical. Table 4C
shows the aspherical coefficients of the lens surfaces of the third
lens 421, the fourth lens 431, and the fifth lens 441. Tables 4B and
4C specify the lens surfaces in order counting from the object side.
[0073]
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Table 4B

3*d Surface 4th surface
K 0.94197 0.0000
A4 -8.31314E-04 |-1.99687E-03
Ab 0.00000E+00 0.00000E+00
A8 -8.37785E-06 |2.20270E-04
A10 |0.00000E+00 0.00000E+00
Al2 |0.00000E+00 0.00000E+00
Al4 |0.00000E+00 0.00000E+00
Al6c |0.00000E+00 0.00000E+00
[0074] Table 4C

6" Surface 7t Surface 8th Surface 9th Surface 10" Surface |[11%" Surface
K -18.2384 0.9139 -2.7300 52.1381 -10.6356 -9.5943
Al 2.46187E-01 -3.32402E-02 |-2.41999E-01 |-5.04485E-01 |1.85174E-03 |[9.47311E-02
A6 -6.42345E-01 |5.25652E-02 2.78515E-01 [1.43769E+00 [4.44951E-02 |-6.16763E-02
A8 7.20341E-01 -9.67462E-02 [9.90897E-02 |-2.06043E+00 |-5.78888E-02 (3.49914E-02
Al10 |[-5.70160E-01 |-9.46137E-04 |-8.31946E-01|1.78188E+00 [3.23753E-02 |-1.26670E-02
Al12 |0.00000E+00 0.00000E+00 8.60049E-01 |-8.45602E-01|7.75381E-03 |[1.74547E-03
Al4 |0.00000E+00 0.00000E+00 -2.11841E-011(1.70771E-01 |[-1.28007E-04(2.67588E-05
Al6 |0.00000E+00 0.00000E+00 0.00000E+00 |0.00000E+00 |2.19284E-04 |-2.30456E-05
[0075] (Effect)

conditional expressions
system can be kept short,
aberration can be suppressed.
corrected well by the present embodiment because the
which is made from a low-dispersion material,
the fourth lens 431,

[007

surf
412b

The imaging lens 40 of the present embodiment satisfies the

6]

Furthermore,
421a,

aces 412a,
, 421b,

(1)=-(3),

in the present embodiment,
431a and 441a,

In addition,

so the total length
and curvature of field and

chromatic

the

of the lens
chromatic
aberration can be
third lens 421,
is arranged adjacent to
which is made from a high-dispersion material.

the object-side lens
and the image-side lens surfaces
431b and 441b of each of the second lens 412,

third

lens 421
group lens 43),

(the third
44)
aperture

(the second group lens 42), the fourth lens 431
and the fifth lens 441
As a result,

(the fourth group lens are

provided with an aspherical shape. the numerical

and the imaging lens 40 takes on a bright

configuration. the total length L of the lens system can

be suppressed to a short 1l.l16mm in the present embodiment.

[0077]
FIGS.

aberration diagram,

aberration diagram of the imaging lens 40. As shown in FIG.

Fno. becomes 2.4,

In addition,

8A-8D are an axial chromatic aberration diagram, a lateral
and a distortion

84,
chromatic is corrected well by the imaging lens 40 of the present
8B, color bleeding is

8C and 8D,

a curvature of field diagram,
axial
as shown in FIG.

embodiment. In addition,

suppressed. Furthermore, as shown in FIGS. curvature of
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field is corrected well. Therefore, the
resolution.

[0078] Embodiment 5

FIG. 9 is a block diagram of the
5. As shown in FIG. 9,
lens 51 having negative power,

the imaging lens
a second
power,
lens 54 having positive power, arranged
toward the image side. The imaging lens
is composed of six lenses, with:
lenses,
lens 52 comprising two lenses,

lens 522;

namely a

a third group lens 53 having negative power,

a third group lens 53 comprising one fifth lens 531;

PCT/JP2013/001035

imaging lens 40 has high

imaging lens 50 of Embodiment
50 comprises a first group
group lens 52 having positive
and a fourth group
in order from the object side
50 of the present embodiment

a first group lens 51 comprising two
namely a first lens 511 and a second lens 512;

a second group
third lens 521 and a fourth
and a

fourth group lens 54 comprising one sixth lens 541. A diaphragm 57 is

disposed between the third lens 521 and

the fourth lens 522, which

constitute the second group lens 52. A cover glass 58 is disposed on

the image side of the sixth lens 541. An image forming surface 59 is

positioned with a gap between the image
cover glass 58.
[0079]

forming surface 59 and the

The first lens 511 is provided with a convex shape for the

object-side lens surface 511a,
lens surface 511b.

and a concave shape for the image-side
The second lens 512 is provided with a concave

shape for both the object-side lens surface 512a and the image-side

lens surface 512b.

The third lens 521 is provided with a convex shape

for both the object-side lens surface 52la and the image-side lens

surface 521b. The fourth lens 522 is provided with a convex shape for

both the object-side lens surface 522a and the image-side lens surface

522b. The fifth lens 531 is provided with a concave shape for the

object-side lens surface 531a,
lens surface 531b.

and a convex shape for the image-side
The sixth lens 541 is provided with a convex shape

for both the object-side lens surface 54la and the image-side lens

surface 541b.
[0080]

Where Fno.
and L 1is the
system, these values are as follows:

Fno.=2.2

w=72.8°

is the half viewing angle,

is the numerical aperture of the imaging lens 50, o

total length of the lens
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L=15.57 mm
[0081]

In addition, where f is the focal distance of the entire lens
system, ffl is the focal distance of the first group lens 51 (the
first lens 511 and the second lens 512), ff2 is the focal distance of
the second group lens 52 (the third lens 521 and the fourth lens 522),
ff3 is the focal distance of the third group lens 53 (the fifth lens
531), and ff4 is the focal distance of the fourth group lens 54 (the
sixth lens 541), these values are as follows:

f=1.356

f£f1=-3.279

££2=2.459

ff3=-1.602

f£f4=2.183
[0082]

Note that, where ffll is the focal distance of the first lens
511 constituting the first group lens 51, f£f12 is the focal distance
of the second lens 512, ff21 is the focal distance of the third lens
521 constituting the second group lens 52, and ff22 is the focal
distance of the fourth lens 522, these values are as follows:

ff11=-14.13
f£f12=-4.958
£f£21=3.649
££22=2.793
[0083]
The imaging lens 50 of the present embodiment satisfies the
following conditional expressions (1)-(3).
1.0 < ff2/f = 1.81 £ 2.0 (1)
-2.0 £ ff2/ff3 = -1.53 £ -1.0 (2)
0.5 < ff4/f = 1.61 £ 2.0 (3)
[0084]

In addition, the following conditional expressions (4) and (5)
are satisfied by the present embodiment, where vd2 is the Abbe number
of the fourth lens 522, which has the highest Abbe number in the
second group lens 52 (the third lens 521 and the fourth lens 522), and
vd3 is the Abbe number of the third group lens 53 (the fifth lens
531) .
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[0085]

Next, Table 5A shows lens data of each lens surfaces of the
imaging lens 50. Table 5A specifies the lens surfaces in order
counting from the object side. Lens surfaces marked with an asterisk
are aspherical surfaces. In the present embodiment, the object-side
lens surfaces 512a, 522a, 53la, and 54la and the image-side lens
surfaces 512b, 522b, 531b, and 541b of each of the second lens 512,
the fourth lens 522 of the third group lens 53, the fifth lens 531
(the third group lens 53), and the sixth lens 541 (the fourth group
lens 54) have been provided with an aspherical shape. S indicates the
diaphragm 57. The 14th and 15th surfaces are the glass surfaces of the
cover glass 58. The units for the radius of curvature and the spacing
are millimeters.

[0086] Table 5A

Surface No. Curvature Spacing Nd (refractive | vd (Abbe
Radius index) number)

1st surface 20.108 1.000 1.5168 64.2

2r surface 5.280 1.916

3= surface * -40.323 1.000 1.5346 56.0

4= surface * 2.875 4.468

5= surface 2.566 2.755 1.6200 36.4

6™ surface -11.880 0.100

7 surface S Infinity 0.101

8w surface * 4.090 1.277 1.5346 56.0

9= surface * -2.109 0.198

10 surface * -0.633 0.484 1.6322 23.4
11= surface * -2.152 0.087

12= surface * 1.414 0.860 1.5346 56.0
13= surface * -5.405 0.100

1l4= surface Infinity 0.300

15+ surface Infinity 0.825

[0087]

Next, Table 5B shows the aspherical coefficients of the lens
surfaces of the second lens 512, and Table 5C shows the aspherical
coefficients of the lens surfaces of the fourth lens 522, the fifth
lens 531, and the sixth lens 541. Table 5B and Table 5C likewise
specify the lens surfaces in order counting from the object side.
[0088]
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Table 5B

3*d Surface 4th surface
K 0.0000 0.3272
Ad 1.22135E-03 -1.50493E-04
Ab 0.00000E+00 0.00000E+00
A8 0.00000E+00 0.00000E+00
A10 |0.00000E+00 0.00000E+00
Al2 |0.00000E+00 0.00000E+00
Al4 |0.00000E+00 0.00000E+00
Al6c |0.00000E+00 0.00000E+00
[0089] Table 5C

8th Surface 9th Surface 10" Surface |[11%" Surface [12%® Surface |13%" Surface
K -33.4283 -24.4263 -1.6077 1.8118 -20.8115 0.0000
Al 1.11999E-02 -4.94861E-01 [1.00494E-01 |[-2.59338E-01|-7.72364E-02 (-4.23518E-02
A6 -5.61040E-02 |5.72189E-01 2.21374E-01 [1.36070E+00 |[5.24617E-02 |[-3.40797E-03
A8 -1.66559E-02 |-2.99204E-01 [1.00065E-01 |-2.00144E+00(-6.43273E-02(1.89923E-04
Al10 |2.86662E-03 8.09019E-02 -6.90465E-01[1.71902E+00 |[2.62442E-02 |[-2.39820E-03
Al12 |0.00000E+00 0.00000E+00 7.22800E-01 |[-8.12671E-01|-6.30518E-04 |1.51250E-03
Al4 |0.00000E+00 0.00000E+00 -2.40809E-01(1.66304E-01 |-8.85557E-04 |-2.71444E-04
Al6 |0.00000E+00 0.00000E+00 0.00000E+00 |0.00000E+00 |1.81016E-04 |6.68224E-05
[0090] (Effect)

the conditional expressions
system can be kept short,
aberration can be suppressed.

Because the imaging lens 50 of the present embodiment satisfies

(1)=(3),

In addition,

the total length of the lens
and curvature of field and chromatic
chromatic aberration can

also be corrected well by the present embodiment because the fourth

lens

adjacent to the fifth lens 531,

mate
[009

surf
512b

522,

rial.
1]

Furthermore,
522a,

aces 512a,
, 522D,

in the present embodiment,
531a and 541a,
531b and 541b of each of the second lens 512,
the fifth lens 531

lens 522 of the second group lens 52,
and the sixth lens 541

grou

provided with an aspherical shape.
and the imaging lens 50 takes on a bright

Fno.
conf

[009

lateral aberration diagram,

p lens 53),

becomes 2.2,
In addition,

iguration.

2]
FIG.

As a result,

which is made from a low-dispersion material,
which is made from a high-dispersion

(the fourth group lens
the numerical

is arranged

the object-side lens

and the image-side lens surfaces
the
(the third

fourth

54)
aperture

are

the total length L of the lens system can
be suppressed to a short 15.57mm in the present embodiment.

a curvature of field diagram,

10A-10D are an axial chromatic aberration diagram,
and a

a

distortion aberration diagram of the imaging lens 50. As shown in FIG.
axial chromatic is corrected well by the imaging lens 50 of the

10A,

present embodiment.
is suppressed. Furthermore,

In addition,
as shown in FIGS.

as shown in FIG.

10B, color bleeding
10C and 10D, curvature
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of field is corrected well. Therefore, the imaging lens 50 has high
resolution.
[0093] (Imaging Device)

FIG. 11 is a diagram illustrating an imaging device 60
incorporating an imaging lens 10 of the present invention. As shown in
FIG. 11, the imaging device 60 is provided with an imaging element 61
having a sensor surface 6la arranged on an image formation surface 19
(the focal position) of the imaging lens 10. The imaging element 61 is
a CCD sensor or a cMOS sensor.

[0094]

With the present embodiment, the imaging lens 10 has high
resolution, so the imaging device 60 can be made high-resolution by
using an imaging element 61 with a large pixel number as the image
pick-up device 61. In addition, the total length L of the lens system
of the imaging lens 10 is short, so the imaging device 60 can be made
compact. The imaging lenses 20, 30, 40, and 50 can be incorporated
into the imaging device 60 in the same manner as the imaging lens 10,
and a similar effect can be obtained in this case as well.

Symbols
[0095]
10, 20, 30, 40, 50 Imaging lens embodiment

11, 21, 31, 41, 51 First group lens

12, 22, 32, 42, 52 Second group lens

13, 23, 33, 43, 53 Third group lens

14, 24, 34, 44, 54 Fourth group lens

17, 27, 37, 47, 57 Diaphragm

18, 28, 38, 48, 58 Cover glass

19, 29, 39, 49, 59 Image forming surface
60 Imaging device

61 Imaging element

6la Sensor surface
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Claims

[Claim 1] A wide-angle lens characterized by:

comprising a first group lens having negative power, a second
group lens having positive power, a third group lens having negative
power, and a fourth group lens having positive power arranged in order
from an object side toward an image side;

the first group lens comprising one lens having negative power or
two lenses both having negative power;

the second group lens comprising one lens having positive power
or two lenses both having positive power;

the third group lens comprising one lens having negative power;

the fourth group lens comprising one lens having positive power;

the lens constituting the first group lens being provided with a
concave shape for the image-side lens surface;

the lens, in the second group lens, disposed adjacent to the
third group lens being provided with a convex shape for the image-side
lens surface;

the third group lens being provided with a concave shape for the
object-side lens surface;

at least one lens among the lenses constituting the second group
lens, the third group lens, and the fourth group lens being made to
have an aspherical shape for at least one lens surface among the
object-side lens surface and the image-side lens surface; and

the following conditional expression (1) being satisfied when f
is the focal distance of the entire lens system, and ff2 is the focal
distance of the second group lens:

1.0 < f£f2/£ £ 2.0 (1) .

[Claim 2] The wide-angle lens according to claim 1, characterized by
the following conditional expression (2) being satisfied when ff3 is
the focal distance of the third group lens:

-2.0 £ ff2/f£f3 £-1.0 (2) .
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[Claim 3] The wide-angle lens according to claim 1 or 2, characterized
by the following conditional expression (3) being satisfied when ff4
is the focal distance of the fourth group lens:

0.5 < ff4/f £ 2.0 (3)

[Claim 4] The wide-angle lens according to any one of claims 1 to 3,
characterized by: the second group lens being provided with a lens
having an Abbe number of 40 or greater; and the third group lens being
provided with a lens having an Abbe number of 35 or less.

[Claim 5] The wide-angle lens according to any one of claims 1 to 4,
characterized by a diagonal angle of view of 100° or greater.

[Claim 6] An imaging device characterized by including: a wide-angle
lens according to any one of claims 1 to 5; and an imaging element
disposed at a focal position of the wide-angle lens.
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Amended Claims
[Received by the International Bureau July 19, 2013 (19.07.2013)]

[Claim 1] A wide-angle lens characterized by:

comprising a first group lens having negative power, a second
group lens having positive power, a third group lens having negative
power, and a fourth group lens having positive power arranged in order
from an object side toward an image side;

the first group lens comprising one lens having negative power or
two lenses both having negative power;

the second group lens comprising one lens having positive power
or two lenses both having positive power;

the third group lens comprising one lens having negative power;

the fourth group lens comprising one lens having positive power;

the lens constituting the first group lens being provided with a
concave shape for the image-side lens surface;

the lens, in the second group lens, disposed adjacent to the
third group lens being provided with a convex shape for the image-side
lens surface;

the lens constituting the third group lens being a meniscus
provided with a concave shape for the object-side lens surface;

at least one lens among the lenses constituting the second group
lens and the third group lens being made to have an aspherical shape
for at least one lens surface among the object-side lens surface and
the image-side lens surface;

the lens constituting the fourth group lens being made to have an
aspherical shape for both the object-side lens surface and the image-
side lens surface; and

the following conditional expression (1) being satisfied when f
is the focal distance of the entire lens system, and ff2 is the focal
distance of the second group lens:

1.0 £ ff2/f £ 2.0 (1) .

[Claim 2] The wide-angle lens according to claim 1, characterized by

the following conditional expression (2) being satisfied when ff3 is
the focal distance of the third group lens:

Amended Form (Article 19)
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-2.0 £ £ff2/££3 £-1.0 (2).

[Claim 3] The wide-angle lens according to claim 1 or 2, characterized
by the following conditional expression (3) being satisfied when ff4
is the focal distance of the fourth group lens:

0.5 < ff4/f £ 2.0 (3)

[Claim 4] The wide-angle lens according to any one of claims 1 to 3,
characterized by: the second group lens being provided with a lens
having an Abbe number of 40 or greater; and the third group lens being
provided with a lens having an Abbe number of 35 or less.

[Claim 5] The wide-angle lens according to any one of claims 1 to 4,
characterized by a diagonal angle of view of 100° or greater.

[Claim 6] An imaging device characterized by including: a wide-angle

lens according to any one of claims 1 to 5; and an imaging element
disposed at a focal position of the wide-angle lens.

Amended Form (Article 19)
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&, MEREBAZE2EHL Y ADEDORT—ICH LTMBREHAZE
SLYZADEDNRNT =M@ RYTELDT, REEHOEBARER, %o
T. BEEMEZMNADLHDICTREZ—2. OEET S, £ FEK (2
) DTFRIEAZEBADE, B2BHL VY IXDEDNRT—HNEIEL Y IDEADN
= LTHELRZDT, LYIRODE2RERBKHASD I ENAREICKLD
o ZZT, X (2) IE2WT, Z0#EE%EZ—1. 9BE—1. 3LUTE&
THIEIICELY, BINELREBEHMONZI VR ZEHIENTES,

TOERER (3) Z/ETIENEFLL,

0. 5=ff4, /f=2. 0 (3)

X (3) IIGEEMEINFEIT 272000 THD, d-bLE, FHEK
(3) OLBREAZEBASEEEEHAEDORICKELS ALY, FOMEMNHE
ERB, &R (3) OTREZEA S SGEEHRIPEORANICKELSRY,
ZTOMEL’EEE 4D, #>T. GEZHE L YT 2720101, TOEH
B%x0. 5ME2. OMTF&ET D, TTT. &R (3) IKD2WT, 20
Ba0. 7TUMET. TUTFETBIEICLY., REDNS Y AN END,
ARBPICEWT, BNEARIFICHET 27HIC1E, AIRHE28L v X
CTYRENA0LEDL Y X EBATHY., BIEEEIEL Y XE, 7y
BHNIBLUTOL Y XEFATVWEIENEZ LW,

AEBICBWT, HAEANAT100° UEOBREZERATZIENTES
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[0014]

[0015]

[0016]

[0017]

o DL, OIIBEADKRKEWVWLAL Y XICEWTHIREER Z HH
TE D,

MBICRBINABERTFEEETEIEABBET 2,

ARBICENIE, ALY INSREEERDZDT, BERFELTESR
BOSWEBERRTARBTICEICLY, BREBASHREEDEDET S
ZENTED, . KALYADLREESTEZ0OT, BEEEE/NE
kg2 enTED,

FEADMR

AEBFOLAL VXL nE, LY ZROLELEMETZI N TE
BEEHIC, BEBHORELINEHTES, £, OBRKEARL TR E
KB TH B,

IS T D fi B 7 B B

[[11ASBE %58 L 7= 21 1 D|IEL ¥ ZOBRETH 5,
[E2A1E 1 DI|EL ¥ O EBINERTH 3,

[E2B]E 1 DIB&RL ¥ ZORINER TH B,

[E2C]1E 1 D|EL ¥ ZOBEBHETH D,

[E2D]E 1 DI|MRL ¥ ZOEBINERTH 2,

[31A5BE %58 L 7= £HEf 2 DI|IGL ¥ ZOBRETH 5,
[R4A1E 3 DI|EL ¥ D8 EBINERTH 3,

[E4B]EI 3 DB L ¥ X DRINER TH B,

[R4C1H 3 D/ L ¥ ZOBEEHETH D,

[B4D]X 3 DIRIKEL v XD EMINZERTH %,

[EA51A 5B % 8 A L 7= E£HE% 3 DI|IRL ¥ ZOBRETH 5,
[BI6AIE 5 DIRIKL v A DEH EEBIRERKTH 5,

(6B 5 DimikL v XDFEINERTH %,

[BI6CIH 5 DRIKEL v X DGREZHEATH %,

[E16D]E 5 DI|EL ¥ ZDEINERTH 2,
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[0018]
[0019]

[0020]

[E71ARBE %A L -RER 4 ORIEL > XOBRETH 5,
[B8ATRD 7 DiRIGL » X DE EAINERTH %,

[8BIM 7 DiRiKL ~ XDEINERTH B,

[B8CIE 7 DiRIEL ~ XDGEEMR TH 5,

[E8DIE 7 DIRIFL > XDEMNERTH %,

[B91AFEZ WA L =565 DIRIEL > DB TH %,
[E110A18 9 D&l v XDE L BINERTH 5,

[10BIX 9 D&kl ~ XDEINERTH %,

[E10CIE 9 DIRIEL » XDGEEHME TH %,

[10D1X 9 D&KL ~ XDEMINEHTH B,

[ENIREL v X2 BEH T 2IRIGEBOHAETH 2,
FHAZEET H7-HDOHRE

UTFICHEZSR L T AFEAZERLEREL X %5HBT 5,

(EHREHI 1)

B1 1 IEEREG 1 DKL Y XOEHRETHD, BI1ICRT LI, |RIKL
VX1 0. ML SEAICAD? > TBICEEBIhiz, BONRT—45287F
DEIBELYZ11, EONT—%2FTHHE2EL VX112, AO/NT—%
BIDEIHL Y13, BLY, EONRNV—5FITIEAHEL VX1 4H
572%, AADRKL VX1 0E4HMDOL Y IHLSHERINTHY, E1E
LYZT1TRITHOEILYXT 1 1H5ERIN, F2BL X1 21F1
MOE2L VX121 hoEBHEIN, B3FL VI3 THOEIL VX
131A5BHRIN, S4BLYIT143THROBAL Y14 1H5BK
INTW2, BIELUXT1EE2HL VX1 208, §habs, 1L
YZ1T11EHE2LYX1210BICIERY 1 7THAREINTEY., £4L
VX141 DEAICIEAN—HSR 1 8HEEINTWS, EEE19IEH
N—HZRX1 8 LERERITIAMAEICH D,

FEILYZX1 11 YMFRAILY @1 11 at FEBREEA TS Y.
BREAILYXE1 11 bAMBREFELZTWS, F2L VX1 211, ¥k
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LYZXE121TaB8LUCBRAILYXET 21 bR ERTROFREZREA TV
5, BE3ILYX1 311, MEFAILYXET 31 adMPBREFEATSY.
BALYZXET 31 bAMEREREATVWS, F4L VX141 MHA
LYZXE141aB8LUCBRAILXET14 1 bR ERTROBREZREA TV
%,

[0021] J/ELVXTO0ODHEAOHEZFno. . ¥EAZw., 8LV, LY IRDOE
ReL&ETDE, CNOHDERUTOEEY TH D,

Fno. =2

w=57. 5°

L=12. 303mm

[0022] F7, 2LV XROESEHEZf, F1ELXTT (BE1LYX1 11

) DESREHAEf F1, F28L V12 (B2LYX121) OHELRER
HFf2, B3BLUYX13 (B3LVYX131) OESERMAT f3. $
AL VX114 (B4LUX141) OERBRZf f4&d5E&E. Ihb
DEFUTDESY TH B,

f=1. 9748
ff1=-7. 394
ff2=2. 019
ff3=—1. 089
ff4a=1. 545
[0023] T, ABIOHBKL VX101, UTFOZRERX (1) ~ (3) &Y

1. 0sff2/f=2. 0 (1)
—2. 0sff2/Ff3=-1. 0 (2)
0. 5=ff4,/f=2. 0 (3)

[0024] dhabs, ff2/f=1. 02THY, ff2/ff3=—1. 85T
HhY, ff4,/ f=0. 78TH%5,
[0025] ABIOBEL VX1 0REMHR (1) Z2BETDT, LY AROERER
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[0026]

[0027]

<A, GEZHAINFITZ2IENATES, AL, £4X (1) OLR
EEBADE, BEZHAECAICEAL TTORMESREE 15, £HX

(1) OTFREZBEASD L. BEEHI/EOAITIERL TEOFMEN’HEE &
85, ey &M (1) OLEREZEBEASE. B2HL VX1 20EDN
7 —AENICEELRBEDT, LY XZROLREZEB<MADZIEIRE#EEL
%,

g, ®EL VX1 0REHRX (2) 2T DT, BIREEIHEI LGN
5, LY XROEREEIMA, BEEHMZIGH T2 ENTES, T4b
5, &K (2) OLREZEAS S, OFREZHBADIE2RL VX120
EDNT—ICH LT, MEREHEADE3IL VX1 3 1OED/NT—HEFHEL
BYTEDLDT, BINENIBALT. ZOREN RS DS, £>T. BIX
EEMADHICERE—1. OUTET S, 4K (2) OTRIEFEE
EHZINE T2, LY XROLERZNGET2DDEDTH D, F*
#X (2) OTREZBASE, OPREZHEADE2HL VX1 20EDN
J— I L TMBREHEZAZEIL VX1 31 QEQNRT AR RY FTE
50T, REZEHODIERZEL, >T. BEEHZMNA5/HICTRE —
2. OlEET B, F7e. MK (2) OTREEBADE, F28L VX
T20EDNRT—HDEIEL VY1 3OEONRT—IIRHLTHELLDIDT,
LY XAZRDERERKMA DI ENEHICAD, 2T FHHX (2) L2
WT, ZO0&EH%Z—1. 9UE—1. 3UTETEI&ICLY, BINEER
HZEMONS VR %EEDBIENTE D,

IHIC, WIEL VX1 OREMRN (3) 2T DT, GEEHZL YT
HTE%, ghabb, £ (3) OLREEZBEA S SIFEZEMAEDRIC
RELLRY, ZTOBEN RS 12D, £MEX (3) P TFREUALE LD &K
HEZHIAEDORICKELSRY, ZOFMEN’REE LD, > T, BEZEH%Z
FYHEIT B0ICIE, Z0OHEEEO0. 5MUE2. OUTET 3, 22T,
ZHFX (3) IC2WT, Z0EHEZO0. 7 ET. TUTET R EICLY
BEONRS Y ZANEND,
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[0028]

[0029]

[0030]

[0031]

[0032]

Floo ABITIE, B2BL Y12 (F2LYyX121) OF7 vy RE%E v
d2, E38LYX13 (E3LYX131) Dyvd3&LEEEIC, UTF
OFHX (4) BLURHGRX (5) %Y,

vd2z40 (4)

vd3=35 (5)

ABTIE, vd2=52, vd3=23. 4ThHd, ZOFER. BEL YV
X1 0T, BOHOMENSRDE2L VX121 EEGDBOMENS A
2EILVYITIIIHFBYEILDIKEEBEINDIDT, BINEEZRIFICHIE
TZ 5,

RIC, RTARBEBLYZT10DEL Y AADL Y XF—9 %R, &1
ATIEMEAISBALIEETEL Y AEE2BEELTWS, BEINMIT SN
LY ZEEHRETH D, AFITIE, F2LX121 (FE2BL VX1
2) . B3LYX131 (BIBLYX13), F4LVX141 (F4E
LyZX14) OFNFhOYERAIL > XEm121a, 13Ta, 141ad
JUCBAILYZXE121b, 131b, 141 bAFEKAWREFELTWVS
o SIFRY 1 7%2Rd, b, OABESLCTOEIEHN—HZRA18DHZ
AETHD, HEFRBLUCERDBEAIFI) A —MLTH D,

[R1A]
[k Hh R il Nd([BHTEE) |vd(Fw~AE)
E1HE Infinity 1.000 1.5168 642
HE2H| 3.835 4726
EIES Infinity -0.036
A H* 2106 1.279 1.5346 56.0
ES* -1.760 0513
EOMH* -0.633 0.431 1.6319 234
o7 -§.915 0.057
E S+ 0.949 1.108 1.5346 56.0
Eom -3.890 0.631
F10H Infinity 0.300 15168 642
E11H Infinrty 0.872

RIS, RTBIEFFEKEmEINEL Y XEOIKAMREFRET 27D DIk
KEFREZTT, X1 BIBLWTEMHRALSHALIRETEL v XHEZR
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ELTWS,

[$R1B]

PCT/JP2013/001035

F4E

B5E

F6H

FI1E

F8m

FIE

K

—-27.28282

1.00817

-2.355196

50.90771

—11.43756

—4.732964

A4

2.89094E-01

-4.91304E-02

-2.41659E-01

—5.11864E-01

8.08884E-03

9.15869E-02

AB

—6.15595E-01

5.14099E-02

3.1626 7E-01

1.43965E+00

4.38444E-02

—6.14929E-02

A8

71.23663E-01

-6.30732E-Q2

1.31348E-01

—2.05869E+00

—-5.83106E-02

3.51186E-02

Al10

-4.60752E-01

2.37616E-02

—-8.28993E-01

1.78101E+00

3.22554E-02

—-1.26469E-02

Al2

0.00000E+00

0.00000E+00

8.33710E-01

-8.46702E-01

—7.77033E-03

1.74905E-03

Al4

0.00000E+00

0.00000E+00Q

—2.59305E-01

1.71228E-01

—1.21963E-04

2.83005E-05

Al6

0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00

2.25513E-04

—2.22343E-05

[0033] &, LY XEICEKAT 2#KEMRIE. YETITE, c ZHEFEOH
B}, KEMA#RE, h2XBEI. 4R 6k 8RR 10k, 120k 1
4R, 1 6RDIFKEFBEEEETNETNAL4, A6, A8, A10, A1 2,
Al14, AleEgde. RAICLYKDIND,

[0034] [#k1]

_ ch’
1+4/1— (K +1)c*h?
(FER%IR)
BM2A~E2DIdREL X1 008 EEINER, HMNER, &EZHE

. EHINERTHD, M2 A0H EENERTIFESBE AL, M

RETRT, M2 BOBNERTIEHEEIEASFEEEZERL, METNEES

Y, M2BTld BRROELRDIZEHROARICOVWTOYIaL—2aviE

RERLTHD, B2 COGREMBMRTITEEIINESADOEREZRL.

HIIEROBIERT, H2CICEWVWT, SEYTHILEICE T 2 EREERIX

EZ5ERL, TRYVYII VI v IIVEICSIT2EEEMREESTRT, M2D0D

THINERTRBH#HIFGOEAEE L. WEIKROBIETT., B2 A

T LIS, ABFDRGKL VX1 0ICEniE, B EDBINENBRIFICHIES

nNTW3, T, B2BICRTLDIC. BOBA’FEIINE, TSI, H
2C. E2DICRT LDIC. BEZHARFICHEINTWS, [>T, &

BL VX1 ONEREREICR D,
Fleo AHITIE, B2LX121

Y(h) + AR+ AR+ AR+ AR AR AR AR

[0035]

[0036] (F2FLVX12), B83L VX1
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[0037]

[0038]

[0039]

31 (BEI3WLYX13), F4LYX141 (BABELVYX14) DFN
FhowmiEaL v XE121a, 131a, 141a, BLCKRAIL Y XE

121b, 131b, 141 bAFKAMKRZBEATWLWEDT, HEL VX
1OABEZ KR IND, I5IC. AAITIE. LYXROLRLE12, 3
O3mm&EBLKIMWABIENTES,

(EHREHI2)

B3 =R 2 DIRIEL VX2 0DBHKTH D, M3 ICRTLDIC, &
BRL VX201, WAL SEAICAN > TBICEEI N, BONRT—%
BIBETHLYX21, EONRT—%2FIT2E28L X222, &aO/NRY
—%ZBTHEIFHL VX233, BIUV, EONT—%2HFTBHEL4EHL VX2
AWS7D, AFDREL Y X205HDL Y IHSBRINTEY., B
TEELYZ2TIRITHOBILYZ21 1ASEBHRIN, $28L VX222
FE2L VX221 BLVEILYX22202MDL Y I SERI N,
BIELUX23FTHMOEA4L VX233 1Hh6EHRIN, F4BL VX2
AT THOES LY X241 HHBRINTVWS, F2HL VX2 2180
T, F2L VX221 EFE3ILVX22208ICIERY 2T HAEEINTS
Y, BEE5L VX241 QBRAICIEHN—HSZ28HARBINT WD, g
H29EAN—HZTR28LERBERITAMEICH B,

FE1LYX21 11 YFEAILY @21 1 at FEEREEA TS Y.
BRAIL Y XE2 1 1 bAMBREFEZTWS, F2L X221 1%, Wik
LYy ZXE22 1 aBLTBRAIL VY XE22 1 b ZEhEFROFERERATWL
%, BEILUX2221F, WALV XE222 a8 L MEAIL Y XE?2 2
2b M ENETNOPEREHBATVWD, F4L X231 MEAIL Y@\
231 atMPRzREATEY. BRAL Y XE2 3 1 bAOERZHEA TL
%, BEEL VX243, WAL Y XE24 1 asLCEAIL Y XE?2 4
TbAZENEFNROERZR®EATWS,

BBRLX200EOH%Fno. . ¥BfA%2w. 8L LVYIROE
RELETDE, TNOHDBEIUTOEEY THD,
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Fno. =2
w=69. 0°
L=12. 300mm
[0040] ZF/z. 2LV XRDEREHE . F18L VX271 (BE1LvX221
) DESFEHA T 1, F2BL U X22 (2L vyX2218L083L
VX222) OESERAT f2, 3L VX233 (F4LvX231)
DESES#AE f 3, F4BHL X244 (ES5LVX241) OESEEA
ff4aed2E, INOHDERRUTOESY THD,
f=1. 9055
ff1==3, 430
ff2=2, 059
ff3=—1, 481
ff4=2, 451
[0041] 7d., F2BL U X22%2BRLTWEE2L X221 0ERER#E f
f21, B3ILVX2220EREMAT f22&895&. TNHSDEIRI
TOEBYTHD,
ff21=4. 080
ff22=2, 685
[0042] CZZT. ABIO\WKEL > X201F. UTDEHY., 4R (1) ~ (3)

Y.
1. 0=ff2/f=1, 08=2. O (1)
—-2. 0=ff2/ff3=—1. 39=—-1. O (2)
0. 6=ff4, /=1, 29=2. O (3)

[0043] F7, AHITIE, F2HL VX225 TH2E2L X221 BLVE
BLYX222DHBT7yNRBOAREIREIL V22207 yR¥%E v d
2, BI3WL VX233 (B4LvX231) OF7y~REAEvd3ELEEE
I, UTORHERX (4) BLUERERX (B) ZHET,
vyd2=56=240 (4)
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[0044]

[0045]

[0046]

[0047]

yd3=23. 4=35

12

(5)

PCT/JP2013/001035

RIS, R2AIFBEL VY X200& LY AEDL Y ATF—4%5RT, K2
ATIEMERAAIASEAZIBECEL Y IXEEHELTWS, EMANITOH
=LY XEIEEKETHY ., FHITIE, F3L X222, F4L2X23

1T (B3FLUX23) . BLUELL VX241
FRThOWEAIL Y XE22 2 a,
231b,
BT, BB,

m22

2b.

23

1 a,

HELESIUCBEROBEAMIFI YA —MLTH 2,

(FE4BEL >V X24) @
241 aBdCBRAIL VX
241 b NEHEPRZBATWD, SiFKRY 27
12EHLGT SEEAN—HSRA28DHSAETH %,

[22A]
& HELE Bl Ne(JRETEE) (VAT v~ H)
2E1m Infinity 1.005 1.5891 61.3
E2H 2.029 2.846
E3H 7.134 1.804 16477 33.8
H4m -3.822 0.042
$£5ES Infinity 0.058
EGmE* 44135 1.471 1.5346 56.0
E7m* -1.473 0.386
E8m# -(.828 0.482 1.6323 234
EOm* -8.142 0.100
F10m* 3.144 1.423 1.5346 56.0
E11HE* -1.905 0.100
Z12@ Infinity 0.300 1.5168 64.2
=131 Infinity 2.207
RIC, R2BIFEREE I NAL Y AEOIKRAFIRERET 57D DIk

KEFREZT T, R2BICBVWTEMHRALSHALIRETEL v XHEER

ELTWS,
[3%2B]
SE6H il SESMH 9| 10 HE11@

K -33.86235 -4524449]  -0.6534266 14.03202 2.128012 0
A4 —-3.50474E-02| —1.27565E-01| 3.64349E-01| 3.25046E-02| —2.54735E-01| 8.43204E-03
Ab 9.71551E-03| 7.82738E-02| —1.21525E-01| 8.10461E-02| 3.12620E-01| 1.06866E-02
A8 —2.43483E-02| —5.46723E-02| —8.19386E-02| —1.01145E-01| -3.04821E-01| —1.15984E-02
A10 7.63834E-04] 1.26404E-02] 1.54306E-01| 457183E-02| 2.00014E-01| 7.74896E-03
Al2 5.97866E-03| 0.00000E+00| -8.41133E-02| -8.55866E-03| —-8.51187E-02| -2.07850E-03
Ald —-8.87636E-03| 0.00000E+00| 2.02896E-02| 4.42919E-04] 2.07222E-02| 1.16093E-04
Al 0.00000E+00| 0.00000E+00]  0.00000E+00| 0.00000E+00| -2.15500E-03| 3.42064E-05
(fERRR)

HP, Ex. 1013

Page 60



WO 2013/125248 13 PCT/JP2013/001035

[0048]

[0049]

[0050]

ABIOJEL X2 0 FEMEX (1) ~ (3) &2HLIDOT, LYIRD
2REZEAMAZEEHIC. GEEHSLSUVBREZNGE T2 ENTES
o Ele. ABITIR. EDBOMBNSRDEIL VX222 EFHHOME
HNoRBBEAL VY23 1HHYEILOICEEINDZIOT, BINELZRE
ICFHIET X %,

IS5, ABITIE, FE2BL VY X220FE3L X222, 4L v X2
31 (E3WLYX23) ., 5L vX241 (FBABELVX24) DFN
Fhh, MEAIL v XE222a, 23 1a, 241 a8LCKBAIL Y XE
222b, 231b, 241 bIIHEHKAMRERA TS, COER. FEO
M:Fno., =2&%Y, BIGELVX200BBBRIND, Tz, AfH
TiE, LYXZDLERLAET12, 300mm&GLIMIBIENTES,

B4 A~EA4DIFRKEL X200 EAINER, HMNER, &EZHE
. EHINERTH D, B4 AIKTRTLOIC. FAIOTREL VX2 0ICLniE
B EOBINEFABRFICHEINTWS, £/, M4BICRT LI, BD
BHIMIEIEING, I5IC, B4C, H4DICRYT LDIC. REEHNREF
ICHEINTWS, o7, ®IRL Y X2 OEMIREICR D,

(EHEHI3)

5 EEFHER 3 DIRIEL Y X3 0DERKTH D, I5ICRTLDIC, &
BRL VX3 01E, WAL SEAICAN > TBICEEI N, BONRT—%
BIETHL VX331, EONRT—%2FT2E28L X332, &aO/NRY
—%ZHBTHEIFHL VX33, BLUV, EONT—%2BTHELEHL VX3
AW57D, AFIDREL Y X30E5HDL Y IHSBRINTEY., B
TELYX3 TR THROEILYZX3 1T 1HhSEHRIN, F28L X332
FE2L VX3 21BLVEIL Y3220 2MDL Y I SERI N,
EI3HL VX33 THOEAL VX33 1HOEHRIN, F4BL VX3
AT THDES LY X34 1HLEBRINTWD, B2EL Y3 2180
T, F2L VX321 &E3L VX3 220RICIEIKRY 3THARBINTS
Y, EE5L VX341 OKBAICIEAN—HZIRAIBHPBEINT WS, fHEiK
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[0051]

[0052]

[0053]

[0054]

W3 EAN—HZRX3 B LAERERAITLAMAEICH D,

B1LYX31 11k WALy XE3 11 ad EEBREEBA TS Y,
BREAIL Y XE3 11 bAMBREFELTWS, F2L X321, ¥kl
LYZE321TaBL™MBRAILYZE3 21 bAZERETROBREZREATW
%, BE3ILUX3221F, WAL Y XE3 22 a8 LMEAIL Y XE3 2
2b M ENETNOPEREZHBATVWD, F4L X33 11 MEAIL Y@\
331 abtMERzEREATEY., AL >XE3 3 1 b MO REHBA T W
%, BEE5L VX34 113, ALY XE3I 41 asLPEAIL Y XE3 4
TbAZENEFNROERZR®EATWS,

BELZX300AAOFZFno. . ¥BEAZw., LT LY IXROE
RELETDE, TNOHDBEIUTOEEY THD,

Fno. =2

w=56. 5°

L=12. 303mm

Flz. 2LV IROERERAEf, F1BHLYX31T (B1LYX311
) DESERAEf 1, F2BL Y X32 (F2L VX321 B8LUE3L
vX322) ODEREMET f2, E3FHL X33 (BE4LX331)
DEREHE f f 3, F4BEL VX34 (BES5LvX341) OERERHA
ff4aed2E, INOHDERRUTOESY THD,

f=1. 986

ff1=—6. 278

ff2=2. 321

ff3=—1. 602

ff4a=2. 206

b, BEL U X32EBALTVWEE2L X321 DEREHE
f21, B3ILVYX3220KR[MERETf f22L92&. ThODEIRE
FTDEHEYTH S,

ff21=5. 442
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[0055]

[0056]

[0057]

[0058]

ff22=2. 766

ZZT, AHIO®EL VX3 01F. UMTFoesY, £H4X (1) ~ (3)
Y

1. 0=ff2/f=1. 1752 (1)

-2, 0=ff2/ff3=—1, 38=—1. 0 (2)

0. b=ff4, /=1, 11=2. 0 (3)

e, ARITIE, F2BL VX3 2%5BRTIE2L VX321 BLVE

3LYX322DH5ET7 vy REOREVWEIL VY X32207 vy ¥ % v d
2, BI3BHL VX33 (BALVX331) OFPy~REAEvd3ELEES
I, UTOERHR (4) BLUERHR (B) 28T,

vyd2=56=240 (4)

vd3=23, 435 (5)

RIT, RIARBKRKEL VX3 0DEL VY AEDL VY ATF—9 %KY, &3
ATIEMEAISBALIEETEL Y AEE2BEELTWS, BEINMIT SN
2Ly XEGFHFRETHY . AfITIE. E3L X322, F4L X33
1 (B38LYX33) ., BLUESL VX341 (F4ELVX34) D
FRThOYMEAIL > XEm322a, 331a, 34T aBLVEAILVX
mM322b, 331b, 341 bAkKAMREZEATVNS, SIEKRY 37
HRY, BB, 1 2ASSLCTI SEAEHAN—HZAIBDHZAETH 5,
MEXRS L CBROBRAMIEIY A—MLTH D,
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[Z3A]
mE HEE EiliG Nd(JRITEE) [Vd(T w80
Z1mE Infinity 1.410 1.5168 64.2
EomE 3.256 4.207
23\ 4348 1.429 1.6200 36.4
E4E -13.567 0.100
HBE5ES Infinity 0.101
EGE* 4.090 1.119 1.534% 56.0
BIE* -2.109 0.386
E8mE* -0.633 0.484 1.6323 23.4
EOmE* -2.152 0.087
E10E* 1414 1.056 1.5346 56.0
FE11E* -5.405 0.100
E12HE Infinity 0.300 1.b168 64.2
=13E Infinity 1.406
RIC, R3IBIFFHAmEINAL Y IEOFKATFREIRET 272Dk

[0059]

[0060]

[0061]

HKERBEATRT, RIBICBWTHEMHRAISEAILIEBETEL Y XTE
ELTWS,

[£<3B]
SE6E $E7HE $8M E ] $10M AR
K —76.1177 —31.1790 —1.2321 1.8229 —24.0941 0.0000
A4 8.93944E-02| —455920E-01| 7.10750E-02| —3.45248BE-01| 1.64176E-02| 3.16849E-03
Ab -1.76226E-01| 4.64097E-01 2.58089E-01| 1.41096E+00| 3.65178E-02 1.37311E-02
Ag 1.06904E-01] -3.27719E-01] 9.32169E-02| —2.00748E+00| —5.64218E-02) —4.94053E-03
A10 —6.20285E-02| 9.82264E-02( —7.27773E-01| 1.71460E+00| 2.60727E-02| —3.06896E-03
Al12 0.00000E+00| 0.00000E+00Q| 6.90419E-01| —8.10550E-01| —2.38309E-03| 1.71232E-03
Al4 0.00000E+00| 0.00000E+00| —-2.01703E-01| 1.64603E-01[ —1.58029E-03| —1.83080E-04
Al6 0.00000E+00| 0.00000E+00| 0.00000E+00| 0.00000E+00| 3.25406E-04| -2.12665E-05
(YEFZR)

ABIDIIEL > X3 01FF BN (1) ~ (3) ZFLIDT, LYIXRD
2REZEAMAZEEHIC. GEEHSLSUVBREZNGE T2 ENTES
o Elz, AAITIR., EDBOMBNSLRZEIL VX322 E@DHOMHH
NoRBEAL VX33 THIHEYEDILDICEEINDDT, BINEZRIF
ICFHIET X %,

IS, KBTI, FE2BL VX3 20F3L X322, F4L VX3
31 (B3BELYX33)., BE5L VX341 (FB4EL v X34) OTh
Fh, MEAIL > XEm322a, 331a, 341 a8L0BAILYE
322b, 331b, 341 bIIHHKAMRKEBATNS, COER. FEO
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[0062]

[0063]

[0064]

M:Fno., =2&%Y, BIGEL VX3 0NBEBLBRINDG, Tz, AfF
TiE, LYXZD2RLAE12, 303mm&G<IMIBIENTES,

B6A~E6DIFRKEL X3 008 LAEINER, HMNER, &EZHE
. EHINERTH D, B6AILTRT LI, FAAIOJREL VX3 0ICLniE
B EOBREFARIFICHEINTWS, £, H6BICRTLIIC. BD
BANMIGEIND, IHIC. I6C, 6 DICART OIS, REEHMA R
IKHEINTWDS, fE>T, H&IEL VX3 0ONBMBIREICKL D,

(EHEHI4)

B 7 EEFER 4 DIRIEL VX4 0DEBRETHD, M7ICRTLDIC, &
BRL VX4 01E, WAL SEAICAN > TBICEBEI N, BONRT—%
BEI2F1HLYZ41, EONRNT—%2BTHE2HL VX442, a0/
—%2BTHEIHL VX433, BIUV, EONT—%2FTBHEL4EHL VX4
AWS7D, AFDREL Y X40E5HDL Y IHSBRINTEY., B
TELYZA4TREEILYI411BLUVE2LYX41202HMODL VX
HOBRIN, F2BEL VT4 2 THROEIL VX421 HASERIN,
BEIHL VXA THOEA4L VX431 HLEBRIN, F4BL VX4
4IFTHDELS LY X44 THLEBRINTVWS, B1FELVYX41EE2
BLUX4208. Thbb, 2L VX4 12E5E3L VX421 0BIC
Y 4 7T HEBEBEINTHY., BES5L VX444 10KANCIEHAN—HF R4
BHABEINTWS, EERE4L QIEHN—HSR4 8 ERERBERITEMEIS
H5

BILYX411E MEAILYX@E4 11 a’twBRkEEATEY. &
ALY XE4 11 bAMBIREHBEATWD, F2L X4 1 21E, YEaL
YAE4 12 atAREBEATEY., ALY X@E4 1 2 b AAMBREE
ZTW3, B3ILVX4211F HRAILYZXE42 1 aBLUTHRAIL VX
HA421bAZhZTROFREBATVS, F£4L X431, WAL
YAE4 31 atMPEREBEATEY., BAIL Y X@E4 3 1 b AR E R
ZTW3, BS5LYX4411F HRAILYZXE44 1 aBLUTHBRAIL VX
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[0065]

[0066]

[0067]

[0068]

[0069]

H441bAZENZTROBREZEA TV,

BRIRL > XA400HAO0HZF no. . ¥BEA%Zw, 8LV LY IEDE

RzLETDE, TNHDEUTOESEY TH S,

Fno. =2. 4
w=95"°
L=11. 16mm

F, 2LV AZROESEMAE T, F1ELYX41 (FE1LVX411

f=1. 376
ff1=—4. 394
ff2=1. 754
ff3=—1. 114
ff4=1. 446

ff11==-11, 304
ff12=-8. 279

BLVE2LVX412) OEREREf F 1, F28L v X42 (E3L
VXA421) DESERAT f2, BE3BL VX433 (F4LvX431)
DESRERAE f f 3, AL VX444 (BS5LVX441) OESERE
ffasd2E, TNOHDBEIUTOEEY THD,

BB, BE1HLYX41A5BRLTWEETILYX4 1 1 OESERHA T
fF11, BF2LVXA4120EREEHAETF 12892 E, 2hosDEIRU
ThOEBY TH B,

T, APOBKL VX401, UTOEBY., 4K (1) ~ (3)

b I

1. 0=ff2/F=1., 27=2. O (1)
-2, 0=ff2/ff3=—1, 57=—-1. 0 (2)
0. b=ff4 =1, 056=2. O (3)

T/, ABITIE, F2EL VX442 (B3LYX421) OF yR¥EAE v

d2. 3L v X43 (B4LvX431) OF7yRBEEvd3&ELEE
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TS, UTORHER (4) BLUORHR (5) 2wk,
vyd2=56=40 (4)

vyd3=23. 4=35 (5)

[0070] RIC. RA4AITBBLVYI40DEL VY AEDL VY ATF—49 4557, kb
ATIEMEALISEALZIBETCEL VY AEEHELTWS, BEANAHITON
7Ly XmEiEFEFmTHY., AFTIE, F2LrX412, F3L X442
1 (B3 L v X43) ., 4L vX431 (B3ELvX43) ., kO
BELVX441 (FBAELVX44) OFRThOWEAIL > XE4E 12
a. 421a, 431a, 441 aBLvRALYX@m412b, 421Db
. 431b, 441 bAEKEFERERBATVNDS, SIEKRY 47 %RYT, I
B, 12EBBLCT13EIEAN—HSZA48DHZAATH D, HERFERHD
JUEBDENIZI ) XA —MNILTH D,

[0071] [3R4A]

& e Rke Nd( B4 ) [Vd(Tw<%0)
B 14,550 1.000 15168 64.2
E 4.081 1.400

E3E* 40.204 0.800 1.5346 56.0
A 3.975 3514

ES5ES Infinity 0.076

ETo 1.848 0.957 15346 56.0
=7 E* -1.573 0.738

ERE* -0.646 0511 16319 23.4
E9E* -9.274 0.096

= 1 OfF* 0.977 0.952 15346 56.0

=Z11mE* -2.496 0631

=12 Infinity 0.300 15168 64.2
=135 Infinity 0.185

[0072] RIC. XABIZBE2L VX4 120& L Yy XEOIERERHBETRL, x4
CIEE3L VY421, 4L X431, BLIUOELSL VY44 1D&L
Y AEOIEEMBEAETT, X4B, RACICEWTHEMHRAHI S A )E
BETELYIAEEBELTWS,

[0073]
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[5R4B]
H3| A

K 09419 0.0000

Ad -8.31314E-04| -1.99687E-03

A 0.00000E+00| D.00000E+D0O

A3 -837785E-06| 2.20270E-04

AlD 0.00000E+00| D.00Q00E+DO

Al2 0.00000E+00| D.00Q00E+DO

Ald 0.00000E+00| 0.00000E*+00

AlG 0.00000E+00| 0.0000DE+00

[0074] [5R4C]
BE6ME E1E S8 E Ael] F10mE EUE
K -18.2384 0.9139 —-2.7300 52.1381 —-10.6356 —-9.5943
A4 2.46187E-01| —3.32402E-02| -2.41999E-01| —5.07785E-01 1.85174E-03| 9.47311E-02
Ab —-6.42345E-01| 5.25652E-02| 2.78515E-01| 1.43769E+00[ 4.44951E-02| —-6.16763E-02
A8 7.20341E-01| -967462F-02| 9.90897F-02| —-2.06043E+00| —5.78888E-02( 3.49914F-02
A10 —-5.70160E-01] —-5.46137E-04| -8.31946E-01| 1.78188E+00| 3.23753E-02| -1.26670E-02
Al2 0.00000E+00| 0.00000E+00| 8.60049E-01| —8.45602E-01 —7.75381E-03| 1.74547E-03
Al4 0.00000E+00| 0.00000E+00| -2.11841E-01| 1.70771E-01[ —1.28007E-04| 2.67588E-05
Al6 0.00000E+00| 0.00000E+00| 0.00000E+00| 0.00000E+00| 2.19284E-04| -2.30456E-05
[0075]  (#FRzIR)

[0076]

[0077]

AOIDBIKL X4 0RFEMHRX (1) ~ (3) Z®/EIDT, LYIRD
2REZEAMAZEEHIC. GEEHSLSUVBREZNGE T2 ENTES
o Elz, AAITIR., EDBOMBNSLRZEIL Y X421 EEDHOMHH
NHRDBEAL VX4 1HBHEYEDILDICEEINDDT, BIEZRYF
ICFHIETXE 5,

TSI, AT, E2L X412, E3LVYX421
42) ., E4L X431 (E3FLVYX43), F5L X441
BLYZX44) oFhThd, YFAIL > XE412a, 421 a,
441 apbrMEFAILYXEA412b, 421b, 431b, 441D
=2. 4&R0Y,

(B2EL VX

(64
431
a,
WA R EZRBATWS, ZOfER. FAOK: Fno,
RIEL VX4 0B <BRIND, F. AAITR, LY IROZRL%E
TemmeEBKIWABIENTES,

B8 A~H8DIFRKEL X4 008 LEINER, BMNER, KEZHE
. BRNERTH S, I8 AILTRTLOIC. AAIDOJKEL Y X4 0ICEnid
. B EOBINEFARFICHEINTWS, £/, M8BICFRTLIIC. BD
BANMIGEIND, IHIC. I8C, EI8DICART LIS, REEHMA R

11.
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[0078]

[0079]

[0080]

ICHEINTWS, o7, ®IRL Y X4 OEMIREICR D,

(EHREHIS)

B9 IEEHERI S DIRIEL VX5 0DBRKTH D, HICRTLDIC, &
BRL VX5 0E, WAL SEAICAN > TBICEBEI N, BONRT—%
BI2ET1HL VXL T, EONRT—%FT2E28L VX552, &aO/NRY
—%ZBTHEIFHL VX553, BLUV, EONRNT—%2BTHEL4EHL VX5
A5 D, AFIDREL VX550 6HDL Y IHSBRINTEY., B
TELYASTIEEILY X5 1 18LVE2LYX51202KDL VR
NOoBHRIN, F2FHL VX552l E3L VX552 1B8LUVE4L4L VX552
2D2HMDL Y AN LBRINTWS, E3BL VX533 THROES LY
A531THoBRIN, FE4EL V54 FTHOEGL VX554 1Hh61E
MINTWD, B2HL VX5 2%2BRLTWSEEIL X521 &54L
VA5 220BICIFRY B THEBEINTEY, FE6L X541 DKRANIC
EAN—HZZX5 8HMEINTWS, HEEADS QEHNN—HZZX58 &M
fEERITIMEICH D,

E1LYX5111E MFEBILYXES 11 a’WBREBEATEY., &
fAILYXES 11 bAMBIREHEATWD, E2L X5 1 21E, kAL
v EmbS12abLCBRAIL > ZES 1 2b A ENTRMBREBEATWS
o B3LYX5211E, MFAILYXES 21 abLTBRAIL > XES5 2 1
bAEThENROEREZEATWS, F4L 25221, YEEILYX@ES
22aBLvBFRAILYES 22 b EREFhOBREREATWS, E5L
VX531, WAL XES5 31 arMEREHEXTEY., HBRAIL VX
E53 1 bHANEREBATVD, BE6L VX541 MEAIL Y XES
41 aBLMEAIL Y XES 4 1 bAZRZROARREBATWS,
BBRL X5 00O AFno. . ¥BfA%2w. 8L LYIROE
RaEaLETDE, CNOSDERFRUTOESY TH S,

Fno. =2, 2

w=72. 8°

HP, Ex. 1013
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L=15. 57mm
[0081] ZF7/, 2LV XROESEMA T, F1HLYX51 (B1LYX511
BLUVE2LX512) OESERHET 1, E28L X562 (B3 L
VX521 HLVELLVX522) OELERAf f2, B38L VX5
3 (B5LvX531) OEREMAEf f3, F48L X544 (6L v
X541) OERERA T f4EddrE, ThOoDERUTODEBY THB
f=1., 356
ff1=—3. 279
ff2=2., 459
ff3=—1. 602
ff4=2, 183
[0082] 7d. F1EHL VX515 LTWEETL VX5 1 1 OESERS
f11, E2LVX5120EREH~=ff12&L, F28L 2 X52%
BERLTWEBEIL A2 10ERER#EZT f21, F4L20X5220
EREzf f22&92E. CNODERUTOEBSY TH S,
ff11=—14. 13
ff12=—4, 958
ff21=3. 649
ff22=2, 793
[0083] C 2T, ABIDBEL VX501, UToEBY, £ (1) ~ (3)

Y.

1. 0=ff2/f=1, 81=2. 0 (1)
—-2. 0=ff2/ff3=—1. 53=-1. 0 (2)
0. 6=ff4,/f=1. 61=2. 0O (3)

[0084] F/=., KEITIE, F28L VX552 (B3LVX521BLUVELL VX
522) OHYLTYRBOKREIRFAL VL2207 yREAEvd 2, B
3L VX553 (B5LVX531) OF7yRHEvd3ELEEEIC, U
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[0085]

[0086]

[0087]

[0088]

TOERERX (4) BLUERHENX (5) ZH/ET,

vd2=56=240 (4)

vd3=23. 4235 (5)

RIC, REARKRKBEL VX5 0D&L Y AEDL VY ATF—49 %KY, &b
ATIEMEAISBALIEETEL Y AEE2BEELTWS, BEINMIT SN
LYy ZEEIEHKETHY ., AT, F2L X512, EI3FEL VXD
3DHIENEAL VX522, H5L X531 (EI3#HLVYX53) ., &
LJUEBL VX541 (B4ELVYX54) OFNThOYWERAIL > X@5
12a, 522a, 531a, 541TaBLTGAILYXES12b, 52
2b, 531b, 541 bd¥KAXKEZRA TS, SERYLT7%2RT
o BB, 1T4EBLC T S5EIEAN—HSAS58DHSAETH D, HIRYE
BEBLUBROBAIEIY X —MLTH D,

[ZR5A]
mE Yy F il Nd(RITEE) |Vd(T w80
E L] 20.108 1.000 1.5168 64.2
=2@| 5.280 1.916
HImE* -40.323 1.000 1.5346 56.0
EAE* 2.875 4,468
£ 2.566 2.755 1.6200 36.4
Eem -11.880 0.100
$£7mS Infinity 0.101
E8m* 4.090 1.277 1.5344 56.0
FomE* -2.108 0.198
H10m* -0.633 0.484 1.6322 234
F11Em* -2.152 0.087
HF12m* 1414 0.860 1.5346 56.0
%13@E* -5.405 0.100
E14AH Infinity 0.300
H15m Infinity 0.825

RIS, ROEBIFE2L VX5 1 20&L Yy XEOFKREFREZRL. k5
Cizg4L v X522, E5LvRX53 1, BLUVE6L VX541 D&L
v AEDIKEREETT, X5B. RECIKBVWTHMFRAIN S A LIR
BETELYXEEHELTWS,
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[£5B]
E3E H4E

K 0.0000 0.3272

Ad 1.22135E-03| —1.50493E-04

I 0.00000E+00]  0.C0000E+QD

AS 0.00000E+00]  0.CO000E+0D

AlD 0.00000E+00( 0Q.00000E+QD

AlZ 0.00000E+00( 0.00000E+Q0

Ald 0.00000E+00 0.00000E+00

AlB 0.00000E+00]  0.CDODDE+0D

[0089] [3R5C]
ESE EOM F10| F11m F120 FI13M
K -33.4283 -24.4263 -1.6077 1.8118 -20.8115 0.0000
Ad 1.11999E-02| —4.94861E-01] 1.00494E-01| -2.59338E-01| -7.72364E-02| -4.23518E-02
AB -561040E-02| 5.72189F-0i] 221374E-01] 1.36070E+00] 5.24617E-02| -3.40797E-03
A8 -1.66559E-02| -2.99204E-01| 1.00065E-01] -2.00144E+00| -6.43273E-02| 1.89923E-04
INTS 2.86662F-03] 8.09019F-02| —6.90465F-01] 1.71902F+00] 2.62442F-02| -2.39820E-03
Al2 0.00000E+00]  0.00000E+00] 7.22800E-01] -8.12671E-01| —6.30518E-04] 1.51250E-03
Al4 0.00000E+00|  0.00000E+00| —2.40809E-01| 1.56304E-01| —8.85557E-04| —2.71444E-04
Al6 0.00000E+00]  0.00000E+00| 0.00000E+00] 0.00000E+00| 1.81016E-04| 6.68224E-05
[0090] (YEF%HR)

[0091]

[0092]

ABIDIIEL » X5 01FFHRX (1) ~ (3) ZFLIDT, LYIXRD
2REZEAMAZEEHIC. GEEHSLSUVBREZNGE T2 ENTES
o Elz, AAITIR. EDBOMBNSLZEA4L VX522 @O
NoRBELSL VX3 THBEYEDILDICEBEINDDT, BINEZRIF
ICFHIET X %,

IS, AHTIE, FE2L X512, F2BLVYX520%H41L VX5
22, 851 X531 (B3BLVYX53), $£6L X541 (F48
LY X54) prhEhd, YFRILVXES512a, 522a, 531a
. 541 aBLEAILYXES12b, 522b, 531b, 541bi
FHAMREBATND, COFER. BEOK: Fno. =2, 2&RY, &
BLY X5 0NBAZKHEHRINDG, /. AT, LYXRODERL%Z 1
5. 57T mm&BEHIABIENTES,

EM10A~K10DIBIKL VX500 EEINER, #INER, &EZ
B, EHNERTHZ, M1 O0OAICTTLIIC. AHDRBEKL > X501
SniE, SHEDCDBINENRFICHEINTWS, £/, B10BIZRxT LD
IC. BOBAHIMHEHIIND, TSI B10C, B10DIKRT LIS, &
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[0093]

[0094]

[0095]

EHEHARIFICHIEINTWS, [>T, BEHBL VX5 0’FHREEICLS

]

(RigEBE)
B11IEARAOREL v X1 0% #EHT 2RIGEBC ODRHERTH S
o BT TICRT LI, MEEBOOFKREL VX1 00FE/KRE 19 (R
GIE) ICEVYEGE 1 asBEBLARERTEO 152HBAZEDTHD, BIF
FF6 1L, CCDEVHHWMICMOSEVHTH B,

AL NI, BEL VX1 ODBRELNFVDT, BIFRTFE61&LT
BERBOZWVRERTF 6 1 2RAT DI &ICLY, RIEEEB 6 02 SRKE
DEDETBHIENTED, £, BEL UV XTO0DL Y IRDERNLD
BWOT, RIEEE6O0%Z/NELTZIENTES, b, REEEG6O0IC
T, |EL > X20, 30, 40, 50%BEL VX1 0 EEMKRICERET 2
ZENTE, COBBICERABKONRERD I ENTE D,
= D&
10-20-30-40-50 #BEKL¥IEHHEA
117-21-31-41-51 E1¥EL VX
12-22:-32-42-52 HE2¥L VX
13-23-33-43-53 &HE3EL VX
14-24-34-44-54 E4BL VX
17-27-37-47-57 #Y
18-28-38-48-58 AN—HIZ
19-29-39-49-59 {#&m@

60 RGEE
61 ®‘ERT
6la TrHm
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[E5KIR1]

[E5KIR2]

[E53KIR3]

B oK D E
ME AL SRAICAED > TBICEBIh, BONT—%2FT 58
TBHLVX EONT—%2BT2HE2HL VX, AONRNT—%2EFT 3
EIBHLVX, BLU. EONRNTV—%ZFTEHELEL VINLRY,
HIEESE 1L VX, BONT—%2HTH1HMOL VX, EiE,
ENENDNEDONRNT—%2FTE2HOL VXHB718Y,
RIECE2BEL VY XE, EONRT—%5FT 2 1HMOL VR, Fiid,
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RIS 1L Y X5 BRI DL VX, BAIL Y XEICMFIR % E
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AIEESB 2L Y XICBVWTHIESE 3B L Y XICHEREINTWD
Lo X, &AL Y ZEICOTIREE A
RIECE 3BEL v Xid. MHAIL ¥ XEICMPIR & A
AIEEEE 2B L Vv X, RIRCEIEL VX, RISBL4EL VY XEBEKT
5LYADHDEDHRLEHETHOL U XUE, MEREIL Y XES LT
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1. 0sff2/f=2. 0 (1)

ERBE1ICBWT,
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(3) Zimlkd & aRBETDEAL VX,
0. 6=ff4, /f=2. 0 (3)
[55KI1E4] BRE1LZVWL3IDIBEOVWTNIADIBICSEWVWT,
BISBE2BL Vv XE, TyRBHSP40UEDL v X %BATH Y,
AIEEE 3L VXL, PyYREAIEUTOL Y X EBATWSD
EERHMETDEAL VX,
[553KIE5] BERE1LZVWLADIBEOVWTNIHADIBICHEWVWT,
SAEAMN100° ULETHEIEEFHETIEAL VX,
[E5K1E6] BERE1RWLEDOIBEOWVWT O DIRICEHDEAL VX &,
AIELAAL Y ADESRNMBICEBEINLRERTEAET DI L%
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[201347H19H (19.07.2013 ) EREHEZIE]
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MR 1IHFEL X, AoV =2 B35 10X, £k, #hE
NIRADNANT =2 HFTH2HOLV AnbE7R0D

A 2L X, EORNY =235 1oL X, £k, #h®
NIREDNANT =2 HFT 52OV AnbE720

RIREH 3Ly AL, AONRNT =2 HT 51O Ahbizh,
RIRE ALY X T, EORT—2BFT5 1RO XNnbR0
RIRLES 1 BEL XM T 5 L v Xid, &AL > Xmic MR 2 6 % |
AL 2 B L A BWTHIRL A 3L v AICHE#EEE S L TS L X
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b —FHFoLry AmMRIFEKEERE SN TR,

RiFRH AL AEMET 5L T, ML AR L OB L X
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—2. 0=ff2/ff3=—1. 0 (2)
[FERTE 3] #WRE1FEFZEF2ICBVT,
IR 4BV ROMEAHEELZ f f 4L L &EiC, LFOE&MER (3)
AWl T 2L ERBETOIRAL X,
0. 6=ffa4,/1=2. 0 (3)
[fERKE4] WBRKRE12VWL3IOIBOVWTRMOHIZE VT,
AL 2B L X, Ty P40 ED L X EHELZTEY,
AR 3L AL, Ty _XEB3S5LUTOL Uy A% TWD I &5
WEFTDIRAL X,
(k5] #WRKE1ZR2WVWLADIHBDOWTHNDIHEIZE VT,
SABEAN100° LETHLIZ LERFMETHILAL R,
[fEkmE 6] FHREIZWVWLEDIHLDONTRNOHBEIZHRBEOILAL X L
AREA Ly AOEAMECEE SN EZRGERZETL2E8 T2 L 2 HHE

TORGBIEE,

MIES Nl (FHFE195)
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