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IMAGING LENS, OPTICAL APPARATUS
EQUIPPED THEREWITH, AND METHOD
FOR MANUFACTURING IMAGING LENS

[0001] The disclosure of the following priority applications
are herein incorporated by reference:

[0002] Japanese Patent Application No. 2010-104444 filed
on Apr. 28, 2010,

[0003] Japanese Patent Application No. 2010-104450 filed
on Apr. 28, 2010,

[0004] Japanese Patent Application No. 2010-104461 filed
on Apr. 28, 2010.

[0005] Japanese Patent Application No. 2011-089196 filed
on Apr. 13, 2011,

[0006] Japanese Patent Application No. 2011-089204 filed
on Apr. 13, 2011, and

[0007] Japanese Patent Application No. 2011-089211 filed
on Apr. 13, 2011.

BACKGROUND OF THE INVENTION

[0008] 1. Field of the Invention

[0009] The present invention relates to an imaging lens, an
optical apparatus equipped with the imaging lens, and a
method for manufacturing the imaging lens.

[0010] 2. Related Background Art

[0011] A compact imaging lens suitable for a photographic
camera, a video camera, and the like having an angle of view
of'about 50 degrees and relatively small value of an f-number
has been proposed. Moreover, in such an imaging lens, there
has been known a lens configuration including, in order from
an object side, a first lens group composed of a negative lens
and a positive lens, an aperture stop, and a second lens group
composed of a cemented lens constructed by a negative lens
cemented with a positive lens, and a positive lens, for
example, Japanese Patent Application Laid-Open No.
9-189856.

[0012] However,insucha conventional imaging lens, when
the whole lens is moved for focusing, the total lens length
becomes long upon focusing from an infinity object to a close
object. Moreover, various aberrations cannot be sufficiently
corrected upon focusing on a close object.

[0013] Moreover, in a conventional camera equipped with
such an imaging lens, when the camera becomes small, thin
and lightweight, holding of the camera becomes difficult
resulting in increase in shooting error cause by a camera
shake or the like. In other words, the image is deteriorated by
an image blur during exposure caused by a minute camera
shake triggered by a hand movement occurred upon shooting
(for example, a camera shake generated upon depressing a
release button).

[0014] Accordingly, there has been known a method for
correcting an image blur with installing a driving system that
shifts a portion of lens as a shift lens group in a direction
perpendicular to an optical axis, a detection system that
detects a camera shake, and a calculation system that controls
the driving system on the basis of a detection result of the
detection system into such a conventional imaging lens.
[0015] However, in the above-described imaging lens
capable of correcting an image blur, there has been a problem
that various aberrations cannot be excellently corrected, and
optical performance varies upon shifting the shifting lens

group.
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SUMMARY OF THE INVENTION

[0016] The present invention is made in view of the above-
described problems and has an object to provide a compact
imaging lens having a large aperture and a wide angle of view
and excellent optical performance over entire image frame
with excellently correcting various aberrations upon focusing
on an infinity object to a close object with suppressing varia-
tion in optical performance upon shifting the shifting lens
group, an optical apparatus equipped with the imaging lens,
and a method for manufacturing the imaging lens. According
to a first aspect of the present invention, there is provided an
imaging lens comprising, in order from an object side: a first
lens group having positive refractive power; and a second lens
group having positive refractive power, a position of the first
lens group being fixed with respect to an image plane, the
second lens group consisting of a plurality of lens compo-
nents, and the following conditional expression (1) being
satisfied:

0.015</1<0.085 o)

where f denotes a focal length of the imaging lens, and fl1
denotes a focal length of the first lens group.

[0017] According to a second aspect of the present inven-
tion, there is provided an optical apparatus equipped with the
imaging lens according to the first aspect.

[0018] According to a third aspect of the present invention,
there is provided an imaging lens comprising, in order from
an object side: a first lens group having positive refractive
power; and a second lens group having positive refractive
power, the first lens group consisting of a single lens compo-
nent, the second lens group consisting of, in order from the
object side, a front lens group, an aperture stop, and a rear lens
group, and at least a portion of the second lens group being
moved as a shift lens group in a direction including a com-
ponent perpendicular to an optical axis.

[0019] According to a fourth aspect of the present inven-
tion, there is provided an optical apparatus equipped with the
imaging lens according to third aspect.

[0020] According to a fifth aspect of the present invention,
there is provided an imaging lens comprising, in order from
an object side: a first lens group having positive refractive
power; and a second lens group having positive refractive
power, the first lens group consisting of a single positive lens
component having convex surface facing an image side, the
second lens group consisting of, in order from the object side,
a negative meniscus lens having a convex surface facing the
object side, a positive lens having a convex surface facing the
object side, an aperture stop, a cemented lens constructed by
anegative lens having a concave surface facing the object side
cemented with a positive lens having a convex surface facing
the image side, and a positive lens, and at least a portion of the
second lens group being moved along an optical axis, thereby
carrying out focusing from an infinity object to a close object.
[0021] According to a sixth aspect of the present invention,
there is provided an optical apparatus equipped with the
imaging lens according to fifth aspect.

[0022] According to a seventh aspect of the present inven-
tion, there is provided a method for manufacturing an imag-
ing lens including, in order from an object side, a first lens
group having positive refractive power and a second lens
group having positive refractive power, the method compris-
ing steps of: disposing the second lens group with consisting
of'a plurality of lens components; disposing the imaging lens
with satisfying the following conditional expression (1):
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0.015</1<0.085 o)

where f denotes a focal length of the imaging lens, and f1
denotes a focal length of the first lens group; and fixing a
position of the first lens group with respect to the image plane.
[0023] According to an eighth aspect of the present inven-
tion, there is provided a method for manufacturing an imag-
ing lens including, in order from the object side, a first lens
group having positive refractive power and a second lens
group having positive refractive power, the method compris-
ing steps of: disposing the first lens group with a single lens
component; disposing the second lens group consisting of, in
order from the object side, a front lens group, an aperture stop,
and a rear lens group; and moving at least a portion of the
second lens group as a shift lens group in a direction including
a component perpendicular to an optical axis.

[0024] According to a ninth aspect of the present invention,
there is provided a method for manufacturing an imaging lens
including, in order from an object side, a first lens group
having positive refractive power and a second lens group
having positive refractive power, the method comprising
steps of: disposing the first lens group with a single positive
lens component having a convex surface facing an image
side; disposing the second lens group consisting of, in order
from the object side, a negative meniscus lens having a con-
vex surface facing the object side, a positive lens having a
convex surface facing the object side, an aperture stop, a
cemented lens constructed by a negative lens having a con-
cave surface facing the object side cemented with a positive
lens having a convex surface facing the image side, and a
positive lens; and moving at least a portion of the second lens
group along an optical axis, thereby carrying out focusing
from an infinity object to a close object.

[0025] The present invention makes it possible to provide a
compact imaging lens having a large aperture and a wide
angle of view and excellent optical performance over entire
image frame with excellently correcting various aberrations
upon focusing on an infinity object to a close object with
suppressing variation in optical performance upon shifting
the shifting lens group, an optical apparatus equipped with the
imaging lens, and a method for manufacturing the imaging
lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 1 of a first
embodiment of the present application.

[0027] FIGS. 2A and 2B are graphs showing various aber-
rations of the imaging lens according to Example 1 of the first
embodiment, in which FIG. 2A is upon focusing on an infinity
object, and FIG. 2B is upon focusing on a close shooting
distance.

[0028] FIG. 3 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 2 of the first
embodiment of the present application.

[0029] FIGS. 4A and 4B are graphs showing various aber-
rations of the imaging lens according to Example 2 of the first
embodiment, in which FIG. 4A is upon focusing on an infinity
object, and FIG. 4B is upon focusing on a close shooting
distance.

[0030] FIG. 5 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 3 of the first
embodiment of the present application.
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[0031] FIGS. 6A and 6B are graphs showing various aber-
rations of the imaging lens according to Example 3 of the first
embodiment, in which FIG. 6 A is upon focusing on an infinity
object, and FIG. 6B is upon focusing on a close shooting
distance.

[0032] FIG. 7 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 4 of the first
embodiment of the present application.

[0033] FIGS. 8A and 8B are graphs showing various aber-
rations of the imaging lens according to Example 4 of the first
embodiment, in which FIG. 8A is upon focusing on an infinity
object, and FIG. 8B is upon focusing on a close shooting
distance.

[0034] FIG. 9 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 5 of the first
embodiment of the present application.

[0035] FIGS. 10A and 10B are graphs showing various
aberrations of the imaging lens according to Example 5 of the
first embodiment, in which FIG. 10A is upon focusing on an
infinity object, and FIG. 10B is upon focusing on a close
shooting distance.

[0036] FIG. 11 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 6 of the first
embodiment of the present application.

[0037] FIGS. 12A and 12B are graphs showing various
aberrations of the imaging lens according to Example 6 of the
first embodiment, in which FIG. 12A is upon focusing on an
infinity object, and FIG. 12B is upon focusing on a close
shooting distance.

[0038] FIG. 13 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 7 of the first
embodiment of the present application.

[0039] FIGS. 14A and 14B are graphs showing various
aberrations of the imaging lens according to Example 7 of the
first embodiment, in which FIG. 14A is upon focusing on an
infinity object, and FIG. 14B is upon focusing on a close
shooting distance.

[0040] FIG. 15 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 8 of a second
embodiment of the present application.

[0041] FIGS. 16A, 16B and 16C are graphs showing vari-
ous aberrations of the imaging lens according to Example 8 of
the second embodiment, in which FIG. 16A is upon focusing
on an infinity object, FIG. 16B is upon focusing on a close
shooting distance, and FIG. 16C shows coma upon vibration
reduction.

[0042] FIG. 17 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 9 of the
second embodiment of the present application.

[0043] FIGS. 18A, 18B and 18C are graphs showing vari-
ous aberrations of the imaging lens according to Example 9 of
the second embodiment, in which FIG. 18A is upon focusing
on an infinity object, FIG. 18B is upon focusing on a close
shooting distance, and FIG. 18C shows coma upon vibration
reduction.

[0044] FIG. 19 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 10 of the
second embodiment of the present application.

[0045] FIGS. 20A, 20B and 20C are graphs showing vari-
ous aberrations of the imaging lens according to Example 10
of'the second embodiment, in which FIG. 20A is upon focus-
ing on an infinity object, FIG. 20B is upon focusing on a close
shooting distance, and FIG. 20C shows coma upon vibration
reduction.
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[0046] FIG. 21 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 11 of the
second embodiment of the present application.

[0047] FIGS. 22A, 22B and 22C are graphs showing vari-
ous aberrations of the imaging lens according to Example 11
of'the second embodiment, in which FIG. 22A is upon focus-
ing on an infinity object, FIG. 22B is upon focusing on a close
shooting distance, and FI1G. 22C shows coma upon vibration
reduction.

[0048] FIG. 23 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 12 of the
second embodiment of the present application.

[0049] FIGS. 24A, 24B and 24C are graphs showing vari-
ous aberrations of the imaging lens according to Example 12
of'the second embodiment, in which FIG. 24 A is upon focus-
ing on an infinity object, FIG. 24B is upon focusing on a close
shooting distance, and FI1G. 24C shows coma upon vibration
reduction.

[0050] FIG. 25 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 13 of the
second embodiment of the present application.

[0051] FIGS. 26A, 26B and 26C are graphs showing vari-
ous aberrations of the imaging lens according to Example 13
of'the second embodiment, in which FIG. 26 A is upon focus-
ing on an infinity object, FIG. 26B is upon focusing on a close
shooting distance, and FI1G. 26C shows coma upon vibration
reduction.

[0052] FIG. 27 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 14 of the
second embodiment of the present application.

[0053] FIGS. 28A, 28B and 28C are graphs showing vari-
ous aberrations of the imaging lens according to Example 14
of'the second embodiment, in which FIG. 28 A is upon focus-
ing on an infinity object, FIG. 28B is upon focusing on a close
shooting distance, and FI1G. 28C shows coma upon vibration
reduction.

[0054] FIGS. 29A and 29B are diagrams showing an elec-
tronic camera according to the present application, in which
FIG. 29A is a front view and FIG. 29B is a rear view

[0055] FIG. 30 is a sectional view along A-A' line in FIG.
29A.
[0056] FIG. 31 is a flowchart showing a method for manu-

facturing an imaging lens according to the first embodiment
of the present embodiment.

[0057] FIG. 32 is a flowchart showing a method for manu-
facturing an imaging lens seen from another point of view
according to the first embodiment of the present application.
[0058] FIG. 33 is a flowchart showing a method for manu-
facturing an imaging lens according to the second embodi-
ment of the present application.

DESCRIPTION OF THE MOST PREFERRED
EMBODIMENT

First Embodiment

[0059] An imaging lens, an optical apparatus equipped
with the imaging lens and a method for manufacturing the
imaging lens according to a first embodiment of the present
application are explained below.

[0060] An imaging lens according to the first embodiment
of the present application includes, in order from an object
side, a first lens group having positive refractive power and a
second lens group having positive refractive power. A posi-
tion of the first lens group is fixed with respect to an image
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plane. The second lens group is composed of a plurality of
lens components. The following conditional expression (1) is
satisfied:

0.015</7/1<0.085 o)

where f denotes a focal length of the imaging lens, and fl1
denotes a focal length of the first lens group.

[0061] As described above, an imaging lens according to
the first embodiment of the present application includes, in
order from the object side, the first lens group having positive
refractive power and the second lens group having positive
refractive power, the position of the first lens group is fixed
with respect to the image plane, and the second lens group is
composed of a plurality of lens components. With this lens
configuration, it becomes possible to realize a compact imag-
ing lens having excellent optical performance. Incidentally, a
lens component is defined as a single lens or a cemented lens
constructed by cementing two lenses or more.

[0062] In an imaging lens according to the first embodi-
ment of the present application, with satisfying conditional
expression (1) under the configuration described above,
spherical aberration and coma generated in the first lens
group alone can be suppressed minimally.

[0063] Conditional expression (1) defines the focal length
of'the first lens group and the focal length of the imaging lens.
[0064] When the ratio f/f1 is equal to or exceeds the upper
limit of conditional expression (1), spherical aberration and
coma generated in the first lens group alone become large, so
that it becomes difficult to correct these aberrations. In order
to secure the effect of the present application, it is preferable
to set the upper limit of conditional expression (1) to 0.080. In
order to further secure the effect of the present application, it
is most preferable to set the upper limit of conditional expres-
sion (1) to 0.075.

[0065] On the other hand, when the ratio f/f1 is equal to or
falls below the lower limit of conditional expression (1), the
focal length of the first lens group becomes large, and the total
lens length of the imaging lens becomes large, so that it
becomes opposite to the intension of the present application.
Moreover, when the total lens length of the imaging lens is to
be secured, coma and curvature of field become worse, so that
it is undesirable. In order to secure the effect of the present
application, it is preferable to set the lower limit of condi-
tional expression (1) to 0.020. In order to further secure the
effect of the present application, it is most preferable to set the
lower limit of conditional expression (1) to 0.025.

[0066] With the configuration described above, it becomes
possible to realize a compact imaging lens having a large
aperture, a wide angle of view and excellent optical perfor-
mance over entire image frame with excellently correcting
various aberrations upon focusing on an infinity object to a
close object.

[0067] In an imaging lens according to the first embodi-
ment of the present application, the first lens group is prefer-
ably composed of a single positive lens component having a
convex surface facing the object side. With this configuration,
an imaging lens according to the present application makes it
possible to realize further excellent optical performance.
[0068] In an imaging lens according to the first embodi-
ment of the present application, the single positive lens com-
ponent is preferably a single lens. With this lens configura-
tion, it becomes possible to excellently correct distortion and
curvature of field generated in the whole lens system of the
imaging lens.
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[0069] In an imaging lens according to the first embodi-
ment of the present application, at least a portion of the second
lens group is preferably moved to the object side, thereby
carrying out focusing from an infinity object to a close object.
With this configuration, a moving amount of the focusing lens
group toward the object side upon focusing becomes
extremely small, so that variation in spherical aberration and
curvature of field can be excellently suppressed. Moreover,
interference between lenses and mechanical parts that hold
lenses can be prevented. In particular, when the whole of the
second lens group is made to be the focusing lens group, the
driving mechanism can be simplified. Moreover, when a por-
tion of the second lens group is made to be the focusing lens
group, since the focusing lens group can be lightened,
response speed for focusing can be increased.

[0070] In an imaging lens according to the first embodi-
ment of the present application, the following conditional
expression (2) is preferably satisfied:

0.015</2//1<0.085 )

where f1 denotes a focal length of the first lens group, and £2
denotes a focal length of the second lens group.

[0071] Conditional expression (2) defines the focal length
of' the first lens group and the focal length of the second lens
group. With satisfying conditional expression (2), an imaging
lens according to the first embodiment of the present appli-
cation makes it possible to excellently correct curvature of
field, spherical aberration, coma and spherical aberration
generated in the first lens group, and coma generated in the
second lens group.

[0072] When the ratio £2/f1 is equal to or exceeds the upper
limit of conditional expression (2), refractive power of the
first lens group becomes relatively strong, so that it becomes
difficult to correct spherical aberration and coma generated in
the first lens group alone. Moreover, refractive power of the
second lens group becomes relatively weak, so that curvature
of field cannot be excellently corrected. Accordingly, it is
undesirable. In order to secure the effect of the present appli-
cation, it is preferable to set the upper limit of conditional
expression (2) to 0.080. In order to further secure the effect of
the present application, it is most preferable to set the upper
limit of conditional expression (2) to 0.075.

[0073] On the other hand, when the ratio £2/f1 is equal to or
falls below the lower limit of conditional expression (2),
refractive power of the first lens group becomes relatively
weak, so that correction of spherical aberration becomes
insufficient. Accordingly, it is undesirable. Moreover, refrac-
tive power of the second lens group becomes relatively
strong, so that coma generated in the second lens group
becomes excessively large. Accordingly, the purpose of the
present application to obtain excellent optical performance
cannot be achieved. In order to secure the effect of the present
application, it is preferable to set the lower limit of condi-
tional expression (2) to 0.020. In order to further secure the
effect of the present application, it is most preferable to set the
lower limit of conditional expression (2) to 0.025.

[0074] In an imaging lens according to the first embodi-
ment of the present application, in order to harmonize higher
optical performance with compactness, the second lens group
preferably includes at least one aspherical surface. With this
configuration, spherical aberration and curvature of field can
be excellently corrected.
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[0075] In an imaging lens according to the first embodi-
ment of the present application, the following conditional
expression (3) is preferably satisfied:

0.80</2<1.10 3)

where f denotes a focal length of the imaging lens, and f2
denotes a focal length of the second lens group.

[0076] Conditional expression (3) defines the focal length
of the imaging lens and the focal length of the second lens
group. With satisfying conditional expression (3), an imaging
lens according to the first embodiment of the present appli-
cation makes it possible to excellently correct spherical aber-
ration generated in the second lens group alone.

[0077] When the ratio f/f2 is equal to or exceeds the upper
limit of conditional expression (3), refractive power of the
second lens group becomes strong, so that spherical aberra-
tion generated in the second lens group alone becomes large.
Accordingly, it is undesirable. In order to secure the effect of
the present application, it is preferable to set the upper limit of
conditional expression (3) to 1.075. In order to further secure
the effect of the present application, it is most preferable to set
the upper limit of conditional expression (3) to 1.05.

[0078] On the other hand, when the ratio /{2 is equal to or
falls below the lower limit of conditional expression (3),
refractive power of the second lens group becomes weak, so
that the second lens group does not become afocal. Accord-
ingly, when a portion of the imaging lens is shifted in a
direction including a component perpendicular to the optical
axis so as to carry out vibration reduction, variation in curva-
ture of field upon vibration reduction becomes large. In order
to secure the effect of the present application, it is preferable
to set the lower limit of conditional expression (3) to 0.85. In
order to further secure the effect of the present application, it
is most preferable to set the lower limit of conditional expres-
sion (3) to 0.90.

[0079] In an imaging lens according to the first embodi-
ment of the present application, in order to harmonize higher
optical performance with compactness, the second lens group
preferably includes, in order from the object side, a negative
meniscus lens having a convex surface facing the object side,
a positive meniscus lens having a convex surface facing the
object side, an aperture stop, a cemented lens constructed by
anegative lens having a concave surface facing the object side
cemented with a positive lens having a convex surface facing
an image side, and a positive lens. With this configuration,
spherical aberration, curvature of field, and coma can be
excellently corrected.

[0080] In an imaging lens according to the first embodi-
ment of the present application, the following conditional
expression (4) is preferably satisfied:

2.50<(r3F+r2R)/(¥3F-r2R)<3.80 )

where r2R denotes a radius of curvature of the image side
surface of the most object side lens component in the second
lens group, and r3F denotes a radius of curvature of a lens
surface adjacent to the image side of the image side surface.
[0081] Conditional expression (4) is for excellently cor-
recting coma and curvature of field generated in the second
lens group alone. With satisfying conditional expression (4),
an imaging lens according to the first embodiment of the
present application makes it possible to minimally suppress
coma and curvature of field generated in the second lens
group alone.

[0082] When the value (r3F+r2R)/(r3F-r2R) is equal to or
exceeds the upper limit of conditional expression (4), coma
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and curvature of field generated in the second lens group
alone cannot be corrected. Moreover, distortion increases, so
that it is undesirable. In order to secure the effect of the
present application, it is preferable to set the upper limit of
conditional expression (4) to 3.70. In order to further secure
the effect of the present application, it is most preferable to set
the upper limit of conditional expression (4) to 3.60.

[0083] On the other hand, when the value (r3F+r2R)/(r3F-
r2R) is equal to or falls below the lower limit of conditional
expression (4), coma generated in the second lens group alone
becomes excessively large, so that optical performance upon
focusing on a close object becomes worse. Accordingly, it is
undesirable. In order to secure the effect of the present appli-
cation, it is preferable to set the lower limit of conditional
expression (4) to 2.60. In order to further secure the effect of
the present application, it is most preferable to set the lower
limit of conditional expression (4) to 2.70.

[0084] In an imaging lens according to the first embodi-
ment of the present application, in order to harmonize higher
optical performance with compactness, the most object side
lens component in the second lens group preferably includes
at least one aspherical surface. With this configuration,
spherical aberration and curvature of field can be excellently
corrected, and higher optical performance and compactness
can be harmonized.

[0085] In an imaging lens according to the first embodi-
ment of the present application, in order to accomplish higher
optical performance, the plurality of lens components in the
second lens group preferably include at least one positive lens
component, and the most object side positive lens component
in the at least one positive lens component preferably includes
at least one aspherical surface. With this configuration, varia-
tions in distortion and curvature of field generated upon
focusing can be excellently corrected.

[0086] In an imaging lens according to the first embodi-
ment of the present application, the following conditional
expression (5) is preferably satisfied:

1.55<TL/5d<1.75 )

where TL denotes a total lens length of the imaging lens, and
2d denotes a distance along an optical axis between the most
object side lens surface in the first lens group and the most
image side lens surface in the second lens group.

[0087] Conditional expression (5) defines an appropriate
total lens length of the imaging lens. With satisfying condi-
tional expression (5), an imaging lens according to the first
embodiment of the present application makes it possible to
harmonize high optical performance with compactness.
[0088] When the ratio TL/2d is equal to or exceeds the
upper limit of conditional expression (5), the total lens length
of the imaging lens becomes large. Accordingly, it becomes
impossible to harmonize high optical performance with com-
pactness, so that it becomes opposite to the intension of the
present application. Accordingly, it is undesirable. When the
total lens length of the imaging lens is to be secured, coma and
curvature of field become worse, so that it is undesirable. In
order to secure the effect of the present application, it is
preferable to set the upper limit of conditional expression (5)
to 1.74. In order to further secure the effect of the present
application, it is most preferable to set the upper limit of
conditional expression (5) to 1.72.

[0089] On the other hand, when the ratio TL./Zd is equal to
or falls below the lower limit of conditional expression (5),
although it is effective for downsizing the imaging lens,
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spherical aberration, coma and curvature of field generated in
the whole system of the imaging lens cannot be excellently
corrected, so that it is undesirable. Moreover, the back focal
length cannot be made larger. In order to secure the effect of
the present application, it is preferable to set the lower limit of
conditional expression (5) to 1.60. In order to further secure
the effect of the present application, it is most preferable to set
the lower limit of conditional expression (5) to 1.65.

[0090] In an imaging lens according to the first embodi-
ment of the present application, the following conditional
expression (6) is preferably satisfied:

4.00<TL/¥max<5.00 (6)

where TL denotes a total lens length of the imaging lens, and
Ymax denotes the maximum image height of the imaging
lens.

[0091] Conditional expression (6) defines an appropriate
total lens length of the imaging lens. With satisfying condi-
tional expression (6), an imaging lens according to the first
embodiment of the present application makes it possible to
harmonize high optical performance with further compact-
ness.

[0092] When the ratio TL/Ymax is equal to or exceeds the
upper limit of conditional expression (6), the total lens length
of the imaging lens becomes large. Accordingly, it becomes
impossible to harmonize high optical performance with com-
pactness, so that it becomes opposite to the intension of the
present application. Accordingly, it is undesirable. When the
total lens length of the imaging lens is to be secured, coma and
curvature of field become worse, so that it is undesirable. In
order to secure the effect of the present application, it is
preferable to set the upper limit of conditional expression (6)
to 4.85. In order to further secure the effect of the present
application, it is most preferable to set the upper limit of
conditional expression (6) to 4.70.

[0093] On the other hand, when the ratio TL/Ymax is equal
to or falls below the lower limit of conditional expression (6),
although it is effective for downsizing, spherical aberration,
coma and curvature of field generated in the whole system of
the imaging lens cannot be excellently corrected, so that it is
undesirable. In order to secure the effect of the present appli-
cation, it is preferable to set the lower limit of conditional
expression (6) to 4.20. In order to further secure the effect of
the present application, it is most preferable to set the lower
limit of conditional expression (6) to 4.40.

[0094] Inanimaging lens according to the present applica-
tion, in order to realize higher optical performance, an aper-
ture stop is preferably disposed in the second lens group. With
this configuration, refractive power distribution in the second
lens group becomes close to a symmetric type, which is, in
order from the object side, a lens group having positive refrac-
tive power, an aperture stop, and a lens group having positive
refractive power, so that it becomes possible to excellently
correct curvature of field and distortion.

[0095] An optical apparatus according to the first embodi-
ment of the present application is characterized by including
the imaging lens described above. With this configuration, it
becomes possible to realize a compact optical apparatus hav-
ing a large aperture and a wide angle of view and excellent
optical performance over entire image frame with excellently
correcting various aberrations upon focusing on an infinity
object to a close object.

[0096] Moreover, a method for manufacturing an imaging
lens according to the first embodiment of the present appli-



US 2015/0185496 Al

cation is a method for manufacturing an imaging lens includ-
ing, in order from an object side, a first lens group having
positive refractive power, and a second lens group having
positive refractive power, the method comprising steps of:
[0097] disposing the second lens group with a plurality of
lens components;

[0098] disposing the imaging lens with satistying the fol-
lowing conditional expression (1):

0.015</1<0.085 o)

where f denotes a focal length of the imaging lens, and f1
denotes a focal length of the first lens group; and

[0099] fixing a position of the first lens group with respect
to an image plane.

[0100] With this method for manufacturing animaging lens
according to the present application, it becomes possible to
manufacture a compact imaging lens having a large aperture
and a wide angle of view and excellent optical performance
over entire image frame with excellently correcting various
aberrations upon focusing on an infinity object to a close
object.

[0101] Then, an imaging lens, an optical apparatus
equipped with the imaging lens, and a method for manufac-
turing the imaging lens seen from another point of view
according to the first embodiment of the present application
are explained below.

[0102] An imaging lens seen from another point of view
according to the first embodiment of the present application
includes, in order from an object side, a first lens group having
positive refractive power and a second lens group having
positive refractive power. The first lens group consists of a
single positive lens component having a convex surface fac-
ing an image side. The second lens group consists of, in order
from the object side, a negative meniscus lens having a con-
vex surface facing the object side, a positive lens having a
convex surface facing the object side, an aperture stop, a
cemented lens constructed by a negative lens having a con-
cave surface facing the object side cemented with a positive
lens having a convex surface facing the image side, and a
positive lens. At least a portion of the second lens group is
moved along the optical axis, thereby carrying out focusing
from an infinity object to a close object.

[0103] As described above, an imaging lens seen from
another point of view according to the first embodiment of the
present application includes, in order from an object side, the
first lens group having positive refractive power and the sec-
ond lens group having positive refractive power. The first lens
group consists of the single positive lens component having a
convex surface facing an image side. The second lens group
consists of, in order from the object side, the negative menis-
cus lens having a convex surface facing the object side, the
positive lens having a convex surface facing the object side,
the aperture stop, the cemented lens constructed by the nega-
tive lens having a concave surface facing the object side
cemented with the positive lens having a convex surface
facing the image side, and a positive lens. With this configu-
ration, it becomes possible to realize a compact imaging lens
having a wide-angle of view and excellent optical perfor-
mance. Incidentally, a lens component is defines as a single
lens or a cemented lens constructed by cementing two lenses
or more.

[0104] As described above, in an imaging lens seen from
another point of view according to the first embodiment of the
present application, at least a portion of the second lens group
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is moved along the optical axis, thereby carrying out focusing
from an infinity object to a close object. With this configura-
tion, since a moving amount of the focusing lens group
toward object side upon focusing becomes small, variations
in spherical aberration and curvature of field can be excel-
lently suppressed. Moreover, interference between lenses and
mechanical parts that holds lenses can be prevented. In par-
ticular, when the whole of the second lens group is made to be
the focusing lens group, the driving mechanism can be sim-
plified. Moreover, when a portion of the second lens group is
made to be the focusing lens group, since the focusing lens
group can be lightened, response speed for focusing can be
increased.

[0105] With the configuration described above, it becomes
possible to realize a compact imaging lens having a large
aperture, a wide angle of view and excellent optical perfor-
mance over entire image frame with excellently correcting
various aberrations upon focusing on an infinity object to a
close object.

[0106] Inanimaging lens seen from another point of view
according to the first embodiment of the present application,
the single positive lens component is preferably a single lens.
With this configuration, distortion and curvature of field gen-
erated in the imaging lens can be excellently corrected.
[0107] Inanimaging lens seen from another point of view
according to the first embodiment of the present application,
in order to realize higher optical performance, the position of
the first lens group is preferably fixed with respect to the
image plane. With this configuration, distortion and curvature
of field generated in the imaging lens can be excellently
corrected. Moreover, even if external force is inadvertently
applied upon using the imaging lens, a moving portion of the
imaging lens can be protected.

[0108] Inanimaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (2) is preferably satis-
fied:

0.015</2//1<0.085 )

where f1 denotes a focal length of the first lens group, and f2
denotes a focal length of the second lens group.

[0109] Conditional expression (2) defines the focal length
of'the first lens group and the focal length of the second lens
group. However, conditional expression (2) has already been
explained above, so that duplicated explanations are omitted.
[0110] Inanimaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (1) is preferably satis-
fied:

0.015</1<0.085 o)

where f denotes a focal length of the imaging lens, and fl1
denotes a focal length of the first lens group.

[0111] Conditional expression (1) defines the focal length
of'the first lens group and the focal length of the imaging lens.
However, conditional expression (1) has already been
explained above, so that duplicated explanations are omitted.
[0112] Inanimaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (4) is preferably satis-
fied:

2.50<(r3F+r2R)/(¥3F-r2R)<3.80 )

where r2R denotes a radius of curvature of the image side
surface of the most object side negative meniscus lens in the
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second lens group, and r3F denotes a radius of curvature of a
lens surface adjacent to the image side of the image side
surface.

[0113] Conditional expression (4) is for excellently cor-
recting coma and curvature of field generated in the second
lens group alone. However, conditional expression (4) has
already been explained above, so that duplicated explanations
are omitted.

[0114] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (3) is preferably satis-
fied:

0.80</2<1.10 3)

where f denotes a focal length of the imaging lens, and 2
denotes a focal length of the second lens group.

[0115] Conditional expression (3) defines the focal length
of the imaging lens and the focal length of the second lens
group. However, conditional expression (3) has already been
explained above, so that duplicated explanations are omitted.
[0116] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (5) is preferably satis-
fied:

1.55<TL/5d<1.75 )

where TL denotes a total lens length of the imaging lens, and
2d denotes a distance along an optical axis between the most
object side lens surface in the first lens group and the most
image side lens surface in the second lens group.

[0117] Conditional expression (5) defines an appropriate
total lens length of the imaging lens. However, conditional
expression (5) has already been explained above, so that
duplicated explanations are omitted.

[0118] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
the following conditional expression (6) is preferably satis-
fied:

4.00<TL/¥max<5.00 (6)

where TL denotes a total lens length of the imaging lens, and
Ymax denotes the maximum image height of the imaging
lens.

[0119] Conditional expression (6) defines an appropriate
total lens length of the imaging lens. However, conditional
expression (6) has already been explained above, so that
duplicated explanations are omitted.

[0120] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
in order to harmonize higher optical performance with com-
pactness, the second lens group preferably includes at least
one aspherical surface. With this configuration, spherical
aberration and curvature of field can be excellently corrected.
[0121] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
in order to harmonize high optical performance with com-
pactness, the negative meniscus lens disposed to the most
object side in the second lens group preferably includes at
least one aspherical surface. With this configuration, spheri-
cal aberration and curvature of field can be excellently cor-
rected and high optical performance and compactness can be
harmonized.

[0122] Inan imaging lens seen from another point of view
according to the first embodiment of the present application,
in order to realize higher optical performance, the positive
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lens disposed to the most image side in the second lens group
preferably includes at least one aspherical surface. With this
configuration, distortion and curvature of field generated
upon focusing can be excellently corrected.

[0123] An optical apparatus seen from another point of
view according to the first embodiment of the present appli-
cation is equipped with the above-described imaging lens.
With this configuration, it becomes possible to realize a com-
pact optical apparatus having a large aperture and a wide
angle of view and excellent optical performance over entire
image frame with excellently correcting various aberrations
upon focusing on an infinity object to a close object.

[0124] Then, a method for manufacturing an imaging lens
seen from another point of view according to the first embodi-
ment of the present application is a method for manufacturing
an imaging lens including, in order from an object side, a first
lens group having positive refractive power, and a second lens
group having positive refractive power, the method compris-
ing steps of:

[0125] disposing the first lens group with a single positive
lens component having a convex surface facing an image
side;

[0126] disposing the second lens group consisting of, in
order from the object side, a negative meniscus lens having a
convex surface facing the object side, a positive lens having a
convex surface facing the object side, an aperture stop, a
cemented lens constructed by a negative lens having a con-
cave surface facing the object side cemented with a positive
lens having a convex surface facing the image side, and a
positive lens; and

[0127] moving at least a portion of the second lens group
along an optical axis, thereby carrying out focusing from an
infinity object to a close object.

[0128] Withthis method for manufacturing animaging lens
seen from another point of view according to the first embodi-
ment of the present application, it becomes possible to manu-
facture a compact imaging lens having a large aperture and a
wide angle of view and excellent optical performance over
entire image frame with excellently correcting various aber-
rations upon focusing on an infinity object to a close object.

[0129] Then, an imaging lens according to each numerical
example of the first embodiment of the present application is
explained below with reference to accompanying drawings.

Example 1

[0130] FIG. 1 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 1 of the first
embodiment of the present application.

[0131] As shown in FIG. 1, the imaging lens according to
Example 1 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0132] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0133] The second lens group G2 is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, a positive meniscus lens
[22having a convex surface facing the object side, a first flare
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens
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123 cemented with a double convex positive lens [.24, and a
double convex positive lens [.25.

[0134] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0135] Incidentally, an unillustrated imaging device com-
posed of a CCD, or a CMOS is disposed on the image plane
1. This is the same in the other Examples explained later.
[0136] In the imaging lens according to Example 1, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0137] Various values associated with the imaging lens
according to Example 1 are listed in Table 1.

[0138] In (Specifications) in Table 1, f denotes a focal
length, FNO denotes an f-number, 2w denotes an angle of
view (unit: degree), Y denotes an image height, TL denotes a
total lens length, which is a distance along the optical axis
between the most object side lens surface of the first lens
group G1 and the image plane I, BF denotes a back focal
length, which is a distance along the optical axis between the
most image side lens surface in the second lens group G2 and
the image plane I, ACTL denotes an air converted value of the
total lens length, and ACBF denotes an air converted value of
the back focal length. In (Lens Data), the left most column “i”
shows an optical surface number counted in order from the
object side, the second column “r”” shows aradius of curvature
of an optical surface, the third column “d” shows a distance to
the next optical surface along an optical axis, the fourth col-
umn “nd” shows a refractive index at d-line (wavelength
A=587.6 nm), and the fifth column “vd” shows an Abbe
number at d-line (wavelength A=587.6 nm). In (Lens Data),
an aperture stop S, a first flare stopper FS1, and a second flare
stopper FS2 are shown. In the fourth column “nd” refractive
index of the air nd=1.000000 is omitted. In the second column
“r”’, r=""1indicates a plane surface.

[0139] An aspherical surface is expressed by the following
expression when y is a height in the direction vertical to the
optical axis, S(y) is a distance (sag amount) along the optical
axis from a tangent plane of a vertex of each aspherical
surface at the height y up to each aspherical surface, r is a
radius of curvature (paraxial radius of curvature) of a refer-
ence sphere, k is a conical coefficient and Cn is an n-th order
aspherical surface coefficient. Note that [E-n] represents
[x107] in the subsequent Examples:

SO=GAM1+(1=kxy? /) Y2+ Caxy + CEx 5+ C8x 5+
C10xy1°.

[0140] It should be noted that a second order aspherical
surface coefficient C2 is “0” in each of Examples.

[0141] In (Aspherical Surface Data), “E-n” denotes “x10~
»”, in which “n” is an integer, and for example “1.234E-05"
denotes “1.234x107>”. Each aspherical surface is expressed
in (Lens Data) by attaching “*” to the left side of the surface
number. In (Variable Distances), INF denotes upon focusing
on an infinity object, CLD denotes upon focusing on a close
object (shooting rang=0.5 m), and di (i is an integer) denotes
the surface distance of the i-th surface. In (Values for Condi-
tional Expressions), values for respective conditional expres-
sions are shown.

[0142] Inrespective tables for various values, “mm” is gen-
erally used for the unit of length such as the focal length, the
radius of curvature and the distance to the next lens surface.
However, since similar optical performance can be obtained
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by an optical system proportionally enlarged or reduced its
dimension, the unit is not necessarily to be limited to “mm”,
and any other suitable unit can be used.

[0143] The explanation of reference symbols is the same in
the other Examples.

TABLE 1

(Specifications)

f=10.30

FNO =2.92

2m =78.61

Y =820

TL =37.96

Bf=15.38

ACTL = 37.01

ACBF = 14.43
(Lens Data)

i T d nd vd
1 160.5145 1.55 1.48749 70.23
2 -160.5440 d2
3 26.1848 1.10 1.58913 61.16

*4 4.8842 3.95
5 9.0140 2.50 1.74950 35.28
6 79.5499 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.55 Aperture Stop S
9 @ 0.75 Flare Stopper FS2

10 -8.6375 1.20 1.80810 22.76

11 113.7348 2.50 1.75500 52.32

12 -10.6165 0.40

13 21.1214 2.95 1.59201 67.02

*14 -13.9521 d14

15 @ 0.50 1.51633 64.14

16 @ 1.11

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20

(Aspherical Surface Data)

Surface Number = 4

r=4.8842

K =+0.5528

C4 = +7.2260E-5

C6 = -3.0492E-6

C8 = +2.2154E-7
C10 = -7.9802E-10
Surface Number = 14

r=-13.9521
K=-11.4868

C4 =-3.0331E-4
C6 = +1.1991E-5
C8 = -1.9031E-7
C10 = +1.4300E-9

(Variable Distances)

INF CLD
d2 = 2.1334 1.9061
dl4= 10.5166 10.7439
d20= 0.6644 0.6644
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TABLE 1-continued

(Lens Group Data)

Group I Focal Length
1 1 164.9097
2 3 9.9988

(Values for Conditional Expressions)

£=10.3000

f1 = 164.9097
2=9.9988

2R = 4.8842

13F =9.0140

TL = 37.9644

=d =22.5834

Ymax = 8.2000

(1) /11 = 0.0625

(2) £2/f1 = 0.0606

(3) /12 = 1.0301

(4) (13F + ©2R)/(r3F — 12R) = 3.3653
(5) TL/d = 1.6811

(6) TL/Ymax = 4.6298

[0144] FIGS. 2A and 2B are graphs showing various aber-
rations of the imaging lens according to Example 1, in which
FIG. 2A is upon focusing on infinity, and FIG. 2B is upon
focusing on a close shooting distance.

[0145] In respective graphs, FNO denotes an f-number, A
denotes a half angle of view, NA denotes a numerical aper-
ture, HO denotes an object height. In graphs showing astig-
matism, a solid line indicates a sagittal image plane, and a
broken line indicates a meridional image plane. The explana-
tions of reference symbols are the same in the other
Examples.

[0146] Asisapparent from various graphs, the imaging lens
according to Example 1 shows superb optical performance as
a result of good corrections to various aberrations over entire
focusing range from infinity to a close object.

Example 2

[0147] FIG. 3 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 2 of the
present application.

[0148] As shown in FIG. 3, the imaging lens according to
Example 2 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0149] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0150] The second lens group G2 is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, a positive meniscus lens
[22having a convex surface facing the object side, a first flare
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens
123 cemented with a double convex positive lens [.24, and a
double convex positive lens [.25.

[0151] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0152] In the imaging lens according to Example 2, focus-
ing from an infinity object to a close object is carried out by
moving a portion of the second lens group (G2, in particular, a
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cemented lens constructed by the negative lens [.23 cemented
with the positive lens [.24, and the positive lens .25 in a body
along the optical axis toward the object side. Incidentally, the
position of the first lens group G1 is fixed with respect to the
image plane I.

[0153] Various values associated with the imaging lens
according to Example 2 are listed in Table 2.
TABLE 2
(Specifications)
£=10.30
FNO =2.92
2m =78.60
Y =28.20
TL =37.97
BF=15.46
ACTL =37.02
ACBF = 14.51
(Lens Data)

i T d nd vd
1 346.0582 1.20 1.60300 65.44
2 —346.0893 d2
3 24.3607 1.20 1.58313 59.38

*4 4.6967 3.70
5 9.3473 2.90 1.74950 35.28
6 305.1987 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.40 Aperture Stop S
9 @ d9 Flare Stopper FS2

10 -9.2201 1.00 1.80810 22.76

11 77.4450 2.70 1.75500 52.32

12 -10.9830 0.40

13 25.7154 2.95 1.59201 67.02

*14 -12.9856 di4

15 @ 0.50 1.51633 64.14

16 @ 1.11

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20

(Aspherical Surface Data)

Surface Number = 4

r=4.6967

K =+0.1147

C4 = +5.5141E-4

C6 = +3.4495E-6

C8 = +3.3752E-7
C10 =-9.7228E-10
Surface Number = 14

r=-12.9856
K=-10.9391

C4 =-4.1228E-4
C6 = +1.5051E-5
C8 = -2.5702E-7
C10 = +2.1453E-9

(Variable Distances)

INF CLD
d2 = 2.1557 2.1557
do = 0.9000 0.6716
dl4= 10.5637 10.7921
d20= 0.7000 0.7000
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TABLE 2-continued TABLE 3
(Lens Group Data) (Specifications)
Group I Focal Length f=10.30
FNO =2.91
1 1 287.1468 20 =78.62
2 3 10.1322 Y=8.20
TL = 37.57
(Values for Conditional Expressions) BF =15.47
ACTL = 36.62
£=10.3000 ACBF = 14.52
fl = 287.1468
f2=10.1322 (Lens Data)
12R = 4.6967
13F = 9.3473 i T d nd vd
TL = 37.9694
=d = 22.5057 1 332.7704 1.00 1.60300 65.44
Ymax = 8.2000 2 -332.7936 d2
(1) P/l = 0.0359 3 22.0308 1.10 1.58313 59.38
(2) £2/f1 = 0.0353 *4 45012 345
(3) U2 = 1.0166 5 9.0325 3.05 1.74950 35.28
(4) (13F + 2R)/(r3F - 12R) = 3.0199 6 117.5529 0.30
(5) TL/Zd = 1.6871 7 @ 1.70 Flare Stopper FS1
(6) TL/Ymax = 4.6304 8 @ 1.60 Aperture Stop S
9 @ 0.70 Flare Stopper FS2
10 -10.0955 1.00 1.80810 22.76
[0154] FIGS. 4A and 4B are graphs showing various aber- 11 52.5077 2.70 1.75500 5232
ti f the imaging lens according to Example 2, in which L2 -iLs97 940
rations ot 21ng 1€ ording pI€ 2, I 13 24,8237 297 1.59201 67.05
FIG. 4A is upon focusing on infinity, and FIG. 4B is upon %14 _12.8447 d14
focusing on a close shooting distance. 15 @ 0.50 1.51633 64.14
. . L 16 w 111
[0155]. As is apparent from various graphs, the imaging lens 17 o 159 151633 64.14
according to Example 2 shows superb optical performance as 18 ® 0.30
a result of good corrections to various aberrations over entire 19 w 0.70 1.51633 64.14
focusing range from infinity to a close object. 20 “ d20
(Aspherical Surface Data)
Example 3
Surface Number = 4
[0156] FIG. 5 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 3 of the f{ 14430314279
present application. C4 = +3.0704F-4
[0157] As shown in FIG. 5, the imaging lens according to C6 = +9.9005E-7
Example 3 is composed of, in order from an unillustrated €8 =+3. 7811577
ample p ) ) n t C10 = —1.2499E-9
object side, a first lens group G1 having positive refractive Surface Number = 14
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1, 1= ‘1120- 83‘;4577
. . . K=-10.
and a filter group FL disposed with a distance from the second C4 = —4.0200E-4
lens group G2. C6 = +1.4415E-5
[0158] The first lens group G1 is composed of a double C8 = -24522E-7
. C10 = +2.0151E-9
convex positive lens .11 only.
[0159] The second lens group G2 is composed of, in order (Variable Distances)
from the object side, a negative meniscus lens [.21 having a INF 1D
convex surface facing the object side, a positive meniscus lens
22 having a convex surface facing the object side, a first flare 2.1344 1.9074
stopper FS1, an aperture stop S, a second flare stopper FS2, a d14 - 10.6000 10.8270
cemented lens constructed by a double concave negative lens d20= 0.6652 0-6652
L.23 cemented With a double convex positive lens L.24, and a (Lens Grroup Data)
double convex positive lens [.25.
[0160] The filter group FL is composed of a low-pass filter, Group ! Focal Length
an infrared-light-blocking filter, and the like. 1 1 376.0042
2 3 10.1310

[0161] In the imaging lens according to Example 3, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0162] Various values associated with the imaging lens
according to Example 3 are listed in Table 3.

(Values for Conditional Expressions)

f=10.2975
fl = 276.0942
f2 =10.1310
2R =4.5012
13F =9.0325
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TABLE 3-continued TABLE 4-continued
TL =37.5652 (Lens Data)
=d = 22.1000
Ymax = 8.2000 i T d nd vd
(1) /f1 = 0.0373
(2) £2/f1 = 0.0367 1 290.4936 1.00 1.51680 64.11
(3) f/f2 = 1.0164 2 -290.7707 d2
(4) (r3F + 12R)/(13F - 12R) = 2.9867 3 19.6032 1.10 1.58913 61.15
(5) TL/=d = 1.6998 *4 4.4561 3.25
(6) TL/Ymax = 4.5811 5 9.1671 375 1.74950 35.28
6 79.1129 0.30
7 @ 1.70 Flare Stopper FS1
[0163] FIGS. 6A and 6B are graphs showing various aber- 8 @ 1.05 Aperture Stop S
rations of the imaging lens according to Example 3, in which 9 “ 1.25 Flare Stopper F'S2
. - P . 10 -11.3274 115 1.80810 22.76
FIG. §A is upon focusmg on }nﬁmty, and FIG. 6B is upon 1 144820 575 175500 5232
focusing on a close shooting distance. 12 -11.5221 0.50
[0164] Asisapparent from various graphs, the imaging lens B3 23.9759 3.00 1.59201 67.02
according to Example 3 shows superb optical Performance.as };‘ _140;2191 g_ 15?) 151633 6414
a result of good corrections to various aberrations over entire 16 o 111
focusing range from infinity to a close object. 17 ® 1.59 1.51633 64.14
18 ® 0.30
19 ® 0.70 1.51633 64.14
Example 4 o w 420
[01.65] FIG.. 7 is a sectional view showing a lens configu- (Aspherical Surface Data)
ration of an imaging lens according to Example 4 of the
present application. Surface Number = 4
[0166] As shown in FIG. 7, the imaging lens according to 44561
Example 4 is composed of, in order from an unillustrated = +0.6048
object side, a first lens group G1 having positive refractive C4 = -24225E-5
power, a second lens group G2 having positive refractive C6 = -1.1037E-5
power disposed with a distance from the first lens group G1, C8 = +5.0943E-7
. . . C10 = -1.8920E-8
and a filter group FL disposed with a distance from the second Surface Number = 14
lens group G2.
[0167] The first lens group G1 is composed of a double r= —1141-23179218
I K=-11.
convex positive lens L11 only. . . C4— -3 171954
[0168] The second lens group G2 is composed of, in order C6 = +1.0532E-5
from the object side, a negative meniscus lens [.21 having a C8 = -1.6628E-7
convex surface facing the object side, a positive meniscus lens C10 = +1.2559E-9
[22having a convex surface facing the object side, a first flare (Variable Distances)
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens INF CLD
123 cemented with a double convex positive lens [.24, and a
L d2= 1.2865 1.0592
double convex positive lens [.25. d14 = 10.5135 107408
[0169] The filter group FL is composed of a low-pass filter, d20= 0.6702 0.6702
an infrared-light-blocking filter, and the like.
. . . (Lens Group Data)
[0170] Inthe imaging lens according to Example 4, focus-
ing from an infinity object to a close object is carried out by Group I Focal Length
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position i é 2%'???3

of the first lens group G1 is fixed with respect to the image
plane 1.

[0171] Various values associated with the imaging lens
according to Example 4 are listed in Table 4.

TABLE 4

(Specifications)

f=10.30
FNO =2.89

ACTL = 36.52
ACBF = 14.43

(Values for Conditional Expressions)

f=10.3000

fl = 281.3493
f2=10.1574

2R =4.4561
B3F=9.1671

TL =37.4702

=d =22.0865

Ymax = 8.2000

(1) f/f1 = 0.0366

(2) £2/f1 =0.0361

(3) f/f2 = 1.0140

(4) (r3F + r2R)/(r3F — 12R) = 2.8917
(5) TL/Zd = 1.6965
(6) TL/Ymax = 4.5695
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[0172] FIGS. 8A and 8B are graphs showing various aber-
rations of the imaging lens according to Example 4, in which
FIG. 8A is upon focusing on infinity, and FIG. 8B is upon
focusing on a close shooting distance.

[0173] Asisapparent from various graphs, the imaging lens
according to Example 4 shows superb optical performance as
a result of good corrections to various aberrations over entire
focusing range from infinity to a close object.

Example 5

[0174] FIG. 9 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 5 of the
present application.

[0175] As shown in FIG. 9, the imaging lens according to
Example 5 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0176] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0177] The second lens group G2 is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, a positive meniscus lens
[22having a convex surface facing the object side, a first flare
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens
123 cemented with a double convex positive lens [.24, and a
double convex positive lens [.25.

[0178] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0179] In the imaging lens according to Example 5, focus-
ing from an infinity object to a close object is carried out by
moving a portion of the second lens group (G2, in particular, a
cemented lens constructed by the negative lens [.23 cemented
with the positive lens [.24, and the positive lens .25 in a body
along the optical axis toward the object side. Incidentally, the
position of the first lens group G1 is fixed with respect to the
image plane I.

[0180] Various values associated with the imaging lens
according to Example 5 are listed in Table 5.

TABLE §

(Specifications)

f=10.30
FNO =292
20 = 78.60

Y =820

TL =37.45
BF=15.52
ACTL = 36.50
ACBF = 14.57

(Lens Data)

i T d nd vd
1 367.5465 1.00 1.60300 65.44
2 -368.4597 d2
3 21.2966 1.10 1.58313 59.38
*4 4.4652 3.35
5 9.2118 3.50 1.74950 35.28
6 129.9098 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.60 Aperture Stop S
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TABLE 5-continued

9 @ d9 Flare Stopper FS2
10 -10.7870 1.10 1.80810 22.76
11 46.2743 2.75 1.75500 52.32
12 -11.6441 0.40
13 25.7948 2.95 1.59201 67.02

*14 -13.3762 d14
15 o 0.50 1.51633 64.14
16 o 1.11
17 o 1.59 1.51633 64.14
18 o 0.30
19 o 0.70 1.51633 64.14
20 o d20

(Aspherical Surface Data)

Surface Number = 4

r=4.4652

K =+0.3656

C4 = +2.6809E-4
C6 =+1.6171E-6

C8 = +2.8446E-7
C10 = +2.2563E-10
Surface Number = 14

r=-13.3762
K=-11.1665

C4 = -3.9072E-4
C6 = +1.3411E-5
C8 = -2.2460E-7
C10 = +1.8090E-9

(Variable Distances)

INF CLD
d2 = 1.4850 1.4850
do = 0.7000 0.4728
dl4= 10.6489 10.8762
d20= 0.6663 0.6663

(Lens Group Data)

Group I Focal Length
1 1 305.2986
2 3 10.1676

(Values for Conditional Expressions)

f=10.3000

fl = 305.2986
f2=10.1676

2R =4.4652
B3F=9.2118

TL = 37.4502

>d =21.9350

Ymax = 8.2000

(1) f/f1 = 0.0337

(2) £2/f1 =0.0333

(3) f/f2 = 1.0130

(4) (r3F + r2R)/(r3F — 12R) = 2.8814
(5) TL/Zd =1.7073
(6) TL/Ymax = 4.5671

[0181] FIGS. 10A and 10B are graphs showing various
aberrations of the imaging lens according to Example 5, in
which FIG. 10A is upon focusing on infinity, and FIG. 10B is
upon focusing on a close shooting distance.

[0182] Asisapparent from various graphs, the imaging lens
according to Example 5 shows superb optical performance as
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a result of good corrections to various aberrations over entire
focusing range from infinity to a close object.

Example 6

[0183] FIG. 11 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 6 of the
present application.

[0184] As shown in FIG. 11, the imaging lens according to
Example 6 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0185] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0186] The second lens group G2 is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, a positive meniscus lens
[22having a convex surface facing the object side, a first flare
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens
123 cemented with a double convex positive lens [.24, and a
double convex positive lens [.25.

[0187] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0188] In the imaging lens according to Example 6, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0189] Various values associated with the imaging lens
according to Example 6 are listed in Table 6.

TABLE 6

(Specifications)

f=10.30
FNO =291

BF =15.45
ACTL = 36.84
ACBF = 14.50

(Lens Data)

i T d nd vd
1 160.4134 1.52 1.51633 64.14
2 -160.4538 d2
3 23.9005 1.10 1.58313 59.38
*4 4.4680 3.19
5 8.8845 3.00 1.74950 35.28
6 59.7352 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.05 Aperture Stop S
9 @ 1.25 Flare Stopper FS2
10 -10.3948 1.00 1.80810 22.76
11 53.0153 2.70 1.75500 52.32
12 -10.8113 0.40
13 22.9281 2.99 1.59201 67.05
*14 -14.0952 d14
15 @ 0.50 1.51633 64.14
16 @ 111
17 @ 1.59 1.51633 64.14
18 @ 0.30
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TABLE 6-continued

19 ] 0.70
20 ] d20

1.51633 64.14

(Aspherical Surface Data)

Surface Number = 4

1 =4.4630

K = +0.4037

C4 = +2.7434E-4

C6 = +4.0423E-6

C8 = +1.7001E-7
C10 = +1.0858E-8
Surface Number = 14

r=-14.0952
K=-11.0203

C4 =-3.0335E-4
C6 = +1.0309E-5
C8 = -1.5359E-7
C10 = +1.0836E-9

(Variable Distances)

INF CLD
d2 = 2.1336 1.9062
dl4= 10.5627 10.7901
d20= 0.6862 0.6862

(Lens Group Data)

Group I Focal Length
1 1 155.6106
2 3 9.9966

(Values for Conditional Expressions)

f=10.3014

fl =155.6106

f2 =9.9966

2R =4.4680

13F = 8.8845

TL =37.7862

>d =22.3373

Ymax = 8.2000

(1) f/f1 = 0.0662

(2) £2/f1 =0.0642

(3) f/f2 = 1.0305

(4) (r3F + r2R)/(r3F — 12R) = 3.0233
(5) TL/Zd = 1.6916
(6) TL/Ymax = 4.6081

[0190] FIGS. 12A and 12B are graphs showing various
aberrations of the imaging lens according to Example 6, in
which FIG. 12A is upon focusing on infinity, and FIG. 12B is
upon focusing on a close shooting distance.

[0191] Asisapparent from various graphs, the imaging lens
according to Example 6 shows superb optical performance as
aresult of good corrections to various aberrations over entire
focusing range from infinity to a close object.

Example 7

[0192] FIG. 13 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 7 of the
present application.

[0193] As shownin FIG. 13, the imaging lens according to
Example 7 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
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power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0194] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0195] The second lens group G2 is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, a positive meniscus lens
[22having a convex surface facing the object side, a first flare
stopper FS1, an aperture stop S, a second flare stopper FS2, a
cemented lens constructed by a double concave negative lens
123 cemented with a double convex positive lens [.24, and a
double convex positive lens [.25.

[0196] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0197] Inthe imaging lens according to Example 7, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0198] Various values associated with the imaging lens
according to Example 7 are listed in Table 7.

TABLE 7

(Specifications)

f=10.30
FNO =294
20 =78.61

Y =820

TL =37.86
BF =15.56
ACTL = 36.91
ACBF = 14.61

(Lens Data)

i T d nd vd
1 307.5313 1.20 1.48749 70.23
2 -307.5947 d2
3 21.9567 1.10 1.58313 59.38

*4 4.5581 3.45
5 9.6306 3.05 1.74950 35.28
6 292.4663 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.05 Aperture Stop S
9 @ 1.25 Flare Stopper FS2

10 -89112 1.00 1.80810 22.76

11 506.5428 2.70 1.75500 52.32

12 -9.3793 0.40

13 21.0314 2.97 1.49700 81.61

*14 -13.3938 d14

15 @ 0.50 1.51633 64.14

16 @ 111

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20

(Aspherical Surface Data)

Surface Number = 4
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TABLE 7-continued

Surface Number = 14

r=-13.3938
K=-12.8217

C4 = -4.2055E-4
C6 = +1.6915E-5
C8 = -2.9730E-7
C10 = +2.4991E-9

(Variable Distances)

INF CLD
d2 = 2.1354 1.9083
dl4= 10.6990 10.9261
d20= 0.6645 0.6645

(Lens Group Data)

Group I Focal Length
1 1 315.6575
2 3 10.1518

(Values for Conditional Expressions)

r=4.5581

K =+0.1979

C4 = +4.8517E-4
C6 = +5.1785E-6
C8 = +2.7432E-7
C10 = +2.0130E-9

f=10.3000

fl =315.6575
f2=10.1518

2R =4.5581

13F = 9.6306

TL =37.8645

>d =22.3010

Ymax = 8.2000

(1) f/f1 = 0.0326

(2) £2/f1 =0.0322

(3) fif2 = 1.0146

(4) (r3F + r2R)/(r3F — 12R) = 2.7972
(5) TL/Zd = 1.6979
(6) TL/Ymax =4.6176

[0199] FIGS. 14A and 143 are graphs showing various
aberrations of the imaging lens according to Example 7, in
which FIG. 14A is upon focusing on infinity, and FIG. 14B is
upon focusing on a close shooting distance.

[0200] Asisapparent from various graphs, the imaging lens
according to Example 6 shows superb optical performance as
aresult of good corrections to various aberrations over entire
focusing range from infinity to a close object.

[0201] Each example described above makes it possible to
provide a compact imaging lens having a wide angle of view
of 60 degrees or more, a large aperture of an f-number of
about 2.8 and excellent optical performance over entire image
frame with excellently correcting various aberrations upon
focusing on an infinity object to a close object.

[0202] In an imaging lens according to each Example, a
back focal length, which is a distance along the optical axis
between the image side lens surface of a lens disposed to the
most image side and the image plane, is preferably from about
10.0 mm to 30.0 mm in the smallest state. Moreover, in an
imaging lens according to each Example, the image height is
preferably 5.0 mm to 12.5 mm, and most preferably 5.0 mm
t0 9.5 mm.

[0203] Then, an outline of a method for manufacturing an
imaging lens according to the first embodiment of the present
application is explained below with reference to FIG. 31.
[0204] FIG. 31 is a flowchart showing a method for manu-
facturing an imaging lens according to the present embodi-
ment.
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[0205] The method for manufacturing an imaging lens is a
method for manufacturing an imaging lens including, in order
from an object side, a first lens group having positive refrac-
tive power and a second lens group having positive refractive,
the method includes the following steps S1 through S3:
[0206] Step S1: disposing the second lens group with a
plurality of lens components;

[0207] Step S2: disposing the imaging lens with satisfying
the following conditional expression (1):

0.015<//1<0.085 o)

where f denotes a focal length of the imaging lens, and f1
denotes a focal length of the first lens group; and

[0208] Step S3: fixing a position of the first lens group with
respect to an image plane.

[0209] With the method for manufacturing an imaging lens
according to the present application, it becomes possible to
manufacture a compact imaging lens having a wide angle of
view, a large aperture and excellent optical performance over
entire image frame with excellently correcting various aber-
rations upon focusing on an infinity object to a close object.
[0210] Then, an outline of a method for manufacturing an
imaging lens seen from another point of view according to the
first embodiment of the present application is explained
below with reference to FIG. 32.

[0211] FIG. 32 is a flowchart showing a method for manu-
facturing an imaging lens seen from another point of view
according to the first embodiment of the present application.
[0212] The method for manufacturing an imaging lens seen
from another point of view according to the first embodiment
is a method for manufacturing an imaging lens including, in
order from an object side, a first lens group having positive
refractive power and a second lens group having positive
refractive, the method includes the following steps S11
through S13:

[0213] Step S11: disposing the first lens group with a single
positive lens component having a convex surface facing an
image side;

[0214] Step S12: disposing the second lens group consist-
ing of, in order from the object side, a negative meniscus lens
having a convex surface facing the object side, a positive lens
having a convex surface facing the object side, an aperture
stop, a cemented lens constructed by a negative lens having a
concave surface facing the object side cemented with a posi-
tive lens having a convex surface facing the image side, and a
positive lens into a lens barrel in order from the object side;
and

[0215] Step S13: moving the whole or a portion of the
second lens group along an optical axis by providing a well-
known moving mechanism in the lens barrel, thereby carry-
ing out focusing from an infinity object to a close object.
[0216] With this method for manufacturing animaging lens
seen from another point of view according to the first embodi-
ment of the present application, it becomes possible to manu-
facture a compact imaging lens having a wide angle of view,
a large aperture and excellent optical performance over entire
image frame with excellently correcting various aberrations
upon focusing on an infinity object to a close object.

Second Embodiment

[0217] Then, an imaging lens, an optical apparatus
equipped with the imaging lens, and a method for manufac-
turing the imaging lens according to a second embodiment of
the present application are explained below.
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[0218] An imaging lens according to the second embodi-
ment of the present application includes, in order from an
object side, a first lens group having positive refractive power,
and a second lens group having positive refractive power. The
first lens group consists of a single lens component. The
second lens group consists of, in order from the object side, a
front lens group, an aperture stop, and a rear lens group. The
whole or the rear lens group of the second lens group is moved
as a shift lens group in a direction including a component
perpendicular to an optical axis.

[0219] As described above, an imaging lens according to
the second embodiment of the present application includes, in
order from the object side, the first lens group having positive
refractive power, and the second lens group having positive
refractive power. The first lens group consists of a single lens
component. The second lens group consists of; in order from
the object side, the front lens group, the aperture stop, and the
rear lens group. With this configuration, it becomes possible
to realize a compact imaging lens having a wide angle of view
and high optical performance. In particular, the second lens
group becomes close to a symmetric type refractive power
distribution, which is, in order from the object side, the front
lens group, the aperture stop, and the rear lens group, so that
it becomes possible to excellently correct curvature of field
and distortion. Incidentally, a lens component is defined as a
single lens or a cemented lens constructed by cementing two
lenses or more.

[0220] Moreover, at least a portion of the second lens group
is moved as a shift lens group in a direction including a
component perpendicular to the optical axis so as to shifting
the image, thereby correcting an image blur caused by a
camera shake (vibration reduction). In particular, when the
whole of the second lens group is made to be the shift lens
group, driving mechanism can be simplified. Moreover, when
the rear lens group in the second lens group is made to be the
shift lens group, since the shift lens group can be lightened,
response speed upon vibration reduction can be increased.
[0221] With this configuration, it becomes possible to
excellently correct various aberrations and realize a compact
imaging lens having excellent optical performance over
entire image frame with minimally suppressing deterioration
in optical performance upon vibration reduction.

[0222] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (7) is preferably satisfied:

0.00</2R/f2F1<0.20 )

where f2F denotes a focal length of the front lens group, and
f2R denotes a focal length of the rear lens group.

[0223] Conditional expression (7) defines the focal length
of the front lens group and the focal length of the rear lens
group. With satisfying conditional expression (7), an imaging
lens seen from another point of view according to the present
application makes it possible to excellently correct curvature
of field, spherical aberration, coma and spherical aberration
generated in the front lens group alone, and coma generated in
the second lens group.

[0224] When the ratio f2R/If2F| is equal to or exceeds the
upper limit of conditional expression (7), refractive power of
the front lens group becomes relatively strong, so that it
becomes difficult to correct spherical aberration and coma
generated in the front lens group alone. Moreover, refractive
power of the rear lens group becomes relatively weak, so that
it becomes difficult to correct curvature of field. Accordingly,
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it is undesirable. In order to secure the effect of the present
application, it is preferable to set the upper limit of condi-
tional expression (7) to 0.17. In order to further secure the
effect of the present application, it is most preferable to set the
upper limit of conditional expression (7) to 0.15.

[0225] On the other hand, when the ratio f2R/If2F| is equal
to or falls below the lower limit of conditional expression (7),
refractive power of the front lens group becomes relatively
weak, correction of spherical aberration becomes insuffi-
cient, so that it is undesirable. Moreover, refractive power of
the rear lens group becomes relatively strong, so that coma
generated in the second lens group becomes excessively
large. Accordingly, the purpose of the present application to
obtain excellent optical performance cannot be realized. In
order to secure the effect of the present application, it is
preferable to set the lower limit of conditional expression (7)
to 0.003. In order to further secure the effect of the present
application, it is most preferable to set the lower limit of
conditional expression (7) to 0.005.

[0226] Inanimaging lens according to the second embodi-
ment of the present application, in order to obtain higher
optical performance, the rear lens group preferably includes,
in order from the object side, a cemented lens constructed by
anegative lens having a concave surface facing the object side
cemented with a positive lens having a convex surface facing
an image side, and a double convex positive lens. With this
configuration, it becomes possible to excellently correct cur-
vature of field and coma.

[0227] Inanimaging lens according to the second embodi-
ment of the present application, at least a portion of the second
lens group is preferably moved as a focusing lens group along
the optical axis, thereby carrying out focusing from an infinity
object to a close object. With this configuration, a moving
amount of the focusing lens group toward the object upon
focusing becomes extremely small, so that variations in
spherical aberration and curvature of field can be excellently
suppressed. Moreover, interference between lenses and
mechanical parts that holds lenses can be prevented.

[0228] Inanimaging lens according to the second embodi-
ment of the present application, in order to harmonize high
optical performance with compactness, the front lens group
preferably includes, in order from the object side, a negative
meniscus lens having a convex surface facing the object side,
and a positive meniscus lens having a convex surface facing
the object side. With this configuration, it becomes possible to
excellently correct spherical aberration and curvature of field
generated in the front lens group alone.

[0229] Inanimaging lens according to the second embodi-
ment of the present application, the front lens group prefer-
ably includes a plurality of lens components, and the follow-
ing conditional expression (4) is preferably satisfied:

2.50<(r3F+r2R)/ (r3F-r2R)<3.80 )

where r2R denotes a radius of curvature of the image side lens
surface of a lens component disposed to the most object side
in the front lens group, and r3F denotes a radius of curvature
of'a lens surface adjacent to the image side of the image side
lens surface.

[0230] Conditional expression (4) is for excellently cor-
recting coma and curvature of field generated in the second
lens group alone. However, conditional expression (4) has
already been explained above, so that duplicated explanations
are omitted.
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[0231] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (5) is preferably satisfied:

1.55<TL/5d<1.75 )

where TL denotes a total lens length of the imaging lens, and
2d denotes a distance along an optical axis between the most
object side lens surface in the first lens group and the most
image side lens surface in the second lens group.

[0232] Conditional expression (5) defines an appropriate
total lens length of the imaging lens. However, conditional
expression (5) has already been explained above, so that
duplicated explanations are omitted.

[0233] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (6) is preferably satisfied:

4.00<TL/¥max<5.00 (6)

where TL denotes a total lens length of the imaging lens, and
Ymax denotes the maximum image height of the imaging
lens.

[0234] Conditional expression (6) defines an appropriate
total lens length of the imaging lens. However, conditional
expression (6) has already been explained above, so that
duplicated explanations are omitted.

[0235] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (2) is preferably satisfied:

0.015</2//1<0.085 )

where f1 denotes a focal length of the first lens group, and f2
denotes a focal length of the second lens group.

[0236] Conditional expression (2) defines the focal length
of'the first lens group and the focal length of the second lens
group. However, conditional expression (2) has already been
explained above, so that duplicated explanations are omitted.
[0237] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (8) is preferably satisfied:

0.70<f}f2R<0.85 ®

where f denotes a focal length of the imaging lens, and f2R
denotes a focal length of the rear lens group.

[0238] Conditional expression (8) defines the focal length
of'the imaging lens and the focal length of the rear lens group.
With satisfying conditional expression (8), an imaging lens
seen from another point of view according to the present
application makes it possible to suppress variation in curva-
ture of field upon vibration reduction with excellently cor-
recting spherical aberration generated in the rear lens group
alone.

[0239] When the ratio f/f2R is equal to or exceeds the upper
limit of conditional expression (8), refractive power of the
rear lens group becomes strong, so that spherical aberration
generated in the rear lens group alone becomes large. Accord-
ingly, it is undesirable. In order to secure the effect of the
present application, it is preferable to set the upper limit of
conditional expression (8) to 0.83. In order to further secure
the effect of the present application, it is most preferable to set
the upper limit of conditional expression (8) to 0.82.

[0240] Onthe other hand, when the ratio f/f2R is equal to or
falls below the lower limit of conditional expression (8),
refractive power of the rear lens group becomes weak, so that
the rear lens group does not become afocal. Accordingly,
variation in curvature of field upon vibration reduction
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becomes large. In order to secure the effect of the present
application, it is preferable to set the lower limit of condi-
tional expression (8) to 0.72. In order to further secure the
effect of the present application, it is most preferable to set the
lower limit of conditional expression (8) to 0.74.

[0241] Inanimaging lens according to the second embodi-
ment of the present application, in order to realize higher
optical performance, the first lens group preferably consists
of a positive lens having a convex surface facing the object
side. With this configuration, it becomes possible to excel-
lently correct distortion and curvature of field generated in the
whole system of the imaging lens.

[0242] Inanimaging lens according to the second embodi-
ment of the present application, in order to realize higher
optical performance, the position of the first lens group is
preferably fixed with respect to the image plane. With this
configuration, it becomes possible to excellently correct dis-
tortion and curvature of field generated in the whole system of
the imaging lens. Moreover, even if external force is inadvert-
ently applied upon using the imaging lens, a moving portion
of the imaging lens can be protected.

[0243] Inanimaging lens according to the second embodi-
ment of the present application, the following conditional
expression (1) is preferably satisfied:

0.015</1<0.085 o)

where f denotes a focal length of the imaging lens, and f1
denotes a focal length of the first lens group.

[0244] Conditional expression (1) defines the focal length
of'the first lens group and the focal length of the imaging lens.
However, conditional expression (1) has already been
explained above, so that duplicated explanations are omitted.
[0245] Inanimaging lens according to the second embodi-
ment of the present application, in order to harmonize higher
optical performance with compactness, the front lens group
preferably includes at least one aspherical surface. With this
configuration, spherical aberration and curvature of field can
be excellently corrected.

[0246] Inanimaging lens according to the second embodi-
ment of the present application, in order to harmonize high
optical performance with compactness, the front lens group
preferably includes a plurality of lens components, and the
most object side lens component in the first lens group pref-
erably includes at least one aspherical surface. With this con-
figuration, spherical aberration and curvature of field can be
excellently corrected and higher optical performance and
compactness can be harmonized.

[0247] Inanimaging lens according to the second embodi-
ment of the present application, in order to harmonize higher
optical performance with compactness, the rear lens group
preferably includes at least one aspherical surface. With this
configuration, distortion and curvature of field can be excel-
lently corrected.

[0248] Inanimaging lens according to the second embodi-
ment of the present application, in order to realize higher
optical performance, it is preferable that the rear lens group
includes a plurality of lens components and the most image
side lens component in the rear lens group includes at least
one aspherical surface. With this configuration, distortion and
curvature of field generated upon focusing can be excellently
corrected.

[0249] An optical apparatus according to the second
embodiment of the present application is equipped with the
above-described imaging lens. With this configuration, it
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becomes possible to realize a compact optical apparatus
capable of correcting various aberrations, suppressing dete-
rioration in optical performance minimally upon vibration
reduction, and having excellent optical performance over
entire image frame.

[0250] Then, a method for manufacturing an imaging lens
according to the second embodiment of the present applica-
tion is a method for manufacturing an imaging lens including,
in order from an object side, a first lens group having positive
refractive power, and a second lens group having positive
refractive power, the method comprising steps of:

[0251] disposing the first lens group with a single lens
component;
[0252] disposing the second lens group consisting of, in

order from the object side, a front lens group, an aperture stop,
and a rear lens group; and

[0253] moving the whole of the second lens group or the
rear lens group as a shift lens group in a direction including a
component perpendicular to an optical axis.

[0254] Withthis method for manufacturing animaging lens
according to the second embodiment of the present applica-
tion, it becomes possible to manufacture a compact imaging
lens capable of correcting various aberrations, suppressing
deterioration in optical performance minimally upon vibra-
tion reduction, and having excellent optical performance over
entire image frame.

[0255] Then, an imaging lens according to each numerical
example of the second embodiment of the present application
is explained below with reference to accompanying drawings.

Example 8

[0256] FIG. 15 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 8 of the
second embodiment of the present application.

[0257] As shownin FIG. 15, the imaging lens according to
Example 8 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0258] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0259] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.

[0260] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0261] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
[0262] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0263] Inthe imaging lens according to Example 8, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.
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[0264] Moreover, intheimaging lens according to Example
8, the whole of the second lens group is moved as a shift lens
group in a direction including a component perpendicular to
the optical axis, thereby correcting an image blur upon gen-
erating a camera shake.

[0265] Various values associated with the imaging lens
according to Example 8 are listed in Table 8.

TABLE 8

(Specifications)

f=10.30
FNO =292
20 =78.61

Y =820

TL =37.96
Bf=15.38
ACTL = 37.01
ACBF = 14.43

(Lens Data)

i T d nd vd
1 160.5145 1.55 1.48749 70.23
2 -160.5440 d2
3 26.1848 1.10 1.58913 61.16

*4 4.8842 3.95
5 9.0140 2.50 1.74950 35.28
6 79.5499 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.55 Aperture Stop S
9 @ 0.75 Flare Stopper FS2

10 -8.6375 1.20 1.80810 22.76

11 113.7348 2.50 1.75500 52.32

12 -10.6165 0.40

13 21.1214 2.95 1.59201 67.02

*14 -13.9521 d14

15 @ 0.50 1.51633 64.14

16 @ 111

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20

(Aspherical Surface Data)

Surface Number = 4

r=4.8842

K =+0.5528

C4 = +7.2260E-5

C6 =-3.0492E-6

C8=+2.2154E-7

C10 =-7.9802E-10

Surface Number = 14

r=-13.9521

K = -11.4868

C4=-3.0331E-4

C6 =+1.1991E-5

C8=-1.9031E-7

C10 = +1.4300E-9

(Variable Distances)
INF CLD

d2 = 2.1334 1.9061
d14 = 10.5166 10.7439
d20 = 0.6644 0.6644
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(Lens Group Data)
Group I Focal Length
1 1 164.9097
2 3 9.9988

(Values for Conditional Expressions)

f=10.3000

fl =164.9097

f2 =9.9988

f2F = 217.6430

f2R = 13.5869

2R =4.8842

3F =9.0140

TL =37.9644

>d =22.5834

Ymax = 8.2000

(1) f/f1 =0.0625

(2) £2/f1 = 0.0606

(4) (r3F + r2R)/(r3F — 12R) = 3.3653
(5) TL/Zd = 1.6811

(6) TL/Ymax = 4.6298
(7) f2R/If2F| = 0.0624
(8) f/f2R =0.7581

[0266] FIGS. 16A, 16B and 16C are graphs showing vari-
ous aberrations of the imaging lens according to Example 8 of
the second embodiment, in which FIG. 16A is upon focusing
on an infinity object, FIG. 16B is upon focusing on a close
shooting distance, and FIG. 16C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 15 by an amount of 0.1 mm.

[0267] Asisapparent from various graphs, the imaging lens
according to Example 8 shows superb optical performance as
aresult of good corrections to various aberrations over entire
focusing range from infinity to a close object with minimally
suppressing deterioration in optical performance upon vibra-
tion reduction.

Example 9

[0268] FIG. 17 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 9 of the
second embodiment of the present application.

[0269] As shownin FIG. 17, the imaging lens according to
Example 9 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0270] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0271] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.

[0272] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0273] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
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[0274] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0275] In the imaging lens according to Example 9, focus-
ing from an infinity object to a close object is carried out by
moving the rear lens group G2R, which is a portion of the
second lens group G2, along the optical axis toward the object
side. Incidentally, the position of the first lens group G1 is
fixed with respect to the image plane 1.

[0276] Moreover, intheimaging lens according to Example
9, the whole of the second lens group is moved as a shift lens
group in a direction including a component perpendicular to
the optical axis, thereby correcting an image blur upon gen-
erating a camera shake.

[0277] Various values associated with the imaging lens
according to Example 9 are listed in Table 9.

TABLE 9

(Specifications)

f=10.30
FNO =292
20 = 78.60

Y =820

TL =37.97
BF =15.46
ACTL = 37.02
ACBF = 14.51

(Lens Data)

i T d nd vd
1 346.0582 1.20 1.60300 65.44
2 -346.0893 d2
3 24.3607 1.20 1.58313 59.38
*4 4.6967 3.70
5 9.3473 2.90 1.74950 35.28
6 305.1987 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.40 Aperture Stop S
9 @ do Flare Stopper FS2
10 -9.2201 1.00 1.80810 22.76
11 77.4450 2.70 1.75500 52.32
12 -10.9830 0.40
13 25.7154 2.95 1.59201 67.02
*14 -12.9856 d14
15 @ 0.50 1.51633 64.14
16 @ 111
17 @ 1.59 1.51633 64.14
18 @ 0.30
19 @ 0.70 1.51633 64.14
20 @ d20

(Aspherical Surface Data)

Surface Number = 4

r=4.6967

K =+0.1147

C4 = +5.5141E-4

C6 = +3.4495E-6
C8 = +3.3752E-7
C10 = -9.7228E-10
Surface Number = 14

r=-12.9856

K =-10.9391
C4=-41228E-4
C6=+1.5051E-5
C8 = -2.5702E-7
C10 = +2.1453E-9
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TABLE 9-continued

(Variable Distances)

INF CLD
d2 = 2.1557 2.1557
do = 0.9000 0.6716
dl4 = 10.5637 10.7921
d20 = 0.7000 0.7000

(Lens Group Data)

Group I Focal Length
1 1 287.1468
2 3 10.1322

(Values for Conditional Expressions)

f=10.3000

fl =287.1468
f2=10.1322

f2F = 152.2949

f2R =13.7383

2R =4.6967

13F =9.3473

TL =37.9694

=d =22.5057

Ymax = 8.2000

(1) f/f1 =0.0359

(2) £2/f1 =0.0353

(4) (r3F + r2R)/(r3F — 12R) = 3.0199
(5) TL/Zd = 1.6871

(6) TL/Ymax = 4.6304
(7) f2R/If2F| = 0.0902
(8) f/f2R = 0.7497

[0278] FIGS. 18A, 18B and 18C are graphs showing vari-
ous aberrations of the imaging lens according to Example 9 of
the second embodiment, in which FIG. 18A is upon focusing
on an infinity object, FIG. 18B is upon focusing on a close
shooting distance, and FIG. 18C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 17 by an amount of 0.1 mm.

[0279] Asisapparent from various graphs, the imaging lens
according to Example 9 shows superb optical performance as
aresult of good corrections to various aberrations over entire
focusing range from infinity to a close object with minimally
suppressing deterioration in optical performance upon vibra-
tion reduction.

Example 10

[0280] FIG. 19 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 10 of the
second embodiment of the present application.

[0281] As shownin FIG. 19, the imaging lens according to
Example 10 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0282] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0283] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.
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[0284] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0285] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
[0286] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0287] Intheimaging lens according to Example 10, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0288] Moreover, inthe imaging lens according to Example
10, the rear lens group G2R of the second lens group is moved
as a shift lens group in a direction including a component
perpendicular to the optical axis, thereby correcting an image
blur upon generating a camera shake.

[0289] Various values associated with the imaging lens
according to Example 10 are listed in Table 10.

TABLE 10

(Specifications)

f=10.30
FNO =291
20 =78.62

Y =820

TL =37.57
BF =15.47
ACTL = 36.62
ACBF = 14.52

(Lens Data)

i T d nd vd
1 332.7704 1.00 1.60300 65.44
2 -332.7936 d2
3 22.0308 1.10 1.58313 59.38

*4 4.5012 3.45
5 9.0325 3.05 1.74950 35.28
6 117.5529 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.60 Aperture Stop S
9 @ 0.70 Flare Stopper FS2

10 -10.0955 1.00 1.80810 22.76

11 52.5077 2.70 1.75500 52.32

12 -11.5974 0.40

13 24.8237 2.97 1.59201 67.05

*14 -12.8447 d14

15 @ 0.50 1.51633 64.14

16 @ 111

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20

(Aspherical Surface Data)

Surface Number = 4

r=4.5012

K = +0.3479

C4 = +3.0704E-4
C6 = +9.9005E-7
C8 = +3.7811E-7
C10 =-1.2499E-9
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Surface Number = 14
r=-12.8447
K =-10.3357
C4 =-4.0200E-4
C6 = +1.4415E-5
C8 =-2.4522E-7
C10 = +2.0151E-9
(Variable Distances)
INF CLD
d2 = 2.1344 1.9074
d14 = 10.6000 10.8270
d20 = 0.6652 0.6652
(Lens Group Data)
Group I Focal Length
1 1 276.0942
2 3 10.1310

(Values for Conditional Expressions)

f=10.2975

fl =276.0942
f2=10.1310

f2F = 824.1941

f2R =13.3447

2R =4.5012

13F =9.0325

TL =37.5652

=d =22.1000

Ymax = 8.2000

(1) f/f1 =0.0373

(2) £2/f1 =0.0367

(4) (r3F + r2R)/(r3F — 12R) = 2.9867
(5) TL/Zd = 1.6998
(6) TL/Ymax = 4.5811
(7) f2R/If2F| = 0.0162
(8) 2R =0.7717

[0290] FIGS. 20A, 20B and 20C are graphs showing vari-
ous aberrations of the imaging lens according to Example 10
of'the second embodiment, in which FIG. 20A is upon focus-
ing on an infinity object, FIG. 20B is upon focusing on a close
shooting distance, and FIG. 20C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 19 by an amount of 0.1 mm.

[0291] Asisapparent from various graphs, the imaging lens
according to Example 10 shows superb optical performance
as a result of good corrections to various aberrations over
entire focusing range from infinity to a close object with
minimally suppressing deterioration in optical performance
upon vibration reduction.

Example 11

[0292] FIG. 21 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 11 of the
second embodiment of the present application.

[0293] As shownin FIG. 21, the imaging lens according to
Example 11 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.
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[0294] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0295] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.

[0296] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.

[0297] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.

[0298] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0299] Intheimaging lens according to Example 11, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0300] Moreover, inthe imaging lens according to Example
11, the rear lens group G2R of the second lens group is moved
as a shift lens group in a direction including a component
perpendicular to the optical axis, thereby correcting an image
blur upon generating a camera shake.

[0301] Various values associated with the imaging lens
according to Example 11 are listed in Table 11.

TABLE 11

(Specifications)

f=10.30
FNO =2.89
20 =78.61

Y =820

TL =37.47
BF=15.38
ACTL = 36.52
ACBF = 14.43

(Lens Data)

i T d nd vd
1 290.4936 1.00 1.51680 64.11
2 -290.7707 d2
3 19.6032 1.10 1.58913 61.15

*4 4.4561 3.25
5 9.1671 3.75 1.74950 35.28
6 79.1129 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.05 Aperture Stop S
9 @ 1.25 Flare Stopper FS2

10 -11.3274 1.15 1.80810 22.76

11 44.4829 2.75 1.75500 52.32

12 -11.5221 0.50

13 23.9759 3.00 1.59201 67.02

*14 -14.2191 d14

15 @ 0.50 1.51633 64.14

16 @ 111

17 @ 1.59 1.51633 64.14

18 @ 0.30

19 @ 0.70 1.51633 64.14

20 @ d20
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TABLE 11-continued

(Aspherical Surface Data)

Surface Number = 4

r=4.4561

K =+0.6048

C4 = -2.4225E-5

C6 =-1.1037E-5

C8 = +5.0943E-7
C10 = -1.8920E-8
Surface Number = 14

r=-14.2191
K=-11.3728
C4=-3.1719E-4
C6 = +1.0532E-5
C8 = -1.6628E-7
C10 = +1.2559E-9

(Variable Distances)

INF CLD

d2 = 1.2865
dl4 = 10.5135
d20 = 0.6702

1.0592
10.7408
0.6702

(Lens Group Data)

Group I Focal Length

1 1
2 3

281.3493
10.1574

(Values for Conditional Expressions)

f=10.3000

fl =281.3493
f2=10.1574

f2F = -195.0408

f2R = 12.8820

2R =4.4561
B3F=9.1671

TL =37.4702

=d =22.0865

Ymax = 8.2000

(1) f/f1 =0.0366

(2) £2/f1 =0.0361

(4) (r3F + r2R)/(r3F — 12R) = 2.8917
(5) TL/Zd = 1.6965
(6) TL/Ymax = 4.5695
(7) f2R/If2F| = 0.0660
(8) f/f2R =0.7996

[0302] FIGS. 22A, 22B and 22C are graphs showing vari-
ous aberrations of the imaging lens according to Example 11
of'the second embodiment, in which FIG. 22A is upon focus-
ing on an infinity object, FIG. 22B is upon focusing on a close
shooting distance, and FIG. 22C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 21 by an amount of 0.1 mm.

[0303] Asisapparent from various graphs, the imaging lens
according to Example 11 shows superb optical performance
as a result of good corrections to various aberrations over
entire focusing range from infinity to a close object with
minimally suppressing deterioration in optical performance
upon vibration reduction.

Example 12

[0304] FIG. 23 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 12 of the
second embodiment of the present application.
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[0305] As shown in FIG. 23, the imaging lens according to
Example 12 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0306] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0307] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.

[0308] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0309] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
[0310] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0311] Intheimaging lens according to Example 12, focus-
ing from an infinity object to a close object is carried out by
moving the rear lens group G2R, which is a portion of the
second lens group G2, along the optical axis toward the object
side. Incidentally, the position of the first lens group G1 is
fixed with respect to the image plane 1.

[0312] Moreover, intheimaging lens according to Example
12, the rear lens group G2R of the second lens group G2 is
moved as a shift lens group in a direction including a com-
ponent perpendicular to the optical axis, thereby correcting an
image blur upon generating a camera shake.

[0313] Various values associated with the imaging lens
according to Example 12 are listed in Table 12.

TABLE 12

(Specifications)

f=10.30
FNO =292
20 = 78.60

Y =820

TL =37.45
BF=15.52
ACTL = 36.50
ACBF = 14.57

(Lens Data)

i T d nd vd
1 367.5465 1.00 1.60300 65.44
2 -368.4597 d2
3 21.2966 1.10 1.58313 59.38

*4 4.4652 3.35
5 9.2118 3.50 1.74950 35.28
6 129.9098 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.60 Aperture Stop S
9 @ do Flare Stopper FS2

10 -10.7870 1.10 1.80810 22.76

11 46.2743 2.75 1.75500 52.32

12 -11.6441 0.40

13 25.7948 2.95 1.59201 67.02

*14 -13.3762 d14
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TABLE 12-continued

0.50 1.51633 64.14
111
1.59 1.51633 64.14
0.30
0.70 1.51633 64.14
d20

8 888 88

(Aspherical Surface Data)

Surface Number = 4

r=4.4652

K =+0.3656

C4 = +2.6809E-4
C6 =+1.6171E-6
C8 = +2.8446E-7
C10 = +2.2563E-10
Surface Number = 14

r=-13.3762
K=-11.1665

C4 =-3.9072E-4
C6 = +1.3411E-5
C8 = -2.2460E-7
C10 = +1.8090E-9

(Variable Distances)

INF CLD

d2 = 1.4850
do = 0.7000
dl4 = 10.6489
d20 = 0.6663

1.4850
0.4728
10.8762
0.6663

(Lens Group Data)

Group I Focal Length

1 1
2 3

305.2986
10.1676

(Values for Conditional Expressions)

f=10.3000

fl =305.2986
f2=10.1676

f2F = -1011.0523

f2R =13.2321

2R =4.4652
B3F=9.2118

TL = 37.4502

>d =21.9350

Ymax = 8.2000

(1) f/f1 =0.0337

(2) £2/f1 =0.0333

(4) (r3F + r2R)/(r3F — 12R) = 2.8814
(5) TL/Zd =1.7073
(6) TL/Ymax = 4.5671
(7) f2R/If2F| = 0.0131
(8) 2R =0.7784

[0314] FIGS. 24A, 24B and 24C are graphs showing vari-
ous aberrations of the imaging lens according to Example 12
of'the second embodiment, in which FIG. 24 A is upon focus-
ing on an infinity object, FIG. 24B is upon focusing on a close
shooting distance, and FIG. 24C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 23 by an amount of 0.1 mm.

[0315] Asisapparent from various graphs, the imaging lens
according to Example 12 shows superb optical performance
as a result of good corrections to various aberrations over
entire focusing range from infinity to a close object with
minimally suppressing deterioration in optical performance
upon vibration reduction.
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Example 13

[0316] FIG. 25 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 13 of the
second embodiment of the present application.

[0317] As shown in FIG. 25, the imaging lens according to
Example 11 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0318] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0319] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and rear lens group G2R having
positive refractive power.

[0320] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0321] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
[0322] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0323] Intheimaging lens according to Example 13, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0324] Moreover, inthe imaging lens according to Example
13, the rear lens group G2R of the second lens group is moved
as a shift lens group in a direction including a component
perpendicular to the optical axis, thereby correcting an image
blur upon generating a camera shake.

[0325] Various values associated with the imaging lens
according to Example 13 are listed in Table 13.

TABLE 13

(Specifications)

f=10.30
FNO =291
20 =78.61

Y =820

TL =37.79
BF =15.45
ACTL = 36.84
ACBF = 14.50

(Lens Data)

i T d nd vd
1 160.4134 1.52 1.51633 64.14
2 -160.4538 d2
3 23.9005 1.10 1.58313 59.38
*4 4.4680 3.19
5 8.8845 3.00 1.74950 35.28
6 59.7352 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.05 Aperture Stop S
9 @ 1.25 Flare Stopper FS2
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10 —-10.3948 1.00 1.80810 22.76
11 53.0153 2.70 1.75500 52.32
12 -10.8113 0.40
13 22.9281 2.99 1.59201 67.05
*14 -14.0952 di14
15 ] 0.50 1.51633 64.14
16 ] 1.11
17 ] 1.59 1.51633 64.14
18 ] 0.30
19 ] 0.70 1.51633 64.14
20 ] d20
(Aspherical Surface Data)
Surface Number = 4
1 =4.4680
K =+0.4037
C4 = +2.7434E-4
C6 = +4.0423E-6
C8 =+1.7001E-7
C10 = +1.0858E-8
Surface Number = 14
r=-14.0952
K=-11.0203
C4 =-3.0335E-4
C6 = +1.0309E-5
C8 =-1.5359E-7
C10 = +1.0836E-9
(Variable Distances)
INF CLD
d2 = 2.1336 1.9062
d14 = 10.5627 10.7901
d20 = 0.6862 0.6862
(Lens Group Data)
Group I Focal Length
1 1 155.6106
2 3 9.9966

(Values for Conditional Expressions)

f=10.3014

fl =155.6106

2 =9.9966

f2F = -107.3070
f2R =12.6842

2R =4.4680

13F = 8.8845

TL =37.7862

>d =22.3373

Ymax = 8.2000

(1) f/f1 =0.0662

(2) £2/f1 =0.0642

(4) (r3F + r2R)/(r3F — 12R) = 3.0233
(5) TL/Zd = 1.6916
(6) TL/Ymax = 4.6081
(7) f2R/If2F1 = 0.1182
(8) /2R =0.8121

[0326] FIGS. 26A, 26B and 26C are graphs showing vari-
ous aberrations of the imaging lens according to Example 13
of'the second embodiment, in which FIG. 26 A is upon focus-
ing on an infinity object, FIG. 26B is upon focusing on a close
shooting distance, and FIG. 26C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 25 by an amount of 0.1 mm.

[0327] Asisapparent from various graphs, the imaging lens
according to Example 13 shows superb optical performance
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as a result of good corrections to various aberrations over
entire focusing range from infinity to a close object with
minimally suppressing deterioration in optical performance
upon vibration reduction.

Example 14

[0328] FIG. 27 is a sectional view showing a lens configu-
ration of an imaging lens according to Example 14 of the
second embodiment of the present application.

[0329] As shown in FIG. 27, the imaging lens according to
Example 14 is composed of, in order from an unillustrated
object side, a first lens group G1 having positive refractive
power, a second lens group G2 having positive refractive
power disposed with a distance from the first lens group G1,
and a filter group FL disposed with a distance from the second
lens group G2.

[0330] The first lens group G1 is composed of a double
convex positive lens .11 only.

[0331] The second lens group G2 is composed of, in order
from the object side, a front lens group G2F having positive
refractive power, a first flare stopper FS1, an aperture stop S,
a second flare stopper FS2, and a rear lens group G2R having
positive refractive power.

[0332] The front lens group G2F is composed of, in order
from the object side, a negative meniscus lens [.21 having a
convex surface facing the object side, and a positive meniscus
lens [.22 having a convex surface facing the object side.
[0333] The rear lens group G2R is composed of, in order
from the object side, a cemented lens constructed by a double
concave negative lens [.23 cemented with a double convex
positive lens 1.24, and a double convex positive lens [.25.
[0334] The filter group FL is composed of a low-pass filter,
an infrared-light-blocking filter, and the like.

[0335] Intheimaging lens according to Example 14, focus-
ing from an infinity object to a close object is carried out by
moving the whole of the second lens group G2 along the
optical axis toward the object side. Incidentally, the position
of the first lens group G1 is fixed with respect to the image
plane 1.

[0336] Moreover, intheimaging lens according to Example
14, the whole of the second lens group is moved as a shift lens
group in a direction including a component perpendicular to
the optical axis, thereby correcting an image blur upon gen-
erating a camera shake.

[0337] Various values associated with the imaging lens
according to Example 14 are listed in Table 14.

TABLE 14

(Specifications)

f=10.30
FNO =294
20 =78.61

Y =820

TL =37.86
BF =15.56
ACTL = 36.91
ACBF = 14.61

(Lens Data)

i T d nd vd
1 307.5313 1.20 1.48749 70.23
2 -307.5947 d2

3 21.9567 1.10 1.58313 59.38
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TABLE 14-continued
*4 4.5581 345
5 9.6306 3.05 1.74950 35.28
6 292.4663 0.30
7 @ 1.70 Flare Stopper FS1
8 ] 1.05 Aperture Stop S
9 @ 1.25 Flare Stopper FS2
10 -8.9112 1.00 1.80810 22.76
11 506.5428 2.70 1.75500 52.32
12 -9.3793 0.40
13 21.0314 297 1.49700 81.61
*14 —-13.3938 di14
15 ] 0.50 1.51633 64.14
16 ] 1.11
17 ] 1.59 1.51633 64.14
18 ] 0.30
19 ] 0.70 1.51633 64.14
20 ] d20
(Aspherical Surface Data)
Surface Number = 4
r=4.5581
K =+0.1979
C4 =+4.8517E-4
C6 =+5.1785E-6
C8 = +2.7432E-7
C10 = +2.0130E-9
Surface Number = 14
r=-13.3938
K=-12.8217
C4 =-4.2055E-4
C6 =+1.6915E-5
C8 =-2.9730E-7
C10 = +2.4991E-9
(Variable Distances)
INF CLD
d2 = 2.1354 1.9083
d14 = 10.6990 10.9261
d20 = 0.6645 0.6645
(Lens Group Data)
Group I Focal Length
1 1 315.6575
2 3 10.1518
(Values for Conditional Expressions)
f=10.3000
fl =315.6575
f2=10.1518
f2F = 1702.3764
f2R = 13.3866
2R =4.5581
13F = 9.6306
TL =37.8645
>d =22.3010
Ymax = 8.2000
(1) Pfl = 0.0326
(2) £/fl = 0.0322
(@) (13F + r2R)/(13F - 12R) = 2.7972
(5) TL/=d = 1.6979
(6) TL/Ymax = 4.6176
(7) £2R/IE2F| = 0.0079
(8) DE2R = 0.7694
[0338] FIGS. 28A, 28B and 28C are graphs showing vari-

ous aberrations of the imaging lens according to Example 14
of'the second embodiment, in which FIG. 28A is upon focus-
ing on an infinity object, FIG. 28B is upon focusing on a close
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shooting distance, and FIG. 28C is coma upon focusing on an
infinity object upon moving the shift lens group vertically
upward in FIG. 27 by an amount of 0.1 mm.

[0339] Asisapparent from various graphs, the imaging lens
according to Example 13 shows superb optical performance
as a result of good corrections to various aberrations over
entire focusing range from infinity to a close object with
minimally suppressing deterioration in optical performance
upon vibration reduction.

[0340] Each example described above makes it possible to
provide a compact imaging lens having a wide angle of view
of 60 degrees or more, a large aperture of an f-number of
about 2.8 and excellent optical performance over entire image
frame with excellently correcting various aberrations upon
focusing on an infinity object to a close object, and minimally
suppressing deterioration in optical performance upon vibra-
tion reduction.

[0341] In an imaging lens according to each Example, a
back focal length, which is a distance along the optical axis
between the image side lens surface of a lens disposed to the
most image side and the image plane, is preferably from about
10.0 mm to 30.0 mm in the smallest state. Moreover, in an
imaging lens according to each Example, the image height is
preferably 5.0 mm to 12.5 mm, and most preferably 5.0 mm
to 9.5 mm.

[0342] Then, an outline of a method for manufacturing an
imaging lens according to the second embodiment is
explained below with reference to FIG. 33.

[0343] FIG. 33 is a flowchart showing a method for manu-
facturing an imaging lens according to the second embodi-
ment of the present application.

[0344] The method for manufacturing an imaging lens
according to the second embodiment of the present applica-
tion is a method for manufacturing an imaging lens including,
in order from an object side, a first lens group having positive
refractive power and a second lens group having positive
refractive, the method includes the following steps S21
through S23:

[0345] Step S21: disposing the first lens group with a single
lens component;

[0346] Step S22: disposing the second lens group consist-
ing of, in order from the object side, a front lens group, an
aperture stop, and a rear lens group into a lens barrel in order
from the object side; and

[0347] Step S23: moving the second lens group or the rear
lens group as a shift lens group in a direction including a
component perpendicular to the optical axis by providing a
well-known moving mechanism in the lens barrel.

[0348] With this method for manufacturing animaging lens
according to the second embodiment of the present applica-
tion, it becomes possible to manufacture a compact imaging
lens having a wide angle of view, a large aperture and excel-
lent optical performance over entire image frame with excel-
lently correcting various aberrations upon focusing on an
infinity object to a close object.

[0349] The present embodiment only shows a specific
example for the purpose of better understanding of the present
application. Accordingly, it is needless to say that the present
application in its broader aspect is not limited to the specific
details and representative devices. Incidentally, the following
description may suitably be applied within limits that do not
deteriorate optical performance.

[0350] As numerical examples of an imaging lens accord-
ing to the present application, although a two-lens-group
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configuration is shown, the lens-group configuration accord-
ing to the present application is not limited to this, other
lens-group configurations such as a three-lens-group configu-
ration is possible to configure an imaging lens. Specifically, a
lens configuration that a lens or a lens group is added to the
most object side or the most image side of an imaging lens
according to the present application is possible. Incidentally,
alens group means a portion that includes at least one lens and
is separated by air spaces.

[0351] Inanimaging lens according to the present applica-
tion, in order to vary focusing from infinity to a close object,
aportion of a lens group, a single lens group, or a plurality of
lens groups may be moved along the optical axis as a focusing
lens group. Focusing may be carried out by other configura-
tion than the above-described Examples such as an object side
portion of the second lens group (the negative meniscus lens
[.21 and the positive meniscus lens [.22), or each single lens
component of the whole lens system.

[0352] Inthis case, the focusing lens group can be used for
auto focus, and suitable for being driven by a motor such as an
ultrasonic motor. It is particularly preferable that a portion or
the whole of the second lens group G2 is moved as the
focusing lens group.

[0353] A lens group or a portion of a lens group may be
shifted in a direction including a component perpendicular to
the optical axis as a vibration reduction lens group, or tilted
(swayed) in a direction including the optical axis for correct-
ing an image blur caused by a camera shake, in other words,
vibration correction. [tis particularly preferable thata portion
or the whole of the second lens group is used as a shift lens
group.

[0354] A lens surface of a lens may be a spherical surface,
aplane surface, or an aspherical surface. When a lens surface
is a spherical surface or a plane surface, lens processing,
assembling and adjustment become easy, and deterioration in
optical performance caused by lens processing, assembling
and adjustment errors can be prevented, so that it is prefer-
able. Moreover, even if the image plane is shifted, deteriora-
tion in optical performance is little, so that it is preferable.
When a lens surface is an aspherical surface, the aspherical
surface may be fabricated by a fine grinding process, a glass
molding process that a glass material is formed into an
aspherical shape by a mold, or a compound type process that
a resin material is formed into an aspherical shape on a glass
lens surface. A lens surface may be a diffractive optical sur-
face, and a lens may be a graded-index type lens (GRIN lens)
or a plastic lens.

[0355] Although an aperture stop S is preferably provided
in or in the vicinity of the second lens group, the function may
be substituted by a lens frame without disposing a member as
an aperture stop. Moreover, this is the same to the first and the
second flare stoppers provided in an imaging lens according
to each Example of the present application.

[0356] An antireflection coating having high transmittance
over a broad wavelength range may be applied to each lens
surface of an imaging lens according to the present applica-
tion to reduce flare or ghost images, so that high optical
performance with high contrast can be achieved.

[0357] Inanimaging lens according to the present applica-
tion, the first lens group preferably includes one positive lens
component. The second lens group preferably includes three
positive lens components and one negative lens component,
and, in particular, these lens components are preferably dis-
posed, in order from the object side, positive-positive-posi-
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tive-negative with air spaces in between. Alternatively, the
second lens group preferably includes two positive lens com-
ponents and two negative lens components, and these lens
components are preferably disposed, in order from the object
side, positive-negative-positive-negative with air spaces in
between.

[0358] Then, a camera equipped with an imaging lens
according to the present application is explained with refer-
ence to FIGS. 29A, 29B and 30.

[0359] FIGS. 29A and 29B are diagrams showing an elec-
tronic camera according to the present application, in which
FIG. 29A is a front view and FIG. 29B is a rear view. FIG. 30
is a sectional view along A-A' line in FIG. 29A.

[0360] The camera 1 is an electronic still camera equipped
with the imaging lens according to Example 1 as an image-
taking lens 2 as shown in FIGS. 29A through 30.

[0361] In the camera 1, when a power switch button (not
shown) is pressed by a photographer, a shutter (not shown) of
an image-taking lens, which blocks light from transmitting
the image-taking lens 2, is opened. Accordingly, light from an
object (not shown) is incident on the image-taking lens 2, and
converged on an imaging device C (for example, a CCD or
CMOS) disposed on an image plane I by the image-taking
lens 2, thereby forming an image of the object. The object
image formed on the imaging device C is displayed on a
liquid crystal monitor 3 disposed backside of the camera 1.
After fixing the image composition of the object image with
observing the liquid crystal monitor 3, a photographer
depresses a release button 4 to take a picture of the object
image by the imaging device C, and stores in a memory (not
shown). In this manner, the photographer can take a picture of
the object by the camera 1. In the camera 1, the following
members are disposed such as an auxiliary light emitter 5 that
emits auxiliary light when the object is dark, and a function
button 7 that is used for setting various conditions of the
camera 1.

[0362] With this configuration, the camera 1 equipped with
the imaging lens according to Example 1 as an image-taking
lens 2 makes it possible to realize a compact optical apparatus
having a wide angle of view, a large aperture and excellent
optical performance over entire image frame with excellently
correcting various aberrations upon focusing on an infinity
object to a close object. Incidentally, the same effect as the
camera 1 can be obtained by constructing a camera equipped
with any one of the imaging lenses according to Example 2
through 7 as an image-taking lens 2. Moreover, an imaging
lens according to the present application is not limited to the
electronic still camera, and can be adopted to any other optical
apparatus such as a digital video camera, and a film camera.
Moreover, it may be adopted to an interchangeable lens.

1-15. (canceled)

16. An imaging lens comprising, in order from an object
side:

a first lens group having positive refractive power; and

a second lens group having positive refractive power,

the first lens group consisting of a single lens component,

the second lens group consisting of, in order from the
object side, a front lens group, an aperture stop, and a
rear lens group, and

at least a portion of the second lens group being moved as
a shift lens group in a direction including a component
perpendicular to an optical axis.
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17. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

0.00</2R/|f2F|<0.20

where f2F denotes a focal length of the front lens group, and
f2R denotes a focal length of the rear lens group.

18. The imaging lens according to claim 16, wherein the
rear lens group includes, in order from an object side, a
cemented lens constructed by a negative lens having a con-
cave surface facing the object cemented with a positive lens
having a convex surface facing the image side, and a double
convex positive lens.

19. The imaging lens according to claim 16, wherein at
least a portion of the second lens group is moved along an
optical axis, thereby carrying out focusing from an infinity
object to a close object.

20. The imaging lens according to claim 16, wherein the
front lens group includes, in order from the object side, a
negative meniscus lens having a convex surface facing the
object side.

21. The imaging lens according to claim 16, wherein the
front lens group includes a plurality of lens components, and
the following conditional expression is satisfied:

2.50<(r3F+r2R)/(¥3F-r2R)<3.80

where r2R denotes a radius of curvature of the image side
surface of the most object side lens component in the second
lens group, and r3F denotes a radius of curvature of a lens
surface adjacent to the image side of the image side surface.

22. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

1.55<TL/Zd<1.75

where TL denotes a total lens length of the imaging lens, and
2d denotes a distance along an optical axis between the most
object side lens surface in the first lens group and the most
image side lens surface in the second lens group.

23. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

4.00<7L/Ymax<5.00

where TL denotes a total lens length of the imaging lens, and
Ymax denotes the maximum image height of the imaging
lens.

24. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

0.015</2//1<0.085

where f1 denotes a focal length of the first lens group, and f2
denotes a focal length of the second lens group.

25. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

0.70<f)2R<0.85

where f denotes a focal length of the imaging lens, and f2R
denotes a focal length of the rear lens group.

26. The imaging lens according to claim 16, wherein the
first lens group consists of a positive lens having a convex
surface facing the object side.

27. The imaging lens according to claim 16, wherein a
position of the first lens group is fixed with respect to the
image plane.

28. The imaging lens according to claim 16, wherein the
following conditional expression is satisfied:

0.015</1<0.085
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where f denotes a focal length of the imaging lens, and f1
denotes a focal length of the first lens group.

29. The imaging lens according to claim 16, wherein the
front lens group includes at least one aspherical surface.

30. The imaging lens according to claim 16, wherein the
front lens group includes a plurality of lens components, and
the most object side lens component in the front lens includes
at least one aspherical surface.

31. The imaging lens according to claim 16, wherein the
rear lens group includes at least one aspherical surface.

32. The imaging lens according to claim 16, wherein the
rear lens group includes a plurality of lens components, and
the most image side lens component in the rear lens group
includes at least one aspherical surface.

33. An optical apparatus equipped with the imaging lens
according to claim 16.

34-40. (canceled)

41. A method for manufacturing an imaging lens including,
in order from the object side, a first lens group having positive
refractive power and a second lens group having positive
refractive power, the method comprising steps of:
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disposing the first lens group with a single lens component;

disposing the second lens group consisting of, in order
from the object side, a front lens group, an aperture stop,
and a rear lens group; and

moving at least a portion of the second lens group as a shift
lens group in a direction including a component perpen-
dicular to an optical axis.

42. The method according to claim 41, further comprising

a step of:
satisfying the following conditional expression:

0.00</2R/|f2F|<0.20

where f2F denotes a focal length of the front lens group, and
f2R denotes a focal length of the rear lens group.

43. The method according to claim 41, further comprising
a step of:

satisfying the following conditional expression:

2.50<(r3F+r2R)/(¥3F-r2R)<3.80

where r2R denotes a radius of curvature of the image side

surface of the most object side lens component in the second

lens group, and r3F denotes a radius of curvature of a lens

surface adjacent to the image side of the image side surface.
44. (canceled)



