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(54) OPTICAL SYSTEM FOR IMAGE PICKUP, AND IMAGE PICKUP DEVICE

(57) An optical system (10) for image pickup is com-
posed of a first refractive optical system (S1) disposed
on an object side with respect to an aperture stop (St)
and a second refractive optical system (S2) disposed on
an image plane side with respect to the aperture stop.
The first refractive optical system (S1) includes, in order
from the object side (11), a first lens group (G1) with
positive refractive power, a second lens group (G2) with
positive refractive power, and a third lens group (G3) with
negative refractive power. The second refractive optical
system (S2) includes, in order from the object side (11),
a fourth lens group (G4) with positive refractive power, a
fifth lens group (G5) with positive refractive power, and
a sixth lens group (G6) with negative refractive power.
When focusing from infinity to a short distance, the sec-
ond lens group (G2) and the fourth lens group (G4) move
toward the object side (11).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an optical sys-
tem for image pickup that can be favorably used in an
image pickup apparatus, such as a camera.

BACKGROUND ART

[0002] Japanese Patent Publication No. 2013-104994
(hereinafter referred to as "Document 1") discloses the
provision of an inner focus-type, large-aperture telephoto
macro lens which, while suppressing increases in exter-
nal diameter of the product, has an anti-shake function
capable of obtaining favorable optical characteristics.
The macro lens disclosed in Document 1 is an inner fo-
cus-type, large-aperture telephoto macro lens with an
anti-shake function, and includes, in order from the object
side to the image plane side: a first lens group with pos-
itive refractive power; a second lens group with negative
refractive power; a third lens group with positive refractive
power; a fourth lens group with positive refractive power;
a fifth lens group with negative refractive power; and a
sixth lens group with positive refractive power. The macro
lens is configured so that the image can be moved by
moving the fifth lens group in a direction substantially
perpendicular to the optical axis.

SUMMARY OF INVENTION

[0003] In a telephoto macro lens, the number of lenses
constructing the system is large. As one example, the
macro lens in Document 1 has a nineteen-lens configu-
ration, has a long overall length, is heavy, and is suscep-
tible to camera shake. Even if this lens is made compat-
ible with autofocus (AF), any increase in the number of
lenses that are moved to adjust the focus will increase
the load on the AF system, causing a drop in the focusing
speed. As a particular issue, in recent years, image pick-
up apparatuses such as cameras have started using
large image pickup elements (sensors, imaging ele-
ments, imaging devices). Lens systems (optical systems)
for image pickup using such large image pickup elements
should have the large image circle and tend to become
large in lens diameter and large in overall size. For this
reason, there is demand for the realization of an optical
system that is a telephoto-type macro lens, has a large
image circle, has a simple configuration, and becomes
compact.
[0004] One aspect of the present invention is an optical
system for image pickup consisting of a first refractive
optical system disposed on an object side with respect
to an aperture stop and a second refractive optical system
disposed on an image plane side with respect to the ap-
erture stop. The first refractive optical system includes a
first lens group with positive refractive power, a second
lens group with positive refractive power, and a third lens

group with negative refractive power. The second refrac-
tive optical system includes a fourth lens group with pos-
itive refractive power, a fifth lens group with positive re-
fractive power, and a sixth lens group with negative re-
fractive power. When focusing from infinity to a short dis-
tance (close range), the first lens group, the third lens
group, and the sixth lens group do not move with respect
to the aperture stop and the second lens group and the
fourth lens group move toward the object side.
[0005] This optical system is composed of telephoto-
type (reversed retrofocus type) optical systems that each
have a positive-positive-negative arrangement of refrac-
tive powers and are coupled on the object side and the
image plane side with the aperture stop in between. The
telephoto type optical systems respectively include the
positive lens groups that move during focus adjustment.
By moving these positive lens groups in the same direc-
tion during focus adjustment, it is possible to mainly per-
form the focus adjustments using one of the positive lens
groups and to efficiently correct various aberrations
caused by the movement (travel) of that positive lens
group with the other positive lens group. This means that
focus adjustment is performed with a small number of
lenses and it is possible to provide an optical system that
is capable of favorably correcting aberrations from infinity
to a short distance (close range) using a lens configura-
tion with a low number of lenses. In addition, since the
sixth lens group that is closest to the image plane side
has negative refractive power, it is possible, by disposing
a negative lens on the image plane side, to widen the
light beam toward the image pickup plane and realize an
optical system with a large image circle.
[0006] One example of this optical system is an optical
system with a six-group and ten or eleven-lens configu-
ration where the first lens group is composed of a single
lens with positive refractive power, the second lens group
is composed, in order from the object side, of one ce-
mented lens and a single lens with positive refractive
power, the third lens group is composed of one cemented
lens, the fourth lens group is composed of a single lens
with positive refractive power, the fifth lens group is com-
posed of a single cemented lens, and the sixth lens group
is composed of a single cemented lens or a single lens
with negative refractive power.
[0007] Another aspect of the present invention is an
image pickup apparatus (image capture device, imaging
apparatus) including: the optical system described
above; and an image pickup element disposed on the
image plane side of the optical system. The optical sys-
tem may be an interchangeable lens and the image pick-
up apparatus may include digital cameras, video camer-
as, TV cameras, and action cameras. Since it is possible
to provide a compact optical system with a large aperture,
the image pickup apparatus can be miniaturized.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

1 2 
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[FIG. 1]
FIG. 1 depicts arrangements of an image pickup ap-
paratus including an optical system for image pickup
at each object distance.
[FIG. 2]
FIG. 2 depicts lens data of the optical system shown
in FIG. 1.
[FIG. 3]
FIG. 3 depicts various numerical values of the optical
system shown in FIG. 1 at each object distance.
[FIG. 4]
FIG. 4 depicts various aberrations of the optical sys-
tem shown in FIG. 1 at each object distance.
[FIG. 5]
FIG. 5 depicts arrangements of an image pickup ap-
paratus including another optical system for image
pickup at each object distance.
[FIG. 6]
FIG. 6 depicts lens data of the optical system shown
in FIG. 5.
[FIG. 7]
FIG. 7 depicts various numerical values of the optical
system shown in FIG. 5 at each object distance.
[FIG. 8]
FIG. 8 depicts various aberrations for the optical sys-
tem shown in FIG. 5 at each object distance.
[FIG. 9]
FIG. 9 depicts arrangements of an image pickup ap-
paratus including yet another optical system for im-
age pickup at each object distance.
[FIG. 10]
FIG. 10 depicts lens data of the optical system shown
in FIG. 9.
[FIG. 11]
FIG. 11 depicts various numerical values of the op-
tical system shown in FIG. 9 at each object distance.
[FIG. 12]
FIG. 12 depicts various aberrations of the optical sys-
tem shown in FIG. 9 at each object distance.
[FIG. 13]
FIG. 13 depicts arrangement of an image pickup ap-
paratus including yet another optical system for im-
age pickup at each object distance.
[FIG. 14]
FIG. 14 depicts lens data of the optical system shown
in FIG. 13.
[FIG. 15]
FIG. 15 depicts various numerical values at each
object distance for the optical system shown in FIG.
13.
[FIG. 16]
FIG. 16 depicts various aberrations at each object
distance for the optical system shown in FIG. 13.

DESCRIPTION OF EMBODIMENTS

[0009] FIG. 1 depicts one example of an image pickup
apparatus equipped with an optical system according to

the present invention. The image pickup apparatus (im-
age capture apparatus, imaging apparatus, camera or
camera device) 1 includes an optical system (image pick-
up optical system, image capturing optical system, image
forming optical system, imaging optical system, lens sys-
tem) 10 and an image pickup element (image pickup de-
vice, imaging device) 5 disposed on an image plane side
(image side, image pickup side, image forming side) 12
of the optical system 10. The optical system 10 is an
optical system for image pickup (optical system for cap-
turing image, optical system for imaging) and is com-
posed of a first refractive optical system S1 disposed on
an object side (subject side) 11 with respect to an aper-
ture stop (or simply "stop") St and a second refractive
optical system S2 disposed on the image plane side with
respect to the aperture stop St. The first refractive optical
system S1 includes, in order from the object 11 side, a
first lens group G1 with positive refractive power, a sec-
ond lens group G2 with positive refractive power, and a
third lens group G3 with negative refractive power. The
second refractive optical system S2 includes, in order
from the object 11 side, a fourth lens group G4 with pos-
itive refractive power, a fifth lens group G5 with positive
refractive power, and a sixth lens group G6 with negative
refractive power.
[0010] The optical system 10 is a macro lens that is
telephoto, with a focal length of around 120mm for ex-
ample. The optical system 10 has an inner focus config-
uration so that when focusing from infinity to a short dis-
tance (close range), the first lens group G1, the third lens
group G3, and the sixth lens group G6 do not move with
respect to the aperture stop St, but the second lens group
G2 and the fourth lens group G4 move toward the object
side 11.
[0011] In this optical system 10, the first refractive op-
tical system S1 has a positive-positive-negative arrange-
ment of refractive powers due to the lens groups G1, G2
and G3, and the second refractive optical system S2 has
a positive-positive-negative arrangement of refractive
powers due to the lens groups G4, G5 and G6. This
means that the optical system 10 is an optical system
where telephoto-type ("reversed retrofocus" type) optical
systems S1 and S2 that each have a positive-positive-
negative arrangement of refractive powers are coupled
on the object side 11 and the image plane side 12 with
the aperture stop St in between. In addition, the positive
lens groups G2 and G4 that move during focus adjust-
ment are disposed in the telephoto-type optical systems
S1 and S2. During focus adjustment, these positive lens
groups G2 and G4 move in the same direction, that is,
toward the object side 11 when focusing from infinity to
a short distance. By using this configuration, it is possible
to mainly perform focus adjustments using one of the
positive lens groups and to efficiently correct various ab-
errations caused by the movement of that positive lens
group with the other positive lens group.
[0012] By this configuration, focus adjustment can be
performed with a small number of lenses. As one exam-
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ple, in the optical system 10 according to the present
embodiment, the lens group G2 has a three-lens config-
uration and the lens group G4 has a single-lens config-
uration. In addition, it is possible to provide the optical
system 10 that is compact with an overall length of around
120mm, is lightweight, and is capable of favorably cor-
recting aberrations from infinity to a short distance with
a low number of lenses, in the present embodiment as
one example, with an overall configuration of 10 lenses
in spite of being a telephoto-type macro lens.
[0013] Accordingly, it is possible to provide a telephoto
macro lens that is lightweight and is not susceptible to
camera shake. In addition, since it is possible to suppress
the number of lenses that move when varying the focal
length, it is possible, for an autofocus-type macro lens,
to provide a macro lens that can reduce the load on the
autofocus mechanism and thereby has a highly sensitive
and highly precise autofocus function. In the optical sys-
tem 10, the first lens group G1 and the sixth lens group
G6 do not move during adjustments of focal length, so
that the overall length AL of the optical system 10 is fixed.
This means that it is possible to provide an optical system
10 where it is easy to adjust the object distance (shooting
distance) without changing the overall lens length AL dur-
ing macro shooting (macro photographing).
[0014] In addition, by disposing a negative lens L61 as
the final sixth lens group G6 on the image plane side 12,
it is possible to widen the light beam 16 that reaches the
image pickup plane 5a and provide the optical system
10 with a large image circle. For the optical system 10
according to the present embodiment, the diameter of
the image circle is 56mm.
[0015] Typically in the optical system 10, focus adjust-
ment is mainly performed by the lens group G4 with pos-
itive refractive power in the second refractive optical sys-
tem S2, and the various aberrations caused by the move-
ment of the lens group G4 can be corrected by the lens
group G2 with positive refractive power in the first refrac-
tive optical system S1. In this optical system 10, the sec-
ond lens group G2 includes a first cemented lens B1, and
the amount of movement (travel distance) PF1 of the
second lens group G2 during focusing and the amount
of movement (travel distance) PB1 of the fourth lens
group G4 during focusing satisfy Condition (1) below.
Note that in this specification, the movement directions
(amount of movement, movement distances, travel dis-
tance) of the lens groups are expressed with the object
side 11 as positive, and when focusing so that the object
distance moves from infinity to a short distance, the sec-
ond lens group G2 and the fourth lens group G4 move
in the positive direction, that is, from the image plane side
12 toward the object side 11. 

The second lens group G2 moves mainly to correct chro-

matic aberration. If the lower limit of Condition (1) is ex-
ceeded, correction of aberration such as curvature of field
becomes excessive and the movement distance of the
second lens group G2 is too large, which makes it difficult
to make the optical system 10 compact. If the upper limit
of Condition (1) is exceeded, the amount of movement
PF1 of the second lens group G2 is too small relative to
the amount of movement PB1 of the fourth lens group
G4 that moves during focus adjustment, making it difficult
to correct aberrations. The lower limit of Condition (1)
may be 2 and the upper limit may be 5.
[0016] The amount of movement PF1 of the second
lens group G2 and the total length AL of the optical system
10 may satisfy Condition (2) below. 

If the lower limit of Condition (2) is exceeded, the amount
of movement PF1 of the second lens group G2 will be
too small to fully compensate for variations in chromatic
aberration due to changes in the focal length. If the upper
limit is exceeded, correction of aberrations, such as cur-
vature of field, will be excessive, and it becomes difficult
to realize a compact optical system 10. The upper limit
of Condition (2) may be 0.12, or may be 0.10.
[0017] The first cemented lens B1 included in the sec-
ond lens group G2 that mainly corrects variations in chro-
matic aberration with respect to variations in focal length
is a balsam lens, and includes a lens L21 with positive
refractive power and a lens L22 with negative refractive
power. The refractive index nd21 and the Abbe number
vd21 of the lens L21 and the refractive index nd22 and
the Abbe number vd22 of the lens L22 may satisfy Con-
dition (3) below. 

By disposing the balsam lens B1, which satisfies Condi-
tion (3) and is capable of effectively correcting chromatic
aberration, in the second lens group G2 that moves when
the focal length moves, it is possible to effectively correct
variations in chromatic aberration relative to variations in
the focal length.
[0018] In addition, the surface on the image plane side
12 of the first cemented lens B1 is a surface that is con-
cave on the image plane side 12, and the second lens
group G2 may be constructed of the first cemented lens
B1, and a lens L23 that is adjacent to the image plane
side surface of the first cemented lens B1 with a minimum
air gap in between and whose object side 11 surface is
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convex toward the object side 11. By using a combination
of the cemented lens B1 that is concave on the image
plane side 12 and the lens L23 that is convex toward the
object side 11 in the second lens group G2, it is possible
to dispose many surfaces that are effective in correcting
aberration in a narrow space. This means that the lens
group G2 that moves during focus adjustment can have
a compact configuration and high aberration correction
performance.
[0019] The amount of movement PB1 of the fourth lens
group G4 that moves mainly to adjust the focal length
(i.e., for focusing) and the overall length AL of the optical
system 10 may satisfy Condition (4) below. 

If the lower limit of Condition (4) is exceeded, the amount
of movement (travel distance) PB1 of the fourth lens
group G4 becomes too small, which makes the adjust-
ment range of the focal length too narrow. On the other
hand, when the upper limit of Condition (4) is exceeded,
it becomes difficult to provide a compact optical system
10. The lower limit of Condition (4) may be 0.20, and the
upper limit may be 0.35.
[0020] Typically, the fourth lens group G4 may be con-
figured as a single lens L41 that has positive refractive
power. By constructing the fourth lens group G4, which
moves for adjustment of focal length, of a single lens L41
as the minimum configuration, it is possible to reduce the
number of lenses that compose the optical system 10
and to reduce the load on an autofocus mechanism,
which makes it possible to provide an optical system 10
with high focus adjustment performance (sensitivity and
precision).
[0021] The refractive index nd41 and the Abbe number
vd41 of the lens L41 that constructs the fourth lens group
G4 may satisfy Condition (5) below. 

By placing an ED lens (that is a special low dispersion
lens or anomalous dispersion lens) in the fourth lens
group G4 that moves to change the focal length, varia-
tions in chromatic aberration due to variations in focal
length are also effectively corrected by the fourth lens
group G4.
[0022] In addition, in this optical system 10, a cement-
ed lens B3 may be disposed in the fifth lens group G5
and configured to move during focusing. By additionally
moving the positive fifth lens group G5 included in the
second refractive optical system S2 during adjustment
of focal length, it is possible to have the fifth lens group
G5 contribute to the correction of chromatic aberration

during macro magnification and possible to suppress an
increase in the amount of movement PF1 of the second
lens group G2, thereby making it possible to provide a
much more compact optical system 10. Like the other
positive lens groups G2 and G4, the fifth lens group G5
may simply move from the image plane side 12 toward
the object side 11 during focusing from infinity to a short
distance (at macro magnification), may move in the re-
verse direction (minus direction, from the object side 11
toward the image plane side 12), or the movement direc-
tion may change midway depending on the object dis-
tance.
[0023] Typically, in the optical system 10, the third lens
group G3 may be composed of a single cemented lens
B2 and the fifth lens group G5 may be composed of a
single cemented lens B3. The first lens group G1 may
be composed of a single lens that has positive refractive
power, and the sixth lens group G6 may be composed
of a single cemented lens or a single lens with negative
refractive power. Accordingly, in the optical system 10,
the first lens group G1 may be composed of one lens,
the second lens group G2 may be composed of three
lenses, the third lens group G3 may be composed of two
lenses, the fourth lens group G4 may be composed of
one lens, the fifth lens group G5 may be composed of
two lenses, and the sixth lens group G6 may be com-
posed of one or two lenses, so that the number of lenses
in the optical system 10 as a whole may be as low as ten
or eleven.

Example 1

[0024] The optical system 10 depicted in FIG. 1 in-
cludes a first refractive optical system S1 disposed on
the object side 11 with respect to the aperture stop (stop)
St and a second refractive optical system S2 disposed
on the image plane side 12 with respect to the aperture
stop St. The first refractive optical system S1 is com-
posed, along the optical axis 15 and in order from the
object side 11, of the first lens group G1 that has positive
refractive power, a second lens group G2 that has pos-
itive refractive power, and a third lens group G3 that has
negative refractive power. The first lens group G1 has a
single-lens configuration composed of a biconvex posi-
tive lens L11, and the second lens group G2 has a three-
lens configuration composed of a balsam lens (cemented
lens), which is made up of a biconvex positive lens L21
and a biconcave negative lens L22, and a positive me-
niscus lens L23 that is convex toward the object side 11.
The object side 11 surface of the meniscus lens L23 is
adjacent to the concave surface on the image plane side
12 of the cemented lens B1 with a minimum air gap in
between. The third lens group G3 has a two-lens config-
uration composed of a balsam lens (cemented lens) B2,
which is made up of a positive meniscus lens L31 that is
convex toward the image plane side 12 and a negative
biconcave lens L32.
[0025] The second refractive optical system S2 is com-
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posed, along the optical axis 15 and in order from the
object side 11, of the fourth lens group G4 that has pos-
itive refractive power, the fifth lens group G5 that has
positive refractive power, and the sixth lens group G6
that has negative refractive power. The fourth lens group
G4 has a single-lens configuration composed of a bicon-
vex positive lens L41, and the fifth lens group G5 has a
two-lens configuration composed of a balsam lens (ce-
mented lens), which is made up of a biconcave negative
lens L51 and a biconvex positive lens L52. The sixth lens
group G6 has a single-lens configuration composed of a
biconcave negative lens L61 where the radius of curva-
ture of the object side 11 surface is smaller than the radius
of curvature of the image plane side 12 surface.
[0026] FIG. 1(a) depicts the arrangement of lenses
when the object distance (shooting distance) is infinite,
FIG. 1(b) depicts the arrangement of lenses when the
object distance from the image plane 5a is 2.0m, and
FIG. 1(c) depicts the arrangement of lenses when the
object distance is the minimum (that is, a short distance,
the closest distance, in more detail when the image pick-
up distance is 0.43m from the image plane 5a). The ar-
rangements of lenses depicted for the following specific
examples are also the same.
[0027] FIG. 2 depicts data on each lens that constructs
the optical system 10. The radius of curvature (Rdy) is
the radius of curvature (mm) of each surface of each lens
arranged in order from the object side 11, the distance
(interval, gap) Thi is the distance (mm) between the lens
surfaces, the effective diameter H∗2 is the effective di-
ameter (diameter, mm) of each lens surface, the refrac-
tive index nd is the refractive index (d line) of each lens,
and the Abbe number vd is the Abbe number (d line) of
each lens. The lens names and the focal length (com-
bined focal length mm) of each group are also depicted.
Note that although every lens that constructs the optical
system 10 is a spherical lens in this example, the lenses
may include an aspherical lens. The distance Thi for each
surface is indicated for when the object distance is infi-
nite.
[0028] In the optical system 10, the second lens group
G2, the fourth lens group G4, and the fifth lens group G5
move to adjust the focal length according to the object
distance, and the other lens groups G1, G3, and G6 and
the aperture St do not move. FIG. 3 depicts the values
of the distances Thi2, Thi7, Thi11, Thi13, and Thi16, the
combined focal length (mm) of the optical system 10, the
f number, the magnification, the object distance (mm),
and the angle of view that change when the object dis-
tance is infinite, 2.0m, and 0.43m (shortest distance, clos-
est range). The same applies to the lens data given later
in this specification.
[0029] FIGS. 4(a), (b), and (c) depict the spherical ab-
erration, astigmatism, and distortion of the optical system
10 at infinite, intermediate (2.0 m) and the closest (0.43
m) object distances. Spherical aberration is depicted for
a wavelength of 435.8340 nm (dot-dot-dash line), a
wavelength of 486.1330 nm (long dash line), a wave-

length of 546.0740 nm (solid line), a wavelength of
587.5620 nm (dot-dash line), and a wavelength of
656.2730 nm (short dash line). Astigmatism is depicted
for tangential rays T and sagittal rays S. The same applies
to the aberration diagrams given later.
[0030] Numerical values indicating the main perform-
ance of the optical system 10 are as follows.
Image circle: cp56mm
Overall lens length (LA): 119.07mm
Focal length (infinity): 120mm
Magnification (closest distance): 0.5
Amount of Movement (PF1) of second lens group G2:
6.67mm
Amount of Movement (PB1) of fourth lens group G4:
27.64mm

Condition (1) (PB1/PF1): 4.14
Condition (2) (PF1/AL): 0.056
Condition (4) (PB1/AL): 0.232

[0031] This image pickup optical system 10 has a focal
length of 120mm and a magnification of 0.5 at the shortest
(closest) distance (range), and therefore performs as a
telephoto-type macro lens. This optical system 10 is a
telephoto type with a positive-positive-negative arrange-
ment of refractive powers before and after the stop St,
and is an inner focus type where the total length LA is
constant and the second lens group G2, the fourth lens
group G4, and the fifth lens group G5, which are disposed
inside the optical system and have positive refractive
power, move to adjust the focal length. In addition, Con-
ditions (1), (2) and (4) given earlier are satisfied. The
cemented lens B1 of the second lens group G2 satisfies
Condition (3) and the lens L41 of the fourth lens group
G4 satisfies Condition (5). Therefore, it is possible to pro-
vide an optical system 10 which, while having a simple
configuration with a total of 10 lenses, performs as a tel-
ephoto-type macro lens and, as depicted in FIG. 4, favo-
rably corrects various aberrations at each object dis-
tance.
[0032] In addition, the optical system 10 has a large
image circle of 56mm, and a compact overall size with a
total length LA of 120mm or shorter and a maximum lens
diameter of 42mm or less. This means that a lightweight
telephoto macro lens can be provided by the optical sys-
tem 10, which makes it easy to reduce camera shake.
The fourth lens group G4 that moves greatly during macro
photographing has a single-lens configuration, and the
second lens group G2 that moves together with this has
a three-lens configuration composed of the cemented
lens B1 and a positive lens. The fifth lens group G5 that
moves slightly in order to further improve the aberration
performance is a single cemented lens B3, or in other
words, has a two-lens configuration. Accordingly, it is
possible to provide the optical system 10 where a small
number of lenses move during macro shooting (macro
photographing), where it is easy to adjust focus when
focusing manually or when using AF, and where varia-
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tions in object distance can be easily handled.

Example 2

[0033] FIG. 5 depicts an example of a camera 1 pro-
vided with a different image pickup optical system 10.
This optical system 10 performs as a telephoto-type mac-
ro lens as well as the optical system (lens system) ac-
cording to Example 1. The basic configuration of this op-
tical system 10 is the same as the optical system of Ex-
ample 1 depicted in FIG. 1, and is an optical system 10
that is an inner focus type where the total length LA is
constant, where the lens groups G1 to G3 that have pos-
itive-positive-negative refractive powers are disposed on
the object side 11 and the lens groups G4 to G6 that have
positive-positive-negative refractive powers are dis-
posed on the image plane side 12 with the aperture stop
(stop) St in between, and where the lens groups G2, G4,
and G5, which are disposed inside the optical system
and have positive refractive power, move to adjust the
focal length. This optical system 10 also realizes a com-
pact and lightweight telephoto macro lens with a simple
configuration composed of a total of 10 lenses.
[0034] When the object distance moves from infinity to
a short distance, the fifth lens group G5 in the optical
system according to Example 1 simply moves toward the
object side 11. In this optical system 10 however, the fifth
lens group G5 first moves toward the image plane side
12 up to the intermediate distance (where the object dis-
tance is 2.0m) and then moves toward the object side 11
until the shortest distance (where the object distance is
0.43m, closest range). The amount of movement PB2 of
the fifth lens group G5 when focusing from infinity to the
shortest distance is -1.01mm, and moves on the direction
from the object side 11 toward the image plane side 12
that is the opposite direction to the movement of the sec-
ond lens group G2 and the fourth lens group G4. By mov-
ing the fifth lens group G5, which has positive refractive
power, in the opposite direction, it is possible to correct
chromatic aberration and the like even more favorably,
and it is possible to achieve a sufficient movement dis-
tance for the fourth lens group G4, which moves toward
the object side 11, to adjust the focal length. The amount
of movement PB2 of the fifth lens group G5 may satisfy
Condition (6) below. Here, as described earlier, it is as-
sumed that an amount of movement (direction) from the
image plane side 12 toward the object side 11 is set as
positive. 

[0035] FIG. 6 depicts data on each lens that constructs
the optical system 10. FIG. 7 shows the values of the
distances Thi2, Thi7, Thi11, Thi13, Thi16 and various
values of the optical system 10 when the object distance
is infinite, an intermediate (2.0 m), and the closest (short-

est) (0.43 m). FIGS. 8(a), (b), and (c) depict the spherical
aberration, astigmatism, and distortion of the optical sys-
tem 10 at the infinite, intermediate (2.0 m), and the closest
(0.43 m) object distances.
[0036] Numerical values indicating the main perform-
ance of the optical system 10 are as follows.
Image circle: cp56mm
Overall lens length (LA): 120.84mm
Focal length (infinity): 120mm
Magnification (closest): 0.5
Amount of Movement (PF1) of second lens group G2:
8.24mm
Amount of Movement (PB1) of fourth lens group G4:
40.39mm

Condition (1) (PB1/PF1): 4.90
Condition (2) (PF1/AL): 0.068
Condition (4) (PB1/AL): 0.334

[0037] As described above, this optical system 10 has
a magnification of 0.5 at the closest range and a focal
length of 120mm, and therefore performs as a telephoto-
type macro lens. Conditions (1), (2), and (4) given earlier
are satisfied. The cemented lens B1 of the second lens
group G2 satisfies Condition (3), and the lens L41 of the
fourth lens group G4 satisfies Condition (5). Therefore,
it is possible to provide an optical system 10 which, while
having a simple configuration with a total of 10 lenses,
performs as a telephoto-type macro lens and, as depicted
in FIG. 8, favorably corrects various aberrations at each
object distance (shooting distance).

Example 3

[0038] FIG. 9 depicts an example of a camera 1 pro-
vided with yet another image pickup optical system 10.
This optical system 10 performs as a telephoto-type mac-
ro lens as well as the optical system (lens system) ac-
cording to Example 1. The basic configuration of this op-
tical system 10 is the same as the optical system of Ex-
ample 1 depicted in FIG. 1, and has the lens groups G1
to G3 that have positive-positive-negative refractive pow-
ers disposed on the object side 11 and the lens groups
G4 to G6 that have positive-positive-negative refractive
powers disposed on the image plane side 12 with the
aperture stop (stop) St in between.
[0039] In this optical system 10, to adjust the focal
length, the lens groups G2 and G4, which are disposed
inside the optical system and have positive refractive
power, move but the fifth lens group G5 does not move.
Accordingly, in this optical system 10, together with the
sixth lens group G6, the fifth lens group G5 constructs a
non-moving lens group (fifth lens group) disposed closest
to the image plane side 12. The combined focal length
of this lens group is -130.39mm, making it a lens group
with negative refractive power. This means that this op-
tical system 10 can be regarded as a five-group config-
uration with positive, positive, negative, positive, and
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negative refractive powers, and during focusing, the two
lens groups G2 and G4 with positive refractive power,
excluding the first lens group G1 that has positive refrac-
tive power and is disposed closest to the object side 11,
move synchronously toward the object side 11.
[0040] Accordingly, this optical system 10 is an inner
focus-type optical system 10 with a constant overall
length LA, has a simple configuration with a total of 10
lenses, and is also capable of limiting the lens groups
that move during focusing to two groups. This means that
it is possible to provide an optical system 10 that is a
compact and lightweight telephoto macro lens, facilitates
adjustment of focus, and can further reduce the load on
AF.
[0041] FIG. 10 depicts data on each lens that con-
structs this optical system 10. FIG. 11 depicts the values
of the distances Thi2, Thi7, Thi11, and Thi13 and various
values of the optical system 10 when the object distance
is an infinite, an intermediate (2.0m) and the closest
(shortest) (0.43m). FIGS. 12(a), 12(b), and 12(c) depict
spherical aberration, astigmatism, and distortion of the
optical system 10 at the infinite, intermediate (2.0m), and
the closest (0.43m) object distances.
[0042] Numerical values indicating the main perform-
ance of the optical system 10 are as follows.
Image circle: cp56mm
Overall lens length (LA): 114.14mm
Focal length (infinity): 120mm
Magnification (closest): 0.5
Amount of Movement (PF1) of second lens group G2:
10.52mm
Amount of Movement (PB1) of fourth lens group G4:
29.32mm

Condition (1) (PB1/PF1):2.79
Condition (2) (PF1/AL):0.092
Condition (4) (PB1/AL):0.257

[0043] As described above, this optical system 10 has
a magnification of 0.5 at the closest range and a focal
length of 120mm, and therefore performs as a telephoto-
type macro lens. Conditions (1), (2), and (4) given earlier
are satisfied. The cemented lens B1 of the second lens
group G2 satisfies Condition (3), and the lens L41 of the
fourth lens group G4 satisfies Condition (5). Therefore,
it is possible to provide an optical system 10 which, while
having a simple configuration with a total of 10 lenses,
performs as a telephoto-type macro lens and, as depicted
in FIG. 12, favorably corrects various aberrations at each
object distance.

Example 4

[0044] FIG. 13 depicts an example of a camera 1 pro-
vided with yet another image pickup optical system 10.
Like the optical system (lens system) according to Ex-
ample 1, this optical system 10 performs as a telephoto-
type macro lens. The basic configuration of the optical

system 10 is the same as the optical system of Example
1 depicted in FIG. 1, and has the lens groups G1 to G3
that have positive-positive-negative refractive powers
disposed on the object side 11 and the lens groups G4
to G6 that have positive-positive-negative refractive pow-
ers disposed on the image plane side 12 with the aperture
stop (stop) St in between.
[0045] The first lens group G1 has a single-lens con-
figuration composed of a positive meniscus lens L11 that
is convex toward the object side 11 and the second lens
group G2 has a three-lens configuration composed, in
order from the object side 11, of a balsam lens (cemented
lens) B1, which is made up of a positive meniscus lens
L21 that is convex on the object side 11 and a negative
meniscus lens L22 that is convex toward the object side
11, and a positive meniscus lens L23 that is convex to-
ward the object side 11. The object side 11 surface of
the meniscus lens L23 is adjacent to the concave surface
on the image plane side 12 of the cemented lens B1 with
a minimum air gap in between. The third lens group G3
has a two-lens configuration composed of a balsam lens
(cemented lens) B2, which is made up, in order from the
object side 11, of a positive meniscus lens L31 that is
convex toward the image plane side 12 and a negative
biconcave lens L32.
[0046] The fourth lens group G4 has a single-lens con-
figuration composed of a positive meniscus lens L41 that
is convex toward the image plane side 12, and the fifth
lens group G5 has a two-lens configuration composed
of a balsam lens (cemented lens) B3 made up, in order
from the object side 11, of a positive meniscus lens L51
that is convex toward the object side 11 and a negative
meniscus lens L52 that is convex toward the object side
11. The sixth lens group G6 has a two-lens configuration
composed of a balsam lens (cemented lens) B4 made
up, in order from the object side 11, of a negative bicon-
cave lens L61 and a positive biconvex lens L62. Accord-
ingly, the optical system 10 is composed of a total of
eleven lenses disposed along the optical axis 15.
[0047] With this optical system 10, like the optical sys-
tem of Example 3, to adjust the focal length, the lens
groups G2 and G4, which are disposed inside the optical
system and have positive refractive power, move but the
fifth lens group G5 does not move. Accordingly, in this
optical system 10, together with the sixth lens group G6,
the fifth lens group G5 constructs a non-moving lens
group (fifth lens group) disposed closest to the image
plane side 12. The combined focal length of the non-
moving lens group including the lenses L51, L52, L61,
and L62 is -653.51mm, making it a lens group with neg-
ative refractive power. This means that like the optical
system of Example 3, this optical system 10 may also be
regarded as a five-group configuration of positive, posi-
tive, negative, positive, and negative refractive powers,
and during focusing, the two lens groups G2 and G4 with
positive refractive power, excluding the first lens group
G1 that has positive refractive power and is disposed
closest to the object side 11, move synchronously toward
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the object side 11.
[0048] Accordingly, this optical system 10 is an inner
focus-type optical system 10 with a constant overall
length LA, has a simple configuration with a total of 11
lenses, and is also capable of limiting the lens groups
that move during focusing to two. This means that it is
possible to provide an optical system 10 that is a compact
and lightweight telephoto macro lens, facilitates adjust-
ments of focus, and can further reduce the load on AF.
[0049] FIG. 14 depicts data on each lens that con-
structs this optical system 10. FIG. 15 depicts the values
of the distances Thi2, Thi7, Thill, and Thi13 and various
values of the optical system 10 when the object distance
is an infinite, an intermediate (2.0m) and the closest
(shortest distance) (0.43m). FIGS. 16(a), 16(b), and 16(c)
depict spherical aberration, astigmatism, and distortion
of the optical system 10 at the infinite, intermediate
(2.0m), and the closest (0.43m) object distances.
[0050] Numerical values indicating the main perform-
ance of the optical system 10 are as follows.
Image circle: cp56mm
Overall lens length (LA): 115.59mm
Focal length (infinity): 120mm
Magnification (closest): 0.5
Amount of Movement (PF1) of second lens group G2:
13.65mm
Amount of Movement (PB1) of fourth lens group G4:
31.01mm

Condition (1) (PB1/PF1):2.41
Condition (2) (PF1/AL):0.118
Condition (4) (PB1/AL):0.268

[0051] As described above, this optical system 10 has
a magnification of 0.5 at the closest (shortest distance)
and a focal length of 120mm, and therefore performs as
a telephoto-type macro lens. Conditions (1), (2), and (4)
given earlier are satisfied. The cemented lens B1 of the
second lens group G2 satisfies Condition (3), and the
lens L41 of the fourth lens group G4 satisfies Condition
(5). This means that it is possible to provide an optical
system 10 which, while having a simple configuration with
a total of 11 lenses, performs as a telephoto-type macro
lens, further improves the aberration correction perform-
ance by disposing the cemented lens B4 in the sixth lens
group G6, and, as depicted in FIG. 16, favorably corrects
various aberrations at each object distance.
[0052] In this way, the various optical systems (lens
systems) 10 disclosed above are all compact, large-ap-
erture optical systems 10 that relate to image pickup (im-
age capturing, imaging) optical devices and digital appli-
ances, and are suited to interchangeable lens digital
cameras, video cameras, TV cameras, action cameras
and the like that photograph the landscape or an object
using an image pickup element. These optical systems
are especially suitable as a lens system with a large im-
age circle to be used with a large image capture sensor
5. It is possible to provide an optical system 10 that has

a short overall length LA, is bright and wide angle, favo-
rably corrects aberrations, and performs as a telephoto-
type macro lens in spite of having a simple configuration
composed of 10 or 11 lenses.

Claims

1. An optical system for image pickup consisting of a
first refractive optical system disposed on an object
side with respect to an aperture stop and a second
refractive optical system disposed on an image plane
side with respect to the aperture stop,
wherein the first refractive optical system includes,
in order from the object side, a first lens group with
positive refractive power, a second lens group with
positive refractive power, and a third lens group with
negative refractive power,
the second refractive optical system includes, in or-
der from the object side, a fourth lens group with
positive refractive power, a fifth lens group with pos-
itive refractive power, and a sixth lens group with
negative refractive power, and
when focusing from infinity to a short distance, the
first lens group, the third lens group, and the sixth
lens group do not move with respect to the aperture
stop and the second lens group and the fourth lens
group move toward the object side.

2. The optical system according to claim 1,
wherein the second lens group includes a first ce-
mented lens and an amount of movement PF1 of the
second lens group during focusing and an amount
of movement PB1 of the fourth lens group during
focusing satisfy a following condition. 

3. The optical system according to claim 2,
wherein the amount of movement PF1 and an overall
length AL of the optical system satisfy a following
condition. 

4. The optical system according to claim 2 or 3,
wherein the first cemented lens includes a lens L21
with positive refractive power and a lens L22 with
negative refractive power, and
a refractive index nd21 and an Abbe number vd21
of the lens L21 and a refractive index nd22 and an
Abbe number vd22 of the lens L22 satisfy the follow-
ing conditions. 
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5. The optical system according to any one of claims 2
to 4,
wherein an image plane side surface of the first ce-
mented lens is a surface that is concave on the image
plane side, and the second lens group includes a
lens with an object side surface that is convex toward
the object side and is adjacent to the image plane
side surface of the first cemented lens with a mini-
mum air gap in between.

6. The optical system according to any one of claims 2
to 5,
wherein the amount of movement PB1 and the over-
all length AL of the optical system satisfy the follow-
ing condition.

7. The optical system according to any one of claims 1
to 6,
wherein the fourth lens group is composed of a single
lens L41 with positive refractive power.

8. The optical system according to claim 7,
wherein a refractive index nd41 and an Abbe number
vd41 of the lens L41 satisfy the following conditions. 

9. The optical system according to any one of claims 1
to 8,
wherein the fifth lens group includes a cemented lens
and moves during focusing.

10. The optical system according to any one of claims 1
to 9,
wherein the third lens group is composed of a single
cemented lens and the fifth lens group is composed
of a single cemented lens.

11. The optical system according to claim 10,
wherein the first lens group is composed of a single-
lens with positive refractive power, and the sixth lens
group is composed of a single cemented lens or a
single lens with negative refractive power.

12. The optical system according to any one of claims 1
to 10,
wherein the first lens group is composed of a single
lens with positive refractive power, the second lens
group is composed, in order from the object side, of
one cemented lens and a single lens with positive
refractive power, the third lens group is composed
of one cemented lens, the fourth lens group is com-
posed of a single lens with positive refractive power,
the fifth lens group is composed of a single cemented
lens, and the sixth lens group is composed of a single
cemented lens or a single lens with negative refrac-
tive power.

13. An image pickup apparatus comprising:

an optical system according to any one of claims
1 to claim 12; and
an image pickup element disposed on the image
plane side of the optical system.
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