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IMAGE PICKUP APPARATUS EQUIPPED
WITH ZOOM LENS WITH BENT OPTICAL
PATH

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a divisional of U.S.
patent application Ser. No. 14/886,800 filed on Oct. 19,
2015, which is a divisional of U.S. patent application Ser.
No. 13/532,573 filed on Jun. 25, 2012, which is based upon
and claims the benefit of priority from the prior Japanese
Patent Application No. 2011-140553 filed on Jun. 24, 2011,
the prior Japanese Patent Application No. 2011-189895 filed
on Aug. 31, 2011, the prior Japanese Patent Application No.
2011-211232 filed on Sep. 27, 2011, and the prior Japanese
patent Application No. 2011-211233 filed on Sep. 27, 2011;
the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to an image pickup
apparatus equipped with a zoom lens with a bent optical
path.

[0004] Description of the Related Art

[0005] As a zoom lens that facilitates a reduction in the
size of an image pickup apparatus with respect the thickness
direction, there has been known a type of zoom lens in which
a reflecting member is provided in the first lens unit that rays
coming from the object enter firstly to bend the optical path.
[0006] Among zoom lenses of this type, zoom lenses
composed of lens units respectively having, in order from
the object side to the image side, negative, positive, nega-
tive, and positive refractive powers, including the first lens
unit having a negative refractive power in which the reflect-
ing member is provided have been developed as disclosed in
Japanese Patent Application Laid-Open No. 2006-330349,
Japanese Patent Application Laid-Open No. 2007-232974,
Japanese Patent Application Laid-Open No. 2006-343554,
Japanese Patent Application Laid-Open No. 2010-152148,
Japanese Patent Application Laid-Open No. 2011-59496,
Japanese Patent Application Laid-Open No. 2011-59497,
and Japanese Patent Application Laid-Open No. 2011-
59498.

SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present invention,
there is provided an image pickup apparatus equipped with
a zoom lens with a bent optical path, comprising:

[0008] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0009] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0010] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0011] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the third lens
unit moves in such a way that it becomes closest to the

Feb. 9, 2017

second lens unit at an intermediate focal length position
in the course of zooming from the wide angle end to the
telephoto end as compared to the state at the wide angle
end and the state at the telephoto end, and the fourth
lens unit moves, and

[0012] the following conditional expression (1) is sat-
isfied:
0.3<D335/D345<9 1),

where D,;;; is the axial distance between the second lens
unit and the third lens unit at the wide angle end, and D5,
is the axial distance between the third lens unit and the
fourth lens unit at the wide angle end.
[0013] According to a second aspect of the present inven-
tion, there is provided an image pickup apparatus equipped
with a zoom lens with a bent optical path comprising:
[0014] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and
[0015] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein
[0016] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0017] the total number of lens units in the zoom lens is
four,
[0018] during zooming from the wide angle end to the

telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes,

[0019] the second lens unit comprises at least three lens
components including an object side positive lens com-
ponent having a positive refractive power and located
closest to the object side among the lens components in
the second lens unit, an image side positive lens com-
ponent having a positive refractive power and located
closest to the image side among the lens components in
the second lens unit, and a cemented lens component
including a positive lens and a negative lens and
located between the object side positive lens compo-
nent and the image side positive lens component, and

[0020] the following conditional expression (Al) is
satisfied:
0.1< p/fr<0.61 (A1),

where f, is the focal length of the object side positive lens
component in the second lens unit, and f, ; is the focal length
of the image side positive lens component in the second lens
unit.
[0021] According to a third aspect of the present inven-
tion, there is provided an image pickup apparatus equipped
with a zoom lens with a bent optical path comprising:
[0022] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and
[0023] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein
[0024] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive



US 2017/0038568 Al

power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0025] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes,

[0026] the first lens unit comprises, in order from the
object side to the image side along the optical axis, a
negative single lens having a negative refractive power,
the reflecting member, and a positive single lens having
a positive refractive power and having a meniscus
shape with a convex surface facing the object side,

[0027] the total number of lenses in the first lens unit is
two, and
[0028] the reflecting member is a reflecting prism hav-

ing a flat entrance surface and a flat exit surface.
[0029] According to a fourth aspect of the present inven-
tion, there is provided an image pickup apparatus equipped
with a zoom lens with a bent optical path comprising:

[0030] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0031] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0032] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0033] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes, and

[0034] the second lens unit comprises at least five lenses
including a plurality of positive lenses and at least one
negative lens.

[0035] According to a fifth aspect of the present invention,
there is provided an image pickup apparatus equipped with
a zoom lens with a bent optical path comprising:

[0036] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0037] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein the zoom
lens comprises, in order from the object side to the
image side, a first lens unit including the reflecting
member and having a negative refractive power, a
second lens unit having a positive refractive power, a
third lens unit having a negative refractive power, and
a fourth lens unit having a positive refractive power,
during zooming from the wide angle end to the tele-
photo end, the second lens unit moves closer to the first
lens unit toward the object side, the distance between
the second lens unit and the third lens unit changes, and
the distance between the third lens unit and the fourth
lens unit changes, the second lens unit comprises at
least four lenses including a plurality of positive lenses
and at least one negative lens, the zoom lens has an
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aperture stop that moves toward the object side during
zooming from the wide angle end to the telephoto end,
and the following conditional expression (C1) is satis-
fied:

1<D, /pS<2.35 (1),

where D, is the distance on the optical axis from the lens
surface closest to the object side to the lens surface closest
to the image side in the second lens unit, and ¢S is the largest
effective diameter of the aperture of the aperture stop at the
wide angle end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIGS. 1A, 1B, and 1C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a first
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 1A shows the state of the zoom lens at the wide angle
end, FIG. 1B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 1C shows the state
of the zoom lens at the telephoto end;

[0039] FIGS. 2A, 2B, and 2C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a second
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 2A shows the state of the zoom lens at the wide angle
end, FIG. 2B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 2C shows the state
of the zoom lens at the telephoto end;

[0040] FIGS. 3A, 3B, and 3C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a third
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 3A shows the state of the zoom lens at the wide angle
end, FIG. 3B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 3C shows the state
of the zoom lens at the telephoto end;

[0041] FIGS. 4A, 4B, and 4C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a fourth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 4A shows the state of the zoom lens at the wide angle
end, FIG. 4B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 4C shows the state
of the zoom lens at the telephoto end;

[0042] FIGS. 5A, 5B, and 5C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a fifth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 5A shows the state of the zoom lens at the wide angle
end, FIG. 5B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 5C shows the state
of the zoom lens at the telephoto end;

[0043] FIGS. 6A, 6B, and 6C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a sixth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 1A shows the state of the zoom lens at the wide angle
end, FIG. 1B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 1C shows the state
of the zoom lens at the telephoto end;



US 2017/0038568 Al

[0044] FIGS. 7A, 7B, and 7C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a seventh
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 7A shows the state of the zoom lens at the wide angle
end, FIG. 7B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 7C shows the state
of the zoom lens at the telephoto end;

[0045] FIGS. 8A, 8B, and 8C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a eighth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 8A shows the state of the zoom lens at the wide angle
end, FIG. 8B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 8C shows the state
of the zoom lens at the telephoto end;

[0046] FIGS. 9A, 9B, and 9C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a ninth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 9A shows the state of the zoom lens at the wide angle
end, FIG. 9B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 9C shows the state
of the zoom lens at the telephoto end;

[0047] FIGS.10A, 10B, and 10C are cross sectional views
taken along the optical axis, showing the construction of a
zoom lens with a bent optical path according to a tenth
embodiment of the present invention in the state in which the
zoom lens is focused on an object point at infinity, where
FIG. 10A shows the state of the zoom lens at the wide angle
end, FIG. 10B shows the state of the zoom lens in an
intermediate focal length state, and FIG. 10C shows the state
of the zoom lens at the telephoto end;

[0048] FIGS. 1, 11B, 11C, 11D, 11E, 11F, 11G, 11H, 111,
11J, 11K, and 11L are aberration diagrams of the zoom lens
according to the first embodiment in the state in which the
zoom lens is focused on an object point at infinity;

[0049] FIGS. 12A, 12B, 12C, 12D, 12E, 12F, 12G, 12H,
121, 12J, 12K, and 12L are aberration diagrams of the zoom
lens according to the second embodiment in the state in
which the zoom lens is focused on an object point at infinity;
[0050] FIGS. 13A, 13B, 13C, 13D, 13E, 13F, 13G, 13H,
131, 13J, 13K, and 13L are aberration diagrams of the zoom
lens according to the third embodiment in the state in which
the zoom lens is focused on an object point at infinity;
[0051] FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G, 14H,
141, 14J, 14K, and 14L are aberration diagrams of the zoom
lens according to the fourth embodiment in the state in
which the zoom lens is focused on an object point at infinity;
[0052] FIGS. 15A, 15B, 15C, 15D, 15E, 15F, 15G, 15H,
151, 15J, 15K, and 15L are aberration diagrams of the zoom
lens according to the fifth embodiment in the state in which
the zoom lens is focused on an object point at infinity;
[0053] FIGS. 16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H,
161, 16J, 16K, and 16L are aberration diagrams of the zoom
lens according to the sixth embodiment in the state in which
the zoom lens is focused on an object point at infinity;
[0054] FIGS. 17A, 17B, 17C, 17D, 17E, 17F, 17G, 17H,
171, 17], 17K, and 171 are aberration diagrams of the zoom
lens according to the seventh embodiment in the state in
which the zoom lens is focused on an object point at infinity;
[0055] FIGS. 18A, 18B, 18C, 18D, 18E, 18F, 18G, 18H,
181, 18J, 18K, and 18L are aberration diagrams of the zoom
lens according to the eighth embodiment in the state in
which the zoom lens is focused on an object point at infinity;
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[0056] FIGS. 19A, 19B, 19C, 19D, 19E, 19F, 19G, 19H,
191, 19J, 19K, and 19L are aberration diagrams of the zoom
lens according to the ninth embodiment in the state in which
the zoom lens is focused on an object point at infinity;
[0057] FIGS. 20A, 20B, 20C, 20D, 20E, 20F, 20G, 20H,
201, 20J, 20K, and 20L are aberration diagrams of the zoom
lens according to the tenth embodiment in the state in which
the zoom lens is focused on an object point at infinity;
[0058] FIG. 21 illustrates correction of distortion;

[0059] FIG. 22 is a front perspective view showing the
outer appearance of a digital camera equipped with a zoom
lens with a bent optical path according to the present
invention;

[0060] FIG. 23 is a rear perspective view of the digital
camera;
[0061] FIG. 24 is a schematic diagram illustrating the

internal construction of the digital camera; and
[0062] FIG. 25 is a block diagram showing the basic
internal circuit configuration of the digital camera.

DETAILED DESCRIPTION OF THE
INVENTION

[0063] An image pickup apparatus equipped with a zoom
lens with a bent optical path according to a first aspect of the
present invention comprises:

[0064] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0065] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0066] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0067] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the third lens
unit moves in such a way that it becomes closest to the
second lens unit at an intermediate focal length position
in the course of zooming from the wide angle end to the
telephoto end as compared to the state at the wide angle
end and the state at the telephoto end, and the fourth
lens unit moves, and

[0068] the following conditional expression (1) is sat-
isfied:
0.3<Dy33p/D3457<9 ),

where D,;;; is the axial distance between the second lens
unit and the third lens unit at the wide angle end, and D5,
is the axial distance between the third lens unit and the
fourth lens unit at the wide angle end.

[0069] In the above-described configuration, having a
reflecting member in the first lens unit facilitates slimming
of the image pickup apparatus.

[0070] In addition, the second lens unit having a positive
refractive power moves closer to the first lens unit having a
negative refractive power during zooming from the wide
angle end to the telephoto end. With this movement, the
second lens unit can have a sufficient magnification chang-
ing function.

[0071] Having a negative refractive power, the third lens
unit has the function of refracting off-axis beams coming
from the second lens unit in directions away from the optical
axis. Since the subsequent fourth lens unit has a positive
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refractive power, it has the function of shifting the position
of the exit pupil away from the image pickup surface by
refracting off-axis beams exiting from the third lens unit.
These functions of the third lens unit having a negative
refractive power and the fourth lens unit having a positive
refractive power facilitate slimming of the lens configuration
on the object side of the third lens unit while shifting the
position of the exit pupil away from the image pickup
surface. This leads to a reduction in the overall length of the
zoom lens. Moreover, shifting the fourth lens unit is advan-
tageous for compensation of the position of the exit pupil
and the position of the image plane.

[0072] The third lens unit having a negative refractive
power is located at a position that satisfies the conditional
expression (1) at the wide angle end and moves firstly closer
to the second lens unit and then away from the second lens
unit as described above.

[0073] Locating the third lens unit so distant from the
second lens unit that the conditional expression (1) is
satisfied at the wide angle end and moving it closer to the
second lens unit during zooming in the wide angle focal
length range are advantageous for changing the magnifica-
tion of the zoom lens as a whole in the wide angle focal
length range.

[0074] On the other hand, if the distance between the
second lens unit and the third lens unit is too short, decen-
tering aberrations caused by relative decentering (if any)
between the second lens unit and the third lens unit will tend
to be conspicuous. In particular, if the zoom ratio is high
and/or the F-number is small, the adverse effect of decen-
tering tends to matter.

[0075] In view of this, the present invention employs the
above-described configuration, in which the third lens unit is
made farther from the second lens unit in the telephoto focal
length range. This configuration reduces the adverse effect
of decentering aberrations in the telephoto focal length
range. This is advantageous when a sufficiently high zoom
ratio and sufficient brightness are to be achieved.

[0076] Conditional expression (1) specifies a preferred
range of the location of the third lens unit at the wide angle
end.

[0077] As the lower limit of conditional expression (1) is
reached so that the third lens unit is located not too close to
the second lens unit, the third lens unit can easily have a
sufficient magnification changing function. This is advanta-
geous when a high zoom ratio is to be achieved and when
adverse effects of decentering in the focal length range near
the wide angle end is to be reduced.

[0078] As the upper limit of conditional expression (1) is
not exceeded so that the third lens unit is located not too
close to the fourth lens unit, the size of the zoom lens can
readily be made small, and the telecentricity on the image
side can readily be achieved.

[0079] The above-described configuration is advanta-
geous when satisfactory optical performance is to be
achieved while achieving a sufficiently high zoom ratio and
sufficient brightness (or sufficiently high speed) in a nega-
tive-lead type zoom lens with a bent optical path, which can
be advantageously designed to have a wide angle of view at
the wide angle end.

[0080] In the case where the zoom lens with a bent optical
path has the focusing function, the features described in the
foregoing should be interpreted as those for the state in
which the zoom lens is focused at the longest distance.
[0081] In order for the above-described image pickup
apparatus equipped with a zoom lens with a bent optical path
to have excellent performance, it is more preferred that
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apparatus further have one of the features described in the
following or two or more of them in combination.
[0082] An image pickup apparatus equipped with a zoom
lens with a bent optical path according to a second aspect of
the present invention comprises:
[0083] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and
[0084] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein
[0085] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0086] the total number of lens units in the zoom lens is
four,
[0087] during zooming from the wide angle end to the

telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes,

[0088] the second lens unit comprises at least three lens
components including an object side positive lens com-
ponent having a positive refractive power and located
closest to the object side among the lens components in
the second lens unit, an image side positive lens com-
ponent having a positive refractive power and located
closest to the image side among the lens components in
the second lens unit, and a cemented lens component
including a positive lens and a negative lens and
located between the object side positive lens compo-
nent and the image side positive lens component, and

[0089] the following conditional expression (Al) is
satisfied:
0.1<f5/fr<0.61 (A1),

where f, is the focal length of the object side positive lens
component in the second lens unit, and f, ; is the focal length
of the image side positive lens component in the second lens
unit.

[0090] In the above-described configuration, having a
reflecting member in the first lens unit facilitates slimming
of the image pickup apparatus.

[0091] In addition, the second lens unit having a positive
refractive power moves closer to the first lens unit having a
negative refractive power during zooming from the wide
angle end to the telephoto end. With this movement, the
second lens unit can have a sufficient magnification chang-
ing function.

[0092] In addition, varying the distances between the lens
units including the third and fourth lens units is advanta-
geous when a sufficiently high zoom ratio and satisfactory
optical performance are both to be achieved.

[0093] This zoom lens is essentially a four-units zoom
lens. Therefore, the zoom lens can be made small. This leads
to a reduction in the size of the apparatus and a reduction in
the manufacturing cost.

[0094] Having a negative refractive power, the third lens
unit has the function of refracting off-axis beams coming
from the second lens unit in directions away from the optical
axis. Since the subsequent fourth lens unit has a positive
refractive power, it has the function of shifting the position
of the exit pupil away from the image pickup surface by
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refracting off-axis beams exiting from the third lens unit.
These functions of the third lens unit having a negative
refractive power and the fourth lens unit having a positive
refractive power facilitate slimming of the lens configuration
on the object side of the third lens unit while shifting the
position of the exit pupil away from the image pickup
surface. This leads to a reduction in the overall length of the
zoom lens.
[0095] In order to achieve an appropriately high zoom
ratio while keeping sufficient brightness (or sufficiently high
speed), it is preferred that the second lens unit have a
sufficiently high positive refractive power and that aberra-
tions in the second lens unit be small. With the above-
described configuration, the second lens unit includes at
least three lens components, among which the lens compo-
nent located closest to the object side and the lens compo-
nent located closest to the image side have positive refrac-
tive powers to contribute to the positive refractive power of
the second lens unit. In addition, the cemented lens com-
ponent including a positive lens and a negative lens is
provided between the two positive lens components. This
cemented lens component can be designed to provide cor-
rection of chromatic aberration and curvature of field. This
is advantageous when correction of aberrations and suffi-
cient brightness (or sufficiently high speed) are both to be
achieved.
[0096] Moreover, conditional expression (Al) presented
above is satisfied. Conditional expression (Al) specifies a
preferred range of the ratio of the focal length of the object
side positive lens component and the focal length of the
image side positive lens component.
[0097] As the image side positive lens component has a
sufficiently high refractive power and the refractive power of
the object side positive lens component is not too high so
that the lower limit of conditional expression (Al) is
reached, well balanced distribution of the positive refractive
power can be achieved in the second lens unit. This is
advantageous for correction of aberrations.
[0098] As the object side positive lens component has a
sufficiently high refractive power so that the upper limit of
conditional expression (Al) is not exceeded, correction of
spherical aberration is facilitated.
[0099] The above-described configuration is advanta-
geous when satisfactory optical performance is to be
achieved while achieving a sufficiently high zoom ratio and
sufficient brightness (or sufficiently high speed) in a nega-
tive-lead type zoom lens with a bent optical path, which can
be advantageously designed to have a wide angle of view at
the wide angle end.
[0100] In the case where the zoom lens with a bent optical
path has the focusing function, the features described in the
foregoing should be interpreted as those for the state in
which the zoom lens is focused at the longest distance. This
also applies to more preferred features that will be described
later.
[0101] In order for the above-described image pickup
apparatus equipped with a zoom lens with a bent optical path
to have excellent performance, it is more preferred that
apparatus further have one of the features described in the
following or two or more of them in combination.
[0102] An image pickup apparatus equipped with a zoom
lens with a bent optical path according to a third aspect of
the present invention comprises:

[0103] a zoom lens including a reflecting member hav-

ing a reflecting surface that bends the optical path; and

[0104] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
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surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0105] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0106] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit only toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes,

[0107] the first lens unit comprises, in order from the
object side to the image side along the optical axis, a
negative single lens having a negative refractive power,
the reflecting member, and a positive single lens having
a positive refractive power and having a meniscus
shape with a convex surface facing the object side,

[0108] the total number of lenses in the first lens unit is
two, and
[0109] the reflecting member is a reflecting prism hav-

ing a flat entrance surface and a flat exit surface.
[0110] In the above-described configuration, having a
reflecting member in the first lens unit facilitates slimming
of the image pickup apparatus.
[0111] In addition, the second lens unit having a positive
refractive power moves closer to the first lens unit having a
negative refractive power during zooming from the wide
angle end to the telephoto end. With this movement, the
second lens unit can have a sufficient magnification chang-
ing function.
[0112] In addition, varying the distances between the lens
units including the third and fourth lens units is advanta-
geous when a sufficiently high zoom ratio and satisfactory
optical performance are both to be achieved.
[0113] Having a negative refractive power, the third lens
unit has the function of refracting off-axis beams coming
from the second lens unit in directions away from the optical
axis. Since the subsequent fourth lens unit has a positive
refractive power, it has the function of shifting the position
of the exit pupil away from the image pickup surface by
refracting off-axis beams exiting from the third lens unit.
These functions of the third lens unit having a negative
refractive power and the fourth lens unit having a positive
refractive power facilitate slimming of the lens configuration
on the object side of the third lens unit while shifting the
position of the exit pupil away from the image pickup
surface. This leads to a reduction in the overall length of the
zoom lens.
[0114] In order to achieve wide angle of view, low cost
and small overall size of the zoom lens, the above-described
configuration of the first lens unit is adopted according to the
present invention. The flat incidence and exit surfaces of the
reflecting prism lead to low cost. The number of optical
components in the first lens unit is as small as three.
Moreover, the first lens unit is designed to have a sufficiently
high negative refractive power, which is needed to achieve
a sufficiently large angle of view, and to facilitate correction
of aberrations.
[0115] In particular, since the positive single lens has a
meniscus shape with a convex surface facing the object side,
the principal point of this positive single lens can readily be
located closer to the object side along the optical axis. This
allows a reduction in the size of the reflecting prism, leading
to a size reduction with respect to the thickness direction.
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[0116] The above feature additionally allows a reduction
in the diameter of the negative single lens and a reduction in
the distance between the negative single lens and the prin-
cipal point of the positive single lens, facilitating a reduction
in curvature of field and prevention of excessively high
distortion.

[0117] The above-described configuration is advantageous
when a sufficiently wide angle of view at the wide angle end,
size reduction, and cost reduction are to be achieved in a
negative-lead type zoom lens with a bent optical path, which
can advantageously be designed to have a wide angle of
view at the wide angle end.

[0118] In the case where the zoom lens with a bent optical
path has the focusing function, the features described in the
foregoing should be interpreted as those for the state in
which the zoom lens is focused at the longest distance.
[0119] In order for the above-described image pickup
apparatus equipped with a zoom lens with a bent optical path
to have excellent performance, it is more preferred that
apparatus further have one of the features described in the
following or two or more of them in combination.

[0120] An image pickup apparatus equipped with a zoom
lens with a bent optical path according to a fourth aspect of
the present invention comprises:

[0121] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0122] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0123] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0124] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes, and

[0125] the second lens unit comprises at least five lenses
including a plurality of positive lenses and at least one
negative lens.

[0126] An image pickup apparatus equipped with a zoom
lens with a bent optical path according to a fifth aspect of the
present invention comprises:

[0127] a zoom lens including a reflecting member hav-
ing a reflecting surface that bends the optical path; and

[0128] an image pickup element disposed on the image
side of the zoom lens and having an image pickup
surface that receives an image formed by the zoom lens
and converts it to an electrical signal, wherein

[0129] the zoom lens comprises, in order from the
object side to the image side, a first lens unit including
the reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

[0130] during zooming from the wide angle end to the
telephoto end, the second lens unit moves closer to the
first lens unit toward the object side, the distance
between the second lens unit and the third lens unit
changes, and the distance between the third lens unit
and the fourth lens unit changes,
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[0131] the second lens unit comprises at least four
lenses including a plurality of positive lenses and at
least one negative lens,

[0132] the zoom lens has an aperture stop that moves
toward the object side during zooming from the wide
angle end to the telephoto end, and

[0133] the following conditional expression (Cl) is
satisfied:
1<D, ;/9S<2.35 (C1),

where D, is the distance on the optical axis from the lens
surface closest to the object side to the lens surface closest
to the image side in the second lens unit, and ¢S is the largest
effective diameter of the aperture of the aperture stop at the
wide angle end.

[0134] Having a reflecting member in the first lens unit
facilitates slimming of the image pickup apparatus.

[0135] In addition, the second lens unit having a positive
refractive power moves closer to the first lens unit having a
negative refractive power during zooming from the wide
angle end to the telephoto end. With this movement, the
second lens unit can have a sufficient magnification chang-
ing function.

[0136] In addition, varying the distances between the lens
units including the third and fourth lens units is advanta-
geous when a sufficiently high zoom ratio and satisfactory
optical performance are both to be achieved.

[0137] Having a negative refractive power, the third lens
unit has the function of refracting off-axis beams coming
from the second lens unit in directions away from the optical
axis. Since the subsequent fourth lens unit has a positive
refractive power, it has the function of shifting the position
of the exit pupil away from the image pickup surface by
refracting off-axis beams exiting from the third lens unit.
These functions of the third lens unit having a negative
refractive power and the fourth lens unit having a positive
refractive power facilitate slimming of the lens configuration
on the object side of the third lens unit while shifting the
position of the exit pupil away from the image pickup
surface. This leads to a reduction in the overall length of the
zoom lens.

[0138] In order to achieve a sufficiently high zoom ratio
while keeping sufficient brightness (or sufficiently high
speed), it is preferred that the second lens unit have a
sufficiently high positive refractive power and that aberra-
tions in the second lens unit be small.

[0139] Having five lenses including a plurality of positive
lenses and at least one negative lens in the second lens unit
allows a reduction in aberrations in the second lens unit.
Therefore, this configuration is advantageous when satisfac-
tory optical performance is to be achieved while keeping
sufficient brightness (or sufficiently high speed).

[0140] Alternatively, it is preferred that the second lens
unit has at least four lenses including a plurality of positive
lenses and at least one negative lens to facilitate correction
of aberrations.

[0141] It is preferred that the zoom lens be essentially a
four-units zoom lens. Then, the zoom lens can be made
small. This leads to a reduction in the size of the apparatus
and a reduction in the manufacturing cost.

[0142] Moreover, for the sake of simplicity of the con-
figuration, it is more preferred that the zoom lens be a four
unit zoom lens.

[0143] It is preferred that the third lens unit move only
toward the object side during zooming from the wide angle
end to the telephoto end. This prevents distance between the
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third lens unit and the second lens unit from becoming
unduly large, facilitating correction of coma and astigma-
tism.

[0144] It is preferred that the third lens unit and the fourth
lens unit satisfy the following conditional expression (2):

—5<fy/fi<-1 2),

where f; is the focal length of the third lens unit, and £, is the
focal length of the fourth lens unit.

[0145] It is preferred that the upper limit of conditional
expression (2) be not exceeded so that the third lens unit has
a moderately low negative refractive power. This facilitates
a further reduction of adverse effects of relative decentering
between the second lens unit and the third lens unit on the
image quality in the focal length range near the telephoto
end. In addition, it is preferred that the fourth lens unit has
a sufficiently high refractive power. This leads to a reduction
in the amount of movement of the fourth lens unit. In
particular, in the case where the fourth lens unit has the
magnifying function, the fourth lens unit can readily provide
a sufficient magnitying effect, leading to a reduction in the
magnifying effect that the second lens unit is required to
provide. This is advantageous when reduction of aberrations
and sufficient brightness (sufficiently high speed) are to be
achieved.

[0146] It is preferred that the lower limit of conditional
expression (2) be reached so that the third lens unit has a
sufficiently high negative refractive power. This further
enhances the above-described advantage of the third lens
unit in reducing the size of the zoom lens.

[0147] It is preferred that the following conditional
expressions (3) and (4) be satisfied:
—0.2<D 3 lfy<=0.01 (3), and
=0.6<Dapgaxlf3<-0.1 @,

where D,;, . is the smallest value of the distance on the
optical axis between the second lens unit and the third lens
unit, D,3,,,+ is the largest value of the distance on the
optical axis between the second lens unit and the third lens
unit, and f; is the focal length of the third lens unit.
[0148] If the distance between the second lens unit and the
third lens unit is so large that the upper limit of conditional
expressions (3) or (4) is not exceeded, a reduction of adverse
effects of relative decentering between the second lens unit
and the third lens unit will be facilitated.

[0149] If the distance between the second lens unit and the
third lens unit is so small that the upper limits of conditional
expressions (3) and (4) are reached, coma and astigmatism,
which tend to be generated in the second lens unit, can easily
be corrected by the third lens unit.

[0150] It is preferred that the following conditional
expression (5) be satisfied:

0.1<D5 340/ D2335<0.9 (%),

where D,;, . is the smallest value of the distance on the
optical axis between the second lens unit and the third lens
unit, and D, ;;-is the distance on the optical axis between the
second lens unit and the third lens unit at the wide angle end.
[0151] It is preferred that the change in the decreasing
distance between the second lens unit and the third lens unit
in the wide angle focal length range be so small that the
lower limit of conditional expression (5) is reached. This
will facilitate a reduction in adverse effects of relative
decentering between the second lens unit and the third lens
unit in the middle focal length range.

[0152] It is preferred that the distance between the second
lens unit and the third lens unit in the wide angle focal length
range be so large that the upper limit of conditional expres-
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sion (5) is not exceeded. Then, the third lens unit will have
a sufficient magnifying function.

[0153] It is preferred that the following conditional
expression (6) be satisfied:

1.1<D53 7/D3pgn<6 (6),

where D, is the distance on the optical axis between the
second lens unit and the third lens unit at the telephoto end,
and D,;,,7 1s the smallest value of the distance on the
optical axis between the second lens unit and the third lens
unit.

[0154] It is preferred that the change in the increasing
distance between the second lens unit and the third lens unit
in the telephoto focal length range be so large that the lower
limit of conditional expression (6) be reached. This is
advantageous for a reduction of adverse effects of relative
decentering between the second lens unit and the third lens
unit, which tend to be conspicuous in the focal length range
near the telephoto end.

[0155] It is preferred that the change in the distance
between the second lens unit and the third lens unit in the
telephoto focal length range be so small that the upper limit
of conditional expression (6) is not exceeded. Then, correc-
tion of coma and astigmatism by the third lens unit in the
focal length range near the telephoto end will be facilitated.
[0156] It is preferred that the fourth lens unit be located
closer to the image side at the telephoto end than at the wide
angle end.

[0157] By moving in the above described manner, the
fourth lens unit can have the magnifying function. This
allows a reduction in the magnification change provided by
the other magnification changing lens units. This is advan-
tageous when a high zoom ratio and excellent optical
performance are both to be achieved.

[0158] It is more preferred that the fourth lens unit move
only toward the image side during zooming from the wide
angle end to the telephoto end.

[0159] This is advantageous when a high zoom ratio and
a reduction of the telephoto ratio at the telephoto end are to
be achieved. In addition, this preferred feature allows a
reduction in the range of movement of the fourth lens unit
during zooming, leading to a reduction in the size of the
apparatus including the driving mechanisms.

[0160] It is preferred that the position of the first lens unit
be fixed relative to the image pickup surface.

[0161] This makes the overall length of the zoom lens
constant. This is advantageous for preventing the entrance of
dust during operations such as zooming.

[0162] It is preferred that the first lens unit have curved
lens surfaces each having a refractive power located respec-
tively on the object side and one the image side of the
reflecting surface, that the portion of the first lens unit that
is located on the object side of the reflecting surface of the
reflecting member have a negative refractive power, that the
portion of the first lens unit that is located on image side of
the reflecting surface of the reflecting member have a
positive refractive power, and the first lens unit satisfy the
following conditional expressions (7) and (8):

~0.5<f, p/f12<—0.06 (7), and

-3<Dypp/f1<-0.5 ®),

where f) - is the combined focal length of the portion of the
first lens unit that is located on the object side of the
reflecting surface, f); is the combined focal length of the
portion of the first lens unit that is located on the image side
of' the reflecting surface, D, - is the physical distance along
the optical axis from the lens surface closest to the reflecting
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surface among the lens surfaces that are located on the object
side of the reflecting surfaces to the lens surface closest to
the reflecting surface among the lens surfaces that are
located on the image side of the reflecting surfaces, and f;
is the focal length of the first lens unit.

[0163] Ifthe portion of the first lens unit on the object side
of the reflecting surface has a negative refractive power and
the portion of the first lens unit on the image side of the
reflecting surface has a positive refractive power, the dis-
tance between the lens surfaces located in front and rear of
the reflecting surface can be made small, and the first lens
unit will function like a wide conversion lens, which is
advantageous for achieving a large angle of view at the wide
angle end. In addition, having refractive powers of opposite
signs on the front and rear sides of the reflecting surface is
advantageous for a reduction of aberrations.

[0164] Conditional expression (7) specifies a preferred
range of the ratio of the combined focal length of the portion
in the first lens unit that is located on the object side of the
reflecting surface and the portion in the first lens unit that is
located on the image side of the reflecting surface.

[0165] It is preferred that the negative refractive power of
the portion that is located on the object side of the reflecting
surface be so high that the lower limit of conditional
expression (7) is reached. This is advantageous when a large
angle of view at the wide angle end is to be achieved.
[0166] It is preferred that the negative refractive power of
the portion that is located on the object side of the reflecting
surface be so low that the upper limit of conditional expres-
sion (7) is not exceeded. This facilitates the prevention of
excessively high distortion at the wide angle end.

[0167] Conditional expression (8) specifies a preferred
range of the distance between the lens surfaces located in
front and rear of the reflecting surface in the first lens unit.
[0168] It is preferred that the distance between the lens
surfaces located in front and rear of the reflecting surface be
so small that the lower limit of conditional expression (8) is
reached. This leads to a reduction in the size of the zoom
lens.

[0169] It is preferred that the distance between the lens
surfaces located in front and rear of the reflecting surface be
s0 large that the upper limit of conditional expression (8) is
not exceeded. This is advantageous for keeping a sufficient
light quantity in the peripheral region of the image in the
case where the zoom lens has a wide angle of view, high
speed, and high zoom ratio.

[0170] It is preferred that the second lens unit include
three positive lenses and one negative lens, that the zoom
lens have an aperture stop that is located closer to the image
side than the first lens unit and closer to the object side than
the lens closest to the image side in the second lens unit and
moves toward the object side during zooming from the wide
angle end to the telephoto end, and that the zoom lens satisfy
the following conditional expressions (9) and (10):

33</,<15.0 (9), and

1.2<F, <24 (10,

now

where {, is the focal length of the zoom lens at the telephoto
end, f,, is the focal length of the zoom lens at the wide angle
end, and F,  is the least F-number of the zoom lens at the
wide angle end.

[0171] The second lens unit is the primary magnification
changing lens unit. If the zoom lens is designed to have high
speed and high zoom ratio, it is preferred that aberrations
generated in the second lens unit be made small. If the
second lens unit includes three positive lenses and one
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negative lens, the second lens unit can be designed to have
a sufficiently high refractive power while achieving satis-
factory optical performance.

[0172] Sufficient brightness of the zoom lens generally
necessitates a large size of the second lens unit. However,
the above-described location and movement of the aperture
stop allow a reduction in the size of the second lens unit
while maintaining the refractive power of the second lens
unit.

[0173] Conditional expression (9) specifies a preferred
range of the zoom ratio in the above-described configura-
tion. Conditional expression (10) specifies a preferred range
of the F-number at the wide angle end.

[0174] If the zoom ratio is so high that the lower limit of
conditional expression (9) is reached, the image pickup
apparatus can suitably be used in various shooting situa-
tions.

[0175] A moderately low zoom ratio that does not exceed
the upper limit of conditional expression (9) is advantageous
for size reduction.

[0176] If the F-number is larger than the lower limit of
conditional expression (10), the effective diameter of the
zoom lens will readily be prevented from becoming large,
leading to smallness in size.

[0177] It is preferred that the upper limit of conditional
expression (10) be not exceeded so that sufficient brightness
(sufficiently high speed) is achieved.

[0178] It is preferred that the second lens unit consist of
five lenses including, in order from the object side, a first
positive lens, a second positive lens, a first negative lens, a
second negative lens, and a third positive lens.

[0179] This configuration leads to a reduction in aberra-
tion in the second lens unit, and satisfactory optical perfor-
mance can be achieved advantageously.

[0180] It is preferred that the first lens unit consist of, in
order from the object side to the image side, a biconcave lens
component, a prism having the aforementioned reflecting
surface, and a positive meniscus lens component having a
convex surface facing the object side and that the following
conditional expressions (11) and (12) be satisfied:

0.8<f,/IH<1.4 (11), and

0.75<IH,,/IH,<0.95 (12),

where f is the focal length of the zoom lens at the wide
angle end, IH, is the largest image height at the telephoto end
or halfthe diagonal length of the effective image pickup area
of the image pickup element at the telephoto end, IH,, is the
largest image height at the wide angle end or half the
diagonal length of the effective image pickup area of the
image pickup element at the wide angle end, where the term
“lens component” refers to a lens member whose refractive
surfaces that are in contact with air on the optical axis
include only two surfaces or an object side surface and an
image side surface.

[0181] With the above-described configuration, the first
lens unit can have a sufficiently high negative refractive
power while making spherical aberration and coma small,
though the first lens unit has a simple configuration. There-
fore, a wide angle of view can be achieved, and a sufficiently
high zoom ratio can be achieved by the movement of the
second lens unit.

[0182] A high negative refractive power of the first lens
unit tends to lead to barrel distortion at the wide angle end.
However, such barrel distortion can easily be corrected by
signal processing of image signals.
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[0183] Conditional expression (11) specifies a preferred
range of the focal length of the zoom lens at the wide angle
end.

[0184] If the lower limit of conditional expression (11) is
reached, the effective diameter of the first lens unit can be
made small even with a wide angle of view.

[0185] It is preferred that the angle of view at the wide
angle end be so large that the upper limit of conditional
expression (11) is not exceeded.

[0186] Conditional expression (12) specifies a preferred
range of the ratio of the image height at the wide angle end
and the image height at the telephoto end.

[0187] If the effective image pickup area in the focal
length range near the wide angle end is so large that the
lower limit of conditional expression (12) is reached, satis-
factory image quality can be achieved by correcting distor-
tion by signal processing.

[0188] If the upper limit of conditional expression (12) is
not exceeded, the zoom lens is allowed to have distortion at
the wide angle end. This is advantageous for size reduction.
[0189] It is preferred that the second lens unit, the third
lens unit, and the fourth lens unit satisfy the following
conditional expressions (13), (14), and (15):

L7<P,7/Pop=<6.0 (13),
1.20<P3/P3p<4.0 (14), and
1.04<BAT/P4y<2.0 15),

where 3, 1s the lateral magnification of the second lens unit
at the telephoto end, f3,5-is the lateral magnification of the
second lens unit at the wide angle end, [}, is the lateral
magnification of the third lens unit at the telephoto end, 35,
is the lateral magnification of the third lens unit at the wide
angle end, [, is the lateral magnification of the fourth lens
unit at the telephoto end, and f3,,;-1s the lateral magnification
of the fourth lens unit at the wide angle end.

[0190] Conditional expressions (13), (14), and (15)
specify preferred ranges of the magnification changes pro-
vided respectively by the second lens unit, the third lens unit,
and the fourth lens unit.

[0191] Itis preferred that the second, third, and fourth lens
units provide magnification changes so that the lower limits
of conditional expressions (13), (14), and (15) are reached.
This is advantageous for achieving sufficient magnification
change while making the aberrations small.

[0192] It is preferred that the magnification changes pro-
vided by the second, third, and fourth lens units are balanced
so that the upper limits of conditional expressions (13), (14),
and (15) are not exceeded. This is advantageous for reduc-
tion of the amount of movement of the movable lens units
and for reduction in the number of lenses.

[0193] It is preferred that the second lens unit consist of
three lens components including, in order from the object
side to the image side, the aforementioned object side
positive lens component, the aforementioned cemented lens
component, and the aforementioned image side positive lens
component.

[0194] Including only three lens components allows to
achieve both excellent performance and cost reduction.
[0195] Furthermore, it is preferred that the cemented lens
component have a negative refractive power.

[0196] The cemented lens component is located between
the positive lens components in the second lens unit. There-
fore, the cemented lens component provides cancellation of
aberrations in the second lens unit and facilitates reduction
of spherical aberrations etc. with sufficient brightness (or
sufficiently high speed) being achieved.
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[0197] In this case, it is preferred that the following

conditional expressions (A2) and (A3) be satisfied:
0.1l <1 (A2), and
0.2<h /el <5 (A3),

where f, . is the focal length of the cemented lens component
in the second lens unit.

[0198] Conditional expression (A2) specifies a preferred
range of the ratio of the focal length of the object side
positive lens component and the focal length of the
cemented lens component having a negative refractive
power.

[0199] If the negative refractive power of the cemented
lens component is so high that the lower limit of conditional
expression (A2) is reached, aberrations generated by the
positive lens components in the second lens unit can be
cancelled efficiently.

[0200] If the refractive power of the object side positive
lens component is so high that the upper limit of conditional
expression (A2) is not exceeded, correction of spherical
aberration is facilitated.

[0201] Conditional expression (A3) specifies a preferred
range of the ratio of the focal length of the image side
positive lens component and the focal length of the
cemented lens component having a negative refractive
power.

[0202] If the negative refractive power of the cemented
lens component is so high that the lower limit of conditional
expression (A3) is reached, aberrations generated by the
positive lens components in the second lens unit can be
cancelled efficiently.

[0203] If the negative refractive power of the cemented
lens component is not excessively high so that the upper
limit of conditional expression (A3) is not exceeded, cor-
rection of chromatic aberration generated in the second lens
unit is facilitated.

[0204] It is preferred that the image side positive lens
component be a cemented lens component made up of a
negative lens and a positive lens.

[0205] Thus including a plurality of negative lenses in the
second lens unit further facilitates reduction of aberrations.
[0206] It is preferred that the second lens unit consist, in
order from the object side to the image side, of a positive
single lens constituting the object side positive lens com-
ponent, the cemented lens component made up of a positive
lens and negative lens arranged in order from the object side,
and a positive single lens constituting the image side posi-
tive lens component.

[0207] Constituting the cemented lens component by a
positive lens and a negative lens arranged in order from the
object side allows to make the positive refractive power of
the positive single lens arranged closest to the object side
small and facilitates correction of aberrations. Moreover,
using a positive single lens as the image side positive lens
component facilitates a size reduction of the second lens unit
and cost reduction.

[0208] Alternatively, it is preferred that the second lens
unit consist, in order from the object side to the image side,
of a positive single lens constituting the object side positive
lens component, the cemented lens component made up of
a positive lens and a negative lens arranged in order from the
object side, and a cemented lens component made up of a
negative lens and a positive lens arranged in order from the
object side, constituting the image side positive lens com-
ponent.

[0209] Using a cemented lens as the image side positive
lens component provides efficient correction of chromatic
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aberration generated in the second lens unit. This is advan-
tageous when a high zoom ratio is to be achieved.

[0210] It is preferred that the third lens unit move in such
a way that it becomes closest to the second lens unit at an
intermediate focal length position in the course of zooming
from the wide angle end to the telephoto end as compared to
the state at the wide angle end and the state at the telephoto
end and that the following conditional expression (1) be
satisfied:

0.3<Dy335/D3aw<9 ),

where D, ;- is the axial distance between the second lens
unit and the third lens unit at the wide angle end, and D,, ;-
is the axial distance between the third lens unit and the
fourth lens unit at the wide angle end.

[0211] It is preferred that the third lens unit having a
negative refractive power be located at a position that
satisfies the conditional expression (1) at the wide angle end
and move firstly closer to the second lens unit and then away
from the second lens unit as described above.

[0212] Locating the third lens unit so distant from the
second lens unit that the conditional expression (1) is
satisfied at the wide angle end and moving it closer to the
second lens unit during zooming in the wide angle focal
length range are advantageous for changing the magnifica-
tion of the zoom lens as a whole in the wide angle focal
length range.

[0213] On the other hand, if the distance between the
second lens unit and the third lens unit is too short, decen-
tering aberrations caused by relative decentering (if any)
between the second lens unit and the third lens unit will tend
to be conspicuous. In particular, if the zoom ratio is high
and/or the F-number is small, the adverse effect of decen-
tering tends to matter. In view of this, the present invention
employs the above-described configuration, in which the
third lens unit is made farther from the second lens unit in
the telephoto focal length range. This configuration reduces
the adverse effect of decentering aberrations in the telephoto
focal length range. This is advantageous when a sufficiently
high zoom ratio and sufficient brightness (or sufficiently
high speed) are to be achieved.

[0214] Conditional expression (1) specifies a preferred
range of the location of the third lens unit at the wide angle
end.

[0215] If the lower limit of conditional expression (1) is
reached so that the third lens unit is located not too close to
the second lens unit, the third lens unit can easily have a
sufficient magnification changing function. This is advanta-
geous when a high zoom ratio is to be achieved and when
adverse effects of decentering in the focal length range near
the wide angle end is to be reduced.

[0216] If the upper limit of conditional expression (1) is
not exceeded so that the third lens unit is located not too
close to the fourth lens unit, the size of the zoom lens can
readily be made small, and the telecentricity on the image
side can readily be achieved.

[0217] It is preferred that the positive single lens in the
first lens unit satisfy the following conditional expression
(B1):

-8<(R1prtR 1 pr)/ (R1pr—R1pp)<-1 (B1),

where R, . is the paraxial radius of curvature of the object
side surface of the positive single lens in the first lens unit,
and R, o is the paraxial radius of curvature of the image side
surface of the positive single lens in the first lens unit.
[0218] Conditional expression (B1) specifies a preferred
condition concerning the shape factor of the positive single
lens having a meniscus shape in the first lens unit.
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[0219] If the positive refractive power of the object side
surface of the positive single lens is so high that the lower
limit of conditional expression (B1) is reached, the principal
point of the positive single lens can readily be located closer
to object side. This is advantageous for correction of chro-
matic aberration and size reduction of the reflecting prism.
[0220] If the positive single lens has a meniscus shape
with which the upper limit of conditional expression (B1) is
not exceeded, correction of curvature of field is facilitated.
[0221] It is preferred that the single lenses in the first lens
unit satisty the following conditional expression (B2):

20<vd, x—vd, <40 (B2),

where vd, ,, is the Abbe constant with respect to the d-line of
the negative single lens in the first lens unit, and vd, , is the
Abbe constant with respect to the d-line of the positive
single lens in the first lens unit.

[0222] Conditional expression (B2) specifies a preferred
range of the difference between the Abbe constant (with
respect to the d-line) of the negative single lens in the first
lens unit and that of the positive single lens in the first lens
unit.

[0223] If the difference between the Abbe constants of
these two lenses is so large that the lower limit of conditional
expression (B2) is reached, correction of chromatic aberra-
tion generated in the first lens unit is facilitated.

[0224] If the difference between the Abbe constants of
these two lenses is so small that the upper limit of condi-
tional expression (B2) is not exceeded, the negative single
lens can readily have an appropriate refractive index. This is
advantageous when a wide angle of view is to be achieved
with efficient reduction of aberrations.

[0225] It is preferred that the negative single lens in the
first lens unit have a biconcave shape that satisfies the
following conditional expression (B3):

0A4<R ingt+R 1R (R ine—R1ivp)<1 (B3),

where R, is the paraxial radius of curvature of the object
side surface of the negative single lens in the first lens unit,
and R, is the paraxial radius of curvature of the image side
surface of the negative single lens in the first lens unit.
[0226] Conditional expression (B3) specifies a preferred
condition concerning the shape factor of the negative single
lens in the first lens unit. The use of a biconcave negative
lens that satisfies conditional expression (B3) is advanta-
geous for designing the first lens unit to have an adequately
high negative refractive power, for achieving an appropriate
angle of view, and for reducing spherical aberration in the
first lens unit.

[0227] If the refractive power of the object side surface of
the negative single lens is not excessively high so that the
lower limit of conditional expression (B3) is reached, the
principal point of the negative single lens is prevented from
being located distant from the principal point of the positive
single lens in the first lens unit. This facilitates correction of
aberrations generated in the first lens unit.

[0228] If the negative single lens has a biconcave shape
with which the upper limit of conditional expression (B3) is
not exceeded, the negative single lens can have an
adequately high negative refractive power, and the refractive
power can be distributed to the object side surface and the
image side surface. This is advantageous for reduction of
aberrations.

[0229] It is preferred that the second lens unit include at
least three lens components including an object side positive
lens component having a positive refractive power and
located closest to the object side among the lens components
in the second lens unit, an image side positive lens compo-
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nent having a positive refractive power and located closest
to the image side among the lens components in the second
lens unit, and a cemented lens component including a
positive lens and a negative lens and located between the
object side positive lens component and the image side
positive lens component.

[0230] Here, the term “lens component™ refers to a lens
member whose refractive surfaces that are in contact with air
on the optical axis include only two surfaces or an object
side surface and an image side surface. The lens component
is a single lens or a cemented lens.

[0231] In order to achieve an appropriately high zoom
ratio while keeping sufficient brightness (or sufficiently high
speed), it is preferred that the second lens unit have a
sufficiently high positive refractive power and that aberra-
tions in the second lens unit be small.

[0232] With the above-described configuration, the second
lens unit includes at least three lens components, among
which the lens component located closest to the object side
and the lens component located closest to the image side
have positive refractive powers to contribute to the positive
refractive power of the second lens unit. In addition, the
cemented lens component including a positive lens and a
negative lens is provided between the two positive lens
components. This cemented lens component can be
designed to provide correction of chromatic aberration and
curvature of field. This is advantageous when correction of
aberrations and sufficient brightness (or sufficiently high
speed) are both to be achieved.

[0233] Furthermore, it is preferred that the following con-
ditional expression (Al) be satisfied:

0.1<f /o <0.61 (AD),

where f, is the focal length of the object side positive lens
component in the second lens unit, and f, ; is the focal length
of'the image side positive lens component in the second lens
unit.

[0234] Conditional expression (Al) specifies a preferred
range of the ratio of the focal length of the object side
positive lens component and the focal length of the image
side positive lens component.

[0235] If the image side positive lens component has a
sufficiently high refractive power and the refractive power of
the object side positive lens component is not too high so
that the lower limit of conditional expression (Al) is
reached, well balanced distribution of the positive refractive
power can be achieved in the second lens unit. This is
advantageous for correction of aberrations.

[0236] If the object side positive lens component has a
sufficiently high refractive power so that the upper limit of
conditional expression (Al) is not exceeded, correction of
spherical aberration is facilitated.

[0237] It is preferred that the zoom lens have an aperture
stop that is located closer to the image side than the first lens
unit and closer to the object side than the lens closest to the
image side in the second lens unit and moves toward the
object side during zooming from the wide angle end to the
telephoto end, and that the zoom lens satisfy the following
conditional expressions (9) and (10):

33</,<15.0 (9), and

1.2<F,, <24 (10),

where {, is the focal length of the zoom lens at the telephoto
end, f,, is the focal length of the zoom lens at the wide angle
end, and F,  is the least F-number of the zoom lens at the
wide angle end.
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[0238] Conditional expression (9) specifies a preferred
range of the zoom ratio in the above-described configura-
tion. Conditional expression (10) specifies a preferred range
of the F-number at the wide angle end.

[0239] If the zoom ratio is so high that the lower limit of
conditional expression (9) is reached, the image pickup
apparatus can suitably be used in various shooting situa-
tions.

[0240] A moderately low zoom ratio of the zoom lens that
does not exceed the upper limit of conditional expression (9)
is advantageous for size reduction of the zoom lens.
[0241] If the F-number is larger than the lower limit of
conditional expression (10), the effective diameter of the
zoom lens will readily be prevented from becoming large,
leading to smallness in size.

[0242] It is preferred that the upper limit of conditional
expression (10) be not exceeded so that sufficient brightness
(sufficiently high speed) is achieved.

[0243] It is preferred that the following conditional
expressions (11) and (12) be satisfied:

0.8<f,/IH<1.4 (11), and

0.75<IH,,/IH,<0.95 (12),

where f, is the focal length of the zoom lens at the wide
angle end, IH, is the largest image height at the telephoto end
or halfthe diagonal length of the effective image pickup area
of the image pickup element at the telephoto end, and IH,,
is the largest image height at the wide angle end or half the
diagonal length of the effective image pickup area of the
image pickup element at the wide angle end.

[0244] With the above-described configuration, the first
lens unit can have a sufficiently high negative refractive
power while making spherical aberration and coma small,
though the first lens unit has a simple configuration. There-
fore, a wide angle of view can be achieved, and a sufficiently
high zoom ratio can be achieved by the movement of the
second lens unit.

[0245] A high negative refractive power of the first lens
unit tends to lead to barrel distortion at the wide angle end.
However, such barrel distortion can easily be corrected by
signal processing of image signals.

[0246] Conditional expression (11) specifies a preferred
range of the focal length of the zoom lens at the wide angle
end.

[0247] If the lower limit of conditional expression (11) is
reached, the effective diameter of the first lens unit can be
made small even with a wide angle of view.

[0248] It is preferred that the angle of view at the wide
angle end be so large that the upper limit of conditional
expression (11) is not exceeded.

[0249] Conditional expression (12) specifies a preferred
range of the ratio of the image height at the wide angle end
and the image height at the telephoto end.

[0250] If the effective image pickup area in the focal
length range near the wide angle end is so large that the
lower limit of conditional expression (12) is reached, satis-
factory image quality can be achieved by correcting distor-
tion by signal processing.

[0251] If the upper limit of conditional expression (12) is
not exceeded, the zoom lens is allowed to have distortion at
the wide angle end. This is advantageous for size reduction.
[0252] Inthe above-described cases, it is preferred that the
zoom lens have an aperture stop that moves toward the
object side during zooming from the wide angle end to the
telephoto end.
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[0253] If this is the case, an increase in the size of the
second lens unit can be prevented, and the aperture stop can
have a sufficiently large effective diameter.

[0254] In the above-described cases, it is preferred that
conditional expression (C1) be satisfied.

[0255] It is preferred that the thickness of the second lens
unit be so large relative to the effective diameter of the
aperture stop that the lower limit of conditional expression
(C1) is reached. If this is the case, the second lens unit can
be designed to have an appropriate positive refractive power
as needed, the lenses in the second lens unit can have
appropriate refractive powers, and satisfactory optical per-
formance can be achieved.

[0256] It is preferred that the thickness of the second lens
unit be not excessively large relative to the effective diam-
eter of the aperture stop so that the upper limit of conditional
expression (C1) is not exceeded. If this is the case, the
increase in the volume of the second lens unit can be made
small even when sufficient brightness is achieved, leading to
size reduction.

[0257] Inthe case where the zoom lens with a bent optical
path has the focusing function, the features described in the
foregoing should be interpreted as those for the state in
which the zoom lens is focused at the longest distance.
[0258] In order for the above-described image pickup
apparatus equipped with a zoom lens with a bent optical path
to have excellent performance, it is more preferred that
apparatus further have one of the features described in the
following or two or more of them in combination.

[0259] To achieve an appropriately wide angle of view and
satisfactory optical performance, it is preferred that the first
lens unit consist, in order from the object side to the image
side along the optical axis, of a biconcave lens component
having a negative refractive power, the reflecting member,
and a positive lens component having a positive refractive
power and that the biconcave lens component have an
aspheric lens surface.

[0260] Here, the term “lens component” refers to a lens
member whose refractive surfaces that are in contact with air
on the optical axis include only two surfaces or an object
side surface and an image side surface. The lens component
is a single lens or a cemented lens.

[0261] The use of the biconcave lens component as the
lens component closest to the object side in the first lens unit
contributes to the negative refractive power of the first lens
unit and facilitates achieving a large angle of view at the
wide angle end. In addition, the use of the biconcave lens
component is also advantageous for reduction of spherical
aberration, which tends to be conspicuous with a bright (or
high speed) zoom lens.

[0262] The effective diameter of the biconcave negative
lens component in the first lens unit becomes smaller at
telephoto (or long) focal lengths and larger at wide angle (or
short) focal lengths. Therefore, the use of an aspheric lens
surface in this lens component facilitates reduction of aber-
rations in the wide angle focal length range.

[0263] Furthermore, it is preferred that the biconcave lens
component include a plurality of aspheric lens surfaces. This
further facilitates correction of aberrations.

[0264] It is also preferred that the following conditional
expression (C2) be satisfied:

0.3<f,#//1<0.9 (€2),

where f) - is the combined focal length of the portion of the
first lens unit that is located on the object side of the
reflecting surface, and f; is the focal length of the first lens
unit.
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[0265] If the negative refractive power of the portion of
the first lens unit that is located on the object side of the
reflecting surface is not excessively high so that the lower
limit of conditional expression (C2) is reached, aberrations
generated in the first lens unit can efficiently be made small.
[0266] If the negative refractive power of the portion of
the first lens unit that is located on the object side of the
reflecting surface is so high that the upper limit of condi-
tional expression (C2) is not exceeded, a wide angle of view
can be achieved advantageously.

[0267] It is also preferred that the following conditional
expression (C3) be satisfied:

04<R nertRiner) (RivcrRiver)<1 (€3),

where R v 1s the paraxial radius of curvature of the object
side surface of the biconcave lens component in the first lens
unit, and R, -z is the paraxial radius of curvature of the
image side surface of the biconcave lens component in the
first lens unit.

[0268] If the refractive power of the object side surface of
the biconcave lens component is not excessively high so that
the lower limit of conditional expression (C3) is reached, the
position of the principal point of the biconcave lens com-
ponent is prevented from being distant from the position of
the principal point of the positive lens component in the first
lens unit. This is advantageous for correction of aberrations
generated in the first lens unit.

[0269] If the upper limit of conditional expression (C3) is
not exceeded, the negative lens component can have a
sufficiently high negative refractive power, and the negative
refractive power can be distributed to the object side surface
and the image side surface. This is advantageous for reduc-
tion of axial aberrations.

[0270] It is preferred that the magnification of the third
lens unit be higher at the telephoto end than at the wide angle
end.

[0271] If this is the case, the magnification change pro-
vided by the second lens unit can be made smaller. This is
advantageous when correction of aberrations and high zoom
ratio are both to be achieved.

[0272] Itis preferred that the first lens unit consist, in order
from the object side to the image side along the optical axis,
of'a negative single lens having a negative refractive power,
the reflecting member, and a positive single lens having a
positive refractive power and having a meniscus shape with
a convex surface facing the object side and that the reflecting
member be a reflecting prism having a flat entrance surface
and a flat exit surface.

[0273] The flat incidence and exit surfaces of the reflecting
prism lead to low cost. The number of optical components
in the first lens unit is as small as three. Moreover, the first
lens unit is designed to have a sufficiently high negative
refractive power, which is needed to achieve a sufficiently
large angle of view, and to facilitate correction of aberra-
tions.

[0274] In particular, since the positive single lens has a
meniscus shape with a convex surface facing the object side,
the principal point of this positive single lens can readily be
located closer to the object side along the optical axis. This
allows a reduction in the size of the reflecting prism, leading
to a size reduction with respect to the thickness direction.
[0275] The above feature additionally allows a reduction
in the diameter of the negative single lens and a reduction in
the distance between the negative single lens and the prin-
cipal point of the positive single lens, facilitating a reduction
in curvature of field and prevention of excessively high
distortion.
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[0276] The above-described configuration is advanta-
geous when a sufficiently wide angle of view at the wide
angle end, size reduction, and cost reduction are to be
achieved in a negative-lead type zoom lens with a bent
optical path, which can advantageously be designed to have
a wide angle of view at the wide angle end.

[0277] Tt is preferred that the positive single lens in the
first lens unit satisfy the following conditional expression
(B1):

-8<(R1prtR 1 pr)/ (R1pr—R1pp)<-1 (B1),

where R, . is the paraxial radius of curvature of the object
side surface of the positive single lens in the first lens unit,
and R, 5 is the paraxial radius of curvature of the image side
surface of the positive single lens in the first lens unit.
[0278] Conditional expression (B1) specifies a preferred
condition concerning the shape factor of the positive single
lens having a meniscus shape in the first lens unit.

[0279] If the positive refractive power of the object side
surface of the positive single lens is so high that the lower
limit of conditional expression (B1) is reached, the principal
point of the positive single lens can readily be located closer
to object side. This is advantageous for correction of chro-
matic aberration and size reduction of the reflecting prism.
[0280] If the positive single lens has a meniscus shape
with which the upper limit of conditional expression (B1) is
not exceeded, correction of curvature of field is facilitated.
[0281] It is preferred that the single lenses in the first lens
unit satisty the following conditional expression (B2):

20<vd —vd, <40 (B2),

where vd, ,, is the Abbe constant with respect to the d-line of
the negative single lens in the first lens unit, and vd, , is the
Abbe constant with respect to the d-line of the positive
single lens in the first lens unit.

[0282] Conditional expression (B2) specifies a preferred
range of the difference between the Abbe constant (with
respect to the d-line) of the negative single lens in the first
lens unit and that of the positive single lens in the first lens
unit.

[0283] If the difference between the Abbe constants of
these two lenses is so large that the lower limit of conditional
expression (B2) is reached, correction of chromatic aberra-
tion generated in the first lens unit is facilitated.

[0284] If the difference between the Abbe constants of
these two lenses is so small that the upper limit of condi-
tional expression (B2) is not exceeded, the negative single
lens can readily have an appropriate refractive index. This is
advantageous when a wide angle of view is to be achieved
with efficient reduction of aberrations.

[0285] It is preferred that the second lens unit consist of
three lens components including, in order from the object
side to the image side, the aforementioned object side
positive lens component, the aforementioned cemented lens
component, and the aforementioned image side positive lens
component.

[0286] Including only three lens components allows to
achieve both excellent performance and cost reduction.
[0287] Furthermore, it is preferred that the cemented lens
component have a negative refractive power.

[0288] The cemented lens component is located between
the positive lens components in the second lens unit. There-
fore, the cemented lens component having a negative refrac-
tive power provides cancellation of aberrations in the second
lens unit and facilitates reduction of spherical aberrations
etc. with sufficient brightness (or sufficiently high speed)
being achieved.
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[0289] In this case, it is preferred that the following

conditional expressions (A2) and (A3) be satisfied:
0.1l <1 (A2), and
0.2<6/1655 (A3),

where f, . is the focal length of the cemented lens component
in the second lens unit.

[0290] Conditional expression (A2) specifies a preferred
range of the ratio of the focal length of the object side
positive lens component and the focal length of the
cemented lens component having a negative refractive
power.

[0291] If the negative refractive power of the cemented
lens component is so high that the lower limit of conditional
expression (A2) is reached, aberrations generated by the
positive lens components in the second lens unit can be
cancelled efficiently.

[0292] If the refractive power of the object side positive
lens component is so high that the upper limit of conditional
expression (A2) is not exceeded, correction of spherical
aberration is facilitated.

[0293] Conditional expression (A3) specifies a preferred
range of the ratio of the focal length of the image side
positive lens component and the focal length of the
cemented lens component having a negative refractive
power.

[0294] If the negative refractive power of the cemented
lens component is so high that the lower limit of conditional
expression (A3) is reached, aberrations generated by the
positive lens components in the second lens unit can be
cancelled efficiently.

[0295] If the negative refractive power of the cemented
lens component is not excessively high so that the upper
limit of conditional expression (A3) is not exceeded, cor-
rection of chromatic aberration generated in the second lens
unit is facilitated.

[0296] It is preferred that the image side positive lens
component be a cemented lens component made up of a
negative lens and a positive lens.

[0297] Thus including a plurality of negative lenses in the
second lens unit further facilitates reduction of aberrations.
[0298] It is preferred that the second lens unit consist, in
order from the object side to the image side, of a positive
single lens constituting the object side positive lens com-
ponent, the cemented lens component made up of a positive
lens and negative lens arranged in order from the object side,
and a positive single lens constituting the image side posi-
tive lens component.

[0299] Constituting the cemented lens component by a
positive lens and a negative lens arranged in order from the
object side allows to make the positive refractive power of
the positive single lens arranged closest to the object side
small and facilitates correction of aberrations. Moreover,
using a positive single lens as the image side positive lens
component facilitates a size reduction of the second lens unit
and cost reduction.

[0300] Alternatively, it is preferred that the second lens
unit consist, in order from the object side to the image side,
of a positive single lens constituting the object side positive
lens component, the cemented lens component made up of
a positive lens and a negative lens arranged in order from the
object side, and a cemented lens component made up of a
negative lens and a positive lens arranged in order from the
object side, constituting the image side positive lens com-
ponent.

[0301] Using a cemented lens as the image side positive
lens component provides efficient correction of chromatic
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aberration generated in the second lens unit. This is advan-
tageous when a high zoom ratio is to be achieved.

[0302] It is preferred that the aperture stop be located
closer to the image side than the first lens unit and closer to
the object side than the lens closest to the image side in the
second lens unit, and that the zoom lens satisfy the following
conditional expressions (9) and (10):

33</,<15.0 (9), and
12<F,, <24 (10),

where {, is the focal length of the zoom lens at the telephoto
end, f,, is the focal length of the zoom lens at the wide angle
end, and F,  is the least F-number of the zoom lens at the
wide angle end.

[0303] Conditional expression (9) specifies a preferred
range of the zoom ratio in the above-described configura-
tion. Conditional expression (10) specifies a preferred range
of the F-number at the wide angle end.

[0304] If the zoom ratio is so high that the lower limit of
conditional expression (9) is reached, the image pickup
apparatus can suitably be used in various shooting situa-
tions.

[0305] A moderately low zoom ratio that does not exceed
the upper limit of conditional expression (9) is advantageous
for size reduction of the zoom lens.

[0306] If the F-number is larger than the lower limit of
conditional expression (10), the effective diameter of the
zoom lens will readily be prevented from becoming large,
leading to smallness in size.

[0307] It is preferred that the upper limit of conditional
expression (10) be not exceeded so that sufficient brightness
(sufficiently high speed) is achieved.

[0308] Two or more of the features described in the
foregoing may be adopted in combination.

[0309] It is more preferred that the lower limit value in
conditional expression (C1) be 1.3, more preferably 1.5, still
more preferably 1.8, still more preferably 1.9.

[0310] It is more preferred that the upper limit value in
conditional expression (C1) be 2.3, more preferably 2.25,
still more preferably 2.2.

[0311] It is more preferred that the lower limit value in
conditional expression (C2) be 0.4, more preferably 0.5, still
more preferably 0.6.

[0312] It is more preferred that the upper limit value in
conditional expression (C2) be 0.85, more preferably 0.8,
still more preferably 0.75, still more preferably 0.7.

[0313] It is more preferred that the lower limit value in
conditional expression (C3) be 0.45, more preferably 0.5,
still more preferably 0.55.

[0314] It is more preferred that the upper limit value in
conditional expression (C3) be 0.9, more preferably 0.8, still
more preferably 0.7.

[0315] It is more preferred that the lower limit value in
conditional expression (B1) be -7, more preferably -6, still
more preferably -5, still more preferably -4.

[0316] It is more preferred that the upper limit value in
conditional expression (B1) be -1.5, more preferably -2,
still more preferably -2.5.

[0317] It is more preferred that the lower limit value in
conditional expression (B2) be 22, more preferably 25, still
more preferably 28.

[0318] It is more preferred that the upper limit value in
conditional expression (B2) be 45, more preferably 40, still
more preferably 35, still more preferably 32.

[0319] It is more preferred that the lower limit value in
conditional expression (Al) be 0.2, more preferably 0.3, still
more preferably 0.35.
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[0320] It is more preferred that the upper limit value in
conditional expression (A1) be 0.55, more preferably 0.5.
[0321] It is more preferred that the lower limit value in
conditional expression (A2) be 0.2, more preferably 0.3, still
more preferably 0.4.

[0322] It is more preferred that the upper limit value in
conditional expression (A2) be 0.8, more preferably 0.6, still
more preferably 0.5.

[0323] It is more preferred that the lower limit value in
conditional expression (A3) be 0.4, more preferably 0.6, still
more preferably 0.7.

[0324] It is more preferred that the upper limit value in
conditional expression (A3) be 4, more preferably 3, still
more preferably 2, still more preferably 1.5.

[0325] It is more preferred that the lower limit value in
conditional expression (1) be 0.5, more preferably 0.7, still
more preferably 1.0, still more preferably 1.2.

[0326] It is more preferred that the upper limit value in
conditional expression (1) be 7, more preferably 5, still more
preferably 3, still more preferably 2.

[0327] It is more preferred that the lower limit value in
conditional expression (2) be -4, more preferably -3, still
more preferably -2.

[0328] It is more preferred that the upper limit value in
conditional expression (2) be -1.1, more preferably -1.2,
still more preferably —1.3.

[0329] It is more preferred that the lower limit value in
conditional expression (3) be -0.18, more preferably -0.17,
still more preferably -0.175, still more preferably —0.16,
still more preferably -0.13.

[0330] It is more preferred that the upper limit value in
conditional expression (3) be -0.02, more preferably -0.03,
still more preferably -0.04.

[0331] It is more preferred that the lower limit value in
conditional expression (4) be -0.5, more preferably -0.4,
still more preferably -0.3.

[0332] It is more preferred that the upper limit value in
conditional expression (4) be -0.12, more preferably -0.14,
still more preferably -0.16.

[0333] It is more preferred that the lower limit value in
conditional expression (5) be 0.2, more preferably 0.3.
[0334] It is more preferred that the upper limit value in
conditional expression (5) be 0.8, more preferably 0.75, still
more preferably 0.7, still more preferably 0.6, still more
preferably 0.5.

[0335] It is more preferred that the lower limit value in
conditional expression (6) be 1.5, more preferably 1.6, still
more preferably 1.7, still more preferably 2, still more
preferably 2.5.

[0336] It is more preferred that the upper limit value in
conditional expression (6) be 5, more preferably 4, still more
preferably 3.

[0337] It is more preferred that the lower limit value in
conditional expression (7) be —-0.3, more preferably -0.25,
still more preferably -0.2.

[0338] It is more preferred that the upper limit value in
conditional expression (7) be -0.1, more preferably -0.13,
still more preferably -0.16.

[0339] It is more preferred that the lower limit value in
conditional expression (8) be -2.5, more preferably -2, still
more preferably —1.5.

[0340] It is more preferred that the upper limit value in
conditional expression (8) be -0.7, more preferably -0.8,
still more preferably -0.9.

[0341] It is more preferred that the lower limit value in
conditional expression (9) be 3.6, more preferably 3.82.
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[0342] It is more preferred that the upper limit value in
conditional expression (9) be 10.0, more preferably 8.0, still
more preferably 5.0.

[0343] It is more preferred that the lower limit value in
conditional expression (10) be 1.4, more preferably 1.8, still
more preferably 1.7, still more preferably 2, still more
preferably 2.0.

[0344] It is more preferred that the upper limit value in
conditional expression (10) be 2.2, more preferably 2.1, still
more preferably 2.07, still more preferably 2.06.

[0345] It is more preferred that the lower limit value in
conditional expression (11) be 0.9, more preferably 1.0, still
more preferably 1.05.

[0346] It is more preferred that the upper limit value in
conditional expression (11) be 1.3, more preferably 1.25,
still more preferably 1.23, still more preferably 1.2.

[0347] It is more preferred that the lower limit value in
conditional expression (12) be 0.8, more preferably 0.85.
[0348] It is more preferred that the upper limit value in
conditional expression (12) be 0.92, more preferably 0.89.
[0349] It is more preferred that the lower limit value in
conditional expression (13) be 1.9, more preferably 2.0.
[0350] It is more preferred that the upper limit value in
conditional expression (13) be 3.5, more preferably 2.5.
[0351] It is more preferred that the lower limit value in
conditional expression (14) be 1.35, more preferably 1.45.
[0352] It is more preferred that the upper limit value in
conditional expression (14) be 2.5, more preferably 1.8.
[0353] It is more preferred that the lower limit value in
conditional expression (15) be 1.07, more preferably 1.10.
[0354] It is more preferred that the upper limit value in
conditional expression (15) be 1.5, more preferably 1.2
[0355] In the following, embodiments of the image pickup
apparatus equipped with a zoom lens with a bent optical path
according to the present invention will be described in detail
with reference to the accompanying drawings. It should be
understood that the present invention is not limited by the
embodiments.

EMBODIMENTS

[0356] In the following, first to tenth embodiments of the
zoom lens according to the present invention will be
described. FIGS. 1A, 2A, 3A, 4A, 5A, 6A, 7A, 8A,9A, and
10A are cross sectional views of the zoom lenses according
to the first to tenth embodiments in the state in which they
are focused on an object point at infinity at the wide angle
end, FIGS. 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B, 9B, and 10B are
cross sectional views of the zoom lenses according to the
first to tenth embodiments in the state in which they are
focused on an object point at infinity in an intermediate focal
length state, and FIGS. 1C, 2C, 3C, 4C, 5C, 6C, 7C, 8C, 9C,
and 10C are cross sectional views of the zoom lenses
according to the first to tenth embodiments in the state in
which they are focused on an object point at infinity at the
telephoto end. In FIGS. 1A to 10A, 1B to 10B, and 1C to
10C, a first lens unit is denoted by G1, a second lens unit is
denoted by G2, a third lens unit is denoted by G3, a fourth
lens unit is denoted by G4, an aperture stop is denoted by S,
a plane parallel plate constituting a low pass filter on which
wavelength range restriction coating for restricting infrared
light is denoted by F, a plane parallel plate constituting a
cover glass for an electronic image pickup element is
denoted by C, and the image plane is denoted by 1. The cover
glass C may have a multi-layer film for wavelength range
restriction applied on its surface. The cover glass C may be
adapted to have the low-pass filtering function. The low-pass
filtering function of the plane parallel plate F may be
eliminated.
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[0357] In all the zoom lenses according to the embodi-
ments, the aperture stop S moves integrally with the second
lens unit G2. All the numerical data presented below are for
the state in which the zoom lens is focused on an object at
infinity. In the numerical data, dimensions are in millimeters
and angles are in degrees. Zoom data will be given for the
wide angle end (WE), for an intermediate zoom state (ST)
at which the third lens unit comes closest to the second lens
unit in the course of zooming, and for the telephoto end
(TE).

[0358] As shown in FIGS. 1A, 1B, and 1C, the zoom lens
according to the first embodiment includes, in order from the
object side, a first lens unit G1 having a negative refractive
power, an aperture stop S, a second lens unit G2 having a
positive refractive power, a third lens unit G3 having a
negative refractive power, and a fourth lens unit G4 having
a positive refractive power.

[0359] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0360] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0361] FIGS. 1A to 10A, 1B to 10B, and 1C to 10C are
extended views in which the reflecting surface of the prism
is not illustrated. Actually, the prism is a rectangular prism
as shown in FIG. 24.

[0362] There are five aspheric surfaces, which include
both surfaces of the biconcave negative lens in the first lens
unit G1, both surfaces of the object side biconvex positive
lens in the second lens unit G2, and the image side surface
of the biconvex positive lens in the fourth lens unit G4.
[0363] As shown in FIGS. 2A, 2B, and 2C, the zoom lens
according to the second embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0364] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0365] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
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a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a positive meniscus lens having
a convex surface directed toward the image side. The third
lens unit G3 is composed of a negative meniscus lens having
a convex surface directed toward the object side. The fourth
lens unit G4 is composed of a biconvex positive lens. The
lens elements in each lens unit are arranged in the mentioned
order from the object side.

[0366] There are seven aspheric surfaces, which include
both surfaces of the biconcave negative lens in the first lens
unit G1, both surfaces of the biconvex positive lens in the
second lens unit G2, the image side surface of the negative
meniscus lens in the third lens unit G3, and both surfaces of
the biconvex positive lens in the fourth lens unit G4.
[0367] As shown in FIGS. 3A, 3B, and 3C, the zoom lens
according to the third embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0368] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0369] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0370] There are six aspheric surfaces, which include both
surfaces of the biconcave negative lens in the first lens unit
(1, both surfaces of the object side biconvex positive lens
in the second lens unit G2, the image side surface of the
negative meniscus lens in the third lens unit G3, and the
image side surface of the biconvex positive lens in the fourth
lens unit G4.

[0371] As shown in FIGS. 4A, 4B, and 4C, the zoom lens
according to the fourth embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0372] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
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moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0373] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0374] There are seven aspheric surfaces, which include
both surfaces of the biconcave negative lens in the first lens
unit G1, both surfaces of the object side biconvex positive
lens in the second lens unit G2, the image side surface of the
image side biconvex positive lens in the second lens unit G2,
the image side surface of the negative meniscus lens in the
third lens unit G3, and the image side surface of the
biconvex positive lens in the fourth lens unit G4.

[0375] As shown in FIGS. 5A, 5B, and 5C, the zoom lens
according to the fifth embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0376] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0377] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0378] There are six aspheric surfaces, which include both
surfaces of the biconcave negative lens in the first lens unit
(1, both surfaces of the object side biconvex positive lens
in the second lens unit G2, the image side surface of the
negative meniscus lens in the third lens unit G3, and the
image side surface of the biconvex positive lens in the fourth
lens unit G4.
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[0379] As shown in FIGS. 6A, 6B, and 6C, the zoom lens
according to the sixth embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0380] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0381] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0382] There are six aspheric surfaces, which include both
surfaces of the biconcave negative lens in the first lens unit
(1, both surfaces of the object side biconvex positive lens
in the second lens unit G2, the image side surface of the
negative meniscus lens in the third lens unit G3, and the
image side surface of the biconvex positive lens in the fourth
lens unit G4.

[0383] As shown in FIGS. 7A, 7B, and 7C, the zoom lens
according to the seventh embodiment includes, in order
from the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0384] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0385] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a biconvex positive lens and a
biconcave negative lens, and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a positive meniscus lens
having a convex surface directed toward the image side. The
lens elements in each lens unit are arranged in the mentioned
order from the object side.
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[0386] There are six aspheric surfaces, which include both
surfaces of the biconcave negative lens in the first lens unit
(1, the image side surface of the positive meniscus lens in
the first lens unit G1, both surfaces of the object side
biconvex positive lens in the second lens unit G2, and the
image side surface of the positive meniscus lens in the fourth
lens unit G4.

[0387] As shown in FIGS. 8A, 8B, and 8C, the zoom lens
according to the eighth embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, an aperture stop S, a second lens unit G2
having a positive refractive power, a third lens unit G3
having a negative refractive power, and a fourth lens unit G4
having a positive refractive power.

[0388] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0389] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a biconvex positive lens and a
biconcave negative lens, and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0390] There are six aspheric surfaces, which include both
surfaces of the biconcave negative lens in the first lens unit
(1, the image side surface of the positive meniscus lens in
the first lens unit G1, both surfaces of the object side
biconvex positive lens in the second lens unit G2, and the
image side surface of the biconvex positive lens in the fourth
lens unit G4.

[0391] As shown in FIGS. 9A, 9B, and 9C, the zoom lens
according to the ninth embodiment includes, in order from
the object side, a first lens unit G1 having a negative
refractive power, a second lens unit G2 having a positive
refractive power, a third lens unit G3 having a negative
refractive power, and a fourth lens unit G4 having a positive
refractive power. The zoom lens also includes an aperture
stop S disposed just in front of the second lens unit G2.
[0392] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0393] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
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negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0394] There are eight aspheric surfaces, which include
both surfaces of the biconcave negative lens in the first lens
unit G1, both surfaces of the object side biconvex positive
lens in the second lens unit G2, both surfaces of the negative
meniscus lens in the third lens unit G3, and both surfaces of
the biconvex positive lens in the fourth lens unit G4.

[0395] As shown in FIGS. 10A, 10B, and 10C, the zoom
lens according to the tenth embodiment includes, in order
from the object side, a first lens unit G1 having a negative
refractive power, a second lens unit G2 having a positive
refractive power, a third lens unit G3 having a negative
refractive power, and a fourth lens unit G4 having a positive
refractive power. The zoom lens also includes an aperture
stop S disposed just in front of the second lens unit G2.

[0396] During zooming from the wide angle end to the
telephoto end, the first lens unit G1 is fixed, the second lens
unit G2 moves toward the object side, the third lens unit G3
moves toward the object side, and the fourth lens unit G4
moves toward the image side. The aperture stop S moves
with the second lens unit G2. Focusing operation from an
object point at long distance to an object point at short
distance is performed by moving the third lens unit G3
toward the image side or by moving the fourth lens unit G4
toward the object side.

[0397] The first lens unit G1 is composed of a biconcave
negative lens, a prism, and a positive meniscus lens having
a convex surface directed toward the object side. The second
lens unit G2 is composed of a biconvex positive lens, a
cemented lens made up of a positive meniscus lens having
a convex surface directed toward the object side and a
negative meniscus lens having a convex surface directed
toward the object side, and a cemented lens made up of a
negative meniscus lens having a convex surface directed
toward the object side and a biconvex positive lens. The
third lens unit G3 is composed of a negative meniscus lens
having a convex surface directed toward the object side. The
fourth lens unit G4 is composed of a biconvex positive lens.
The lens elements in each lens unit are arranged in the
mentioned order from the object side.

[0398] There are eight aspheric surfaces, which include
both surfaces of the biconcave negative lens in the first lens
unit G1, both surfaces of the object side biconvex positive
lens in the second lens unit G2, both surfaces of the negative
meniscus lens in the third lens unit G3, and both surfaces of
the biconvex positive lens in the fourth lens unit G4.

[0399] Numerical data of each embodiment described
above is shown below. Apart from symbols described above,
BF denotes a back focus, 1, {2, . . . denotes a focal length
of each lens unit, FNO denotes an F number, » denotes a
half image angle, WE denotes a wide angle end, ST denotes
an intermediate state in which the third lens unit moves to be
closest to the second lens unit in the course of zooming, TE
denotes a telephoto end, r denotes radius of curvature of
each lens surface, d denotes a distance between two lenses,
nd denotes a refractive index of each lens for a d-line, and
vd denotes an Abbe’s number for each lens. The overall
length of the lens system which will be described later is a
length which is obtained by adding the back focus to a
distance from the first lens surface up to the last lens surface.
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BF (back focus) is a unit which is expressed upon air
conversion of a distance from the last lens surface up to a
paraxial image plane.

[0400] A shape of the aspheric surface is described by the
following expression (I) using each aspherical surface coet-
ficient in each embodiment, when Z is let to be a coordinate
point on an optical axis, and Y is let to be a coordinate point
on a direction orthogonal to the optical axis,
Z=(P/ry [ 1+{ 1=K+ 1)V} V244, Y4 A Yo+ A Yo+
Ayo¥0+4,,1 03]

[0401] where, r denotes a paraxial radius of curvature,
K denotes a conical coefficient, A,, A, Ag, Ao, and
A,, denote aspherical surface coefficients of a fourth
order, a sixth order, an eight order, a tenth order, and a
twelfth order respectively. Moreover, in the aspherical
surface coefficients, ‘e-n’ (where, n is an integral
number) indicates ‘107",

Example 1
[0402]

Unit mm

Surface data
Surface no. T d nd vd
Object plane @ @
1* -43.526 0.70 1.80610  40.92
2% 7.498 2.23
3 ] 9.80 1.83481 42.71
4 ] 0.20
5 27.031 1.45 1.92286 18.90
6 81.054 Variable
7(stop) @ 0.50
8* 9.321 3.50 1.74320 49.34
9% -98.055 0.20
10 9.334 2.22 1.48749  70.23
11 46.784 0.50 1.80518 25.42
12 6.043 0.84
13 14.563 1.46 1.49700 81.54
14 -23.024 Variable
15 22.137 0.70 1.51633 64.14
16 7.708 Variable
17 38.890 1.94 1.58313 59.38
18* -8.453 Variable
19 ] 0.30 1.51633 64.14
20 ] 0.40
21 ] 0.50 1.51633 64.14
22 ] 0.37
Image plane ©

(Light receiving surface)

Aspherical surface data

1st surface

k = 0.000

A4 = -1.58944e-04, A6 = 3.91965e-06, A8 = -7.18057e-08,
A10 = 4.25832e-10

2nd surface

k =-0.263
A4 = -4.46951e-04, A6 = 2.60829e-06, A8 = -9.25769¢-08
8th surface

k =-0.011
A4 = —6.45266e-05, A6 = 1.49707e-07, A8 = 9.85869e-09
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-continued -continued
Unit mm Unit mm
9th surface 2nd surface
k = 0.000 k=-0.394

A4 = 1.48007e-04, A6 = 1.88272e-07, A8 = 2.473396-08
18th surface

A4 = -3.64706e-04, A6 = 5.39670e-07, A8 = -4.12932e-08
8th surface

k =0.000 k=-0.279
A4 =2.04507e-03, A6 = -5.50760e-05, A8 = 7.16731e-07 A4 = -8.84624e-05, A6 = 3.94663e-07
9th surface
Zoom data
k =0.000
WE ST TE Ad = 2.79476e-04, A6 = —1.38828e-06, A8 = 1.48287¢-08
16th surface
Focal length 4.70 9.12 18.06
Fno. 2.05 3.24 4.80 k =0.000
Angle of fleld 2w 82.78 48.40 24.86 A4 = -1.22727e-04, A6 = 8.94531e-06, A8 = -5.91601e-07
Image height 3.60 4.16 4.16 17th surface
BF 2.80 2.02 1.80
Lens total length 53.93 53.93 53.93 k = 0.000
dé 18.20 10.25 1.10 A4 = -3.46583e-04, A6 = -2.54819¢-06, A8 = 4.74526e-07
d14 3.95 1.21 345 18th surface
die 2.78 14.18 21.33
d1g 147 0.74 0.50 k =0.000
A4 = 1.00000e-03, A6 = -3.17235e-05, A8 = 9.68103e-07
Unit focal length
Zoom data
f1 =-12.20 2 =12.01 f3 =-23.29 4 =12.09
WE ST TE
Focal length 4.51 8.74 17.29
Example 2 Fno. 2.05 3.26 4.81
Angle of fleld 2w 83.85 49.99 25.92
Image height 3.60 4.16 4.16
[0403] BF 3.03 2.03 1.82
Lens total length 53.95 53.95 53.95
dé 18.10 10.33 1.10
Unit mm d14 3.20 1.19 2.84
die 2.46 13.22 21.03
Surface data d18 1.71 0.73 0.50
Surface no. T d nd vd Unit focal length
Object plane i @ fl=-1223  £2=1163 3 =-19.94 4 =12.10
1* -54.294 0.70 1.74320  49.34
2% 6.845 2.61
3 o 9.80 1.83481 42.71
4 o 0.20
5 22.599 1.43 1.92286  18.90 Example 3
6 45.973 Variable
7(stop) @ 0.50 [0404]
8* 8.871 2.98 1.58313  59.38
9* -23.063 0.20
10 8.797 2.16 1.51633  64.14 Unit mm
11 17.916 0.50 1.84666  23.78
12 6.177 1.19 Surface data
13 -787.254 1.37 149700 81.54
14 -11.469 Variable Surface no. T d nd vd
15 24.000 0.70 1.51633  64.14
16* 7.134 Variable Object plane @ @
17% 28.124 2.82 1.58313  59.38 1* -35.285 0.70 1.74320  49.34
18% -9.074 Variable 2% 7.275 2.39
19 o 0.30 1.51633  64.14 3 o 9.80 1.83481 42.71
20 o 0.40 4 o 0.20
21 o 0.50 1.51633  64.14 5 23911 1.44 1.92286  18.90
22 o 0.37 6 50.026 Variable
Image plane @ 7(stop) @ 0.50
(Light receiving surface) 8* 9.335 2.30 1.58313 59.38
9% -21.315 0.20
Aspherical surface data 10 8.440 2.12 1.51633 64.14
11 14.959 0.50 1.84666  23.78
1st surface 12 6.220 1.26
13 435.767 0.51 1.61772  49.81
k =0.000 14 10.646 2.10 1.51633  64.14
A4 = -1.02651e-04, A6 = 2.83302¢-06, A8 = -4.57126e-08, 15 -13.062 Variable
Al0 = 2.94908e-10 16 22.013 0.70 1.51633  64.14
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-continued -continued
Unit mm Unit mm
17* 7.384 Variable 4 @ 0.20
18 23.740 2.70 1.58313  59.38 5 24.510 1.40 1.92286  18.90
19% -10.127 Variable 6 51.949 Variable
20 @ 0.30 1.51633 64.14 7(stop) @ 1.10
21 @ 0.40 8% 8.754 2.45 1.58313  59.38
22 @ 0.50 1.51633 64.14 9* -28.998 0.20
23 @ 0.53 10 9.476 1.52 1.51633 64.14
Image plane @ 11 11.791 0.50 1.84666  23.78
(Light receiving surface) 12 6.561 1.24
13 55.251 0.50 1.69895  30.13
Aspherical surface data 14 13.166 1.72 1.58313 59.38
15%* -15.732 Variable
1st surface 16 27.444 0.50 1.51633 64.14
17* 6.814 Variable
k = 0.000 18 25.778 2.49 1.58313  59.38
A4 = -3.17786e-05, A6 = -3.30929e-07, A8 = 1.23452¢-08, 19%* -9.413 Variable
A10 = -1.72009e-10 20 @ 0.30 1.51633 64.14
2nd surface 21 @ 0.40
22 @ 0.50 1.51633 64.14
k =-0.465 23 @ 0.39
A4 = -2.96348e-04, A6 = -4.41306e-07, A8 = -2.63099e-08 Image plane @
8th surface (Light receiving surface)
k =-0.725 Aspherical surface data
A4 =-2.99334e-05, A6 = -1.72903e-07
9th surface 1st surface
k = 0.000 k = 0.000
A4 =2.156536-04, A6 = —1.96806e-06, A8 = 1.362256-08 A4 = -2.91111e-05, A6 = 9.83567e-08, A8 = -8.64103e-10,
17th surface Al0 = -3.48452¢-12
2nd surface
k = 0.000
A4 =-6.32012e-05, A6 = 3.53360e-07, A8 = 2.05889%-09 k = -0.580
19th surface A4 = -2.16660e-04, A6 = —1.39940e-07, A8 = -4.79094e-09
8th surface
k = 0.000

A4 = 1.48095e-03, A6 = -3.95167e-05, A8 = 5. 24751e-07

k =-0.463
A4 = -5.44461e-05, A6 = 2.29575¢-07, A8 = 4.47084e-10

Zoom data 9th surface
WE ST TE k = 0.000
A4 = 2.24075e-04, A6 = —1.40874e-006, A8 = 8.48251e-09
Focal length 4.64 9.01 17.82 15th surface
Fno. 2.04 3.19 4.72
Angle of field 2w 83.54 48.50 25.10 k = 0.000
Image height 3.60 4.16 4.16 A4 = 4.61499e-06, A6 = -5.50121e-08, A8 = 5.82837e-09
BF 3.29 2.48 1.98 17th surface
Lens total length 54.60 54.60 54.60
dé 18.06 9.84 1.09 k = 0.000
dis 3.28 1.52 4.36 A4 = -1.13376e-04, A6 = 4.51512e-07, A8 = 3.26203e-08
d17 2.56 13.31 19.78 19th surface
d19 1.80 1.04 0.49
k = 0.000
Unit focal length A4 =1.65047e-03, A6 = —4.18933e-05, A8 = 5.27429e-07
fl =-11.82 2 =12.17 f3 =-21.87 4 =12.54 Zoom data
WE ST TE
Example 4 Focal length 4.69 9.11 18.02
Fno. 2.04 3.22 4.77
[0405] Angle of field 2w 83.12 47.93 24.90
Image height 3.60 4.16 4.16
BF 3.16 2.39 1.83
) Lens total length 55.00 55.00 55.00
Unit mm dé 18.14 9.98 1.10
Surface data dis 4.15 2.59 4.42
d17 2.83 13.28 2091
Surface no. T d nd vd d19 1.81 1.07 0.50
Object plane @ @ Unit focal length
1* -33.843 0.70 1.74320 49.34
2% 7.644 2.33 fl =-12.25 2 =11.77 f3 =-17.70 f4=12.14

3 ] 9.90 1.83481 42.71
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Example 5 -continued
[0406] Unit mm
d15 3.25 1.49 431
Unit mm d17 2.60 13.34 19.81
d19 1.82 1.05 0.50
Surface data
Surface no. r d nd vd Unit focal length
Object plane © o fl=-11.82 fl =12.16 3 = 21.88 4 = 12.52
1* -34510 0.70 1.74320  49.34
2 7.237 2.39
3 o 9.80 1.83481  42.71
4 o 0.20
5 24395 1.42 1.92286  18.90 Example 6
6 53.426 Variable
7(stop) @ 0.50
8* 9.381 2.31 1.58313  59.38 [0407]
9 -21.518 0.20
10 8.407 2.12 1.51633  64.14
11 14.279 0.50 1.84666  23.78 Unit mm
12 6.264 1.25
13 467.915 0.50 1.58313  59.38 Surface data
14 7.691 2.00 149700 81.54
15 -12.607 Variable Surface no. T d nd vd
16 21.992 0.70 1.51633  64.14
17* 7.383 Variable Object plane @ @
18 21.746 3.02 1.58313 59.3%8 1% ~38.010 0.70 174320 49.34
19* -10.431 Variable ok 7.423 2.39
20 o 0.30 1.51633  64.14 3 o 980 183481 4271
21 © 0.40 4 © 0.20
22 o 0.50 1.51633  64.14 5 22.864 141 1.92286  18.90
23 @ 0.37 6 44118 Variable
Image plane o 7(stop) @ 1.10
(Light receiving surface) gt 9.115 2.45 1.58313  59.38
9% -25.067 0.20
Aspherical surface data 10 9.466 1.63 151633  64.14
1 11.964 0.50 1.84666  23.78
Lst surface 12 6.710 1.22
13 237.080 0.50 1.69895  30.13
k = 0.000 14 14.487 1.68 1.58313  59.38
A4 = -3.04381e-05, A6 = 1.69477e~07, A8 = —3.87833e-09, 15 _13429  Varable
AlD = -1.36632e-11 16 25.892 0.70 1.51633  64.14
2nd surface 17* 6.706  Variable
18 28.059 2.25 1.58313  59.38
k =-0.492 19% -9.015  Variable
A4 =-291981e-04, A6 = 7.67946e-08, A8 = -3.49219e-08 20 © 0.30 151633 64.14
8th surface 71 @ 0.40
2 o 0.50 1.51633  64.14
k =-0.344 23 @ 037
A4 = -9.23458¢-05, A6 = 1.87782¢-07 Image plane o
9th surface (Light receiving surface)
k =0.000 Aspherical surface data
A4 = 2.09424e-04, A6 = -1.23347e-06, A8 = 1.33931e-08
17th surface 1st surface
k =0.000 k = 0.000
A4 = -7.90656e-05, A6 = 2.39362e—06, A8 = —2.08011e—07 A4 = ~4.85058e-05, A6 = 4.76992e-07, A8 = —1.07358¢-08,
19th surface Al0 =4.32102e-11
2nd surface
k =0.000
A4 = 1.40524e-03, A6 = -3.31802e~05, A8 = 3.67016e-07 k=-0.452
A4 = -2.71303e-04, A6 = 2.00782¢-08, A8 = —3.64745¢-08
Zoom data 8th surface
k=-0324
WE ST TE A4 = -9.02599¢-05, A6 = 7.82224e-07
9th surface
Focal length 4.66 9.03 17.84
Fno. 2.04 3.20 474 X = 0.000
Angle of field 20 83.26 48.52 25.15 Ad = 2.39349e-04, A6 = ~7.52152e-07, A8 = 1.06553e~08
Image height 3.60 4.16 4.16 17th surface
BF 3.15 2.35 1.82
Lens total length 54.65 54.65 54.65 k = 0.000

d6 18.05 9.83 1.10 A4 = -1.10231e-04, A6 = 1.86508¢-06, A8 = -1.89133e-07
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-continued -continued
Unit mm Unit mm
19th surface 6th surface
k= 0.000 k = 0.000
A4 =1.70441e-03, A6 = —4.15019¢-05, A8 = 5.05361e-07 A4 = 1.51335¢-03, A6 = 3.40697e-07
Zoom data 8th surface
WE ST TE k = 0.000
A4 = -2.25534e-04, A6 = -2.31764e-06, A8 = -2.31822e-08
Focal length 4.64 9.00 17.80 9th surface
Fno. 2.05 3.22 4.86
Angle of field 20 83.55 48.44 25.20 k=0.000
Image height 3.60 416 416 A4 =2.79817e-04, A6 = —2.89422e-06, A8 = 8.12041e-08
BF 3.12 2.35 1.80 18th surface
Lens total length 54.63 54.63 54.63
dé 17.89 9.91 1.10 k = 0.000
d1s 3.99 2.40 4.21 A4 = 9.93323e-04, A6 = —-2.81941e-05, A8 = 2.53008e-07
d17 2.93 13.24 20.79
d19 1.79 1.05 0.50 Zoom data
Unit focal length WE ST TE
fl = -12.06 f2 = 11.69 f3=-17.75 f4=11.97 Focal length 4.93 958 19.26
Fno. 2.04 3.28 4.88
Angle of field 2w 81.31 46.78 23.80
Image height 3.67 4.16 4.16
Example 7 BF 3.37 2.08 179
[0408] Lens total length 53.94 53.94 53.94
dé 17.91 10.36 1.10
di14 3.51 1.12 3.07
. di6 2.10 13.25 20.89
Unit mm d1s 2.06 0.82 0.50
Surface data
Unit focal length
Surface no. T d nd vd
fl =-11.92 2 =11.84 f3 =-19.62 f4=17.70
Object plane @ @
1* -43.195 0.71 1.74320 49.34
2% 6.532 2.26
3 ] 9.40 1.83481 42.71
4 @ 0.20 Example 8
5 19.618 1.58 1.92286 20.88
6* 40.454 Variable
7(stop) @ 0.50 [0409]
8* 7.100 3.70 1.49700 81.61
o* -19.738 0.20
10 11.344 242 1.51633 64.14 Unit mm
11 -26.489 0.70 1.88300 40.76
12 5.901 0.58 Surface data
13 7.786 2.02 1.49700 81.61
14 -15.169 Variable Surface no. T d nd vd
15 25.467 1.30 1.51633 64.14
16 7.121 Variable Object plane @ @
17 328.706 1.53 1.74320 49.34 1* -52.305 0.71 1.76802 49.24
18* -12.674 Variable 2% 6.467 2.16
19 ] 0.30 1.51633 64.14 3 ] 9.23 1.80100 34.97
20 ] 0.40 4 ] 0.20
21 ] 0.50 1.51633 64.14 5 29.807 1.58 1.92286 20.88
22 ] 0.37 6* 132.862 Variable
Image plane @ 7(stop) @ 0.50
(Light receiving surface) 8* 7.246 3.70 149700 81.61
9% -19.668 0.20
Aspherical surface data 10 11.750 2.67 1.51633 64.14
11 —-27.348 0.70 1.88300 40.76
1st surface 12 5.959 0.55
13 7.727 2.00 1.49700 81.61
k =0.000 14 -16.318 Variable
A4 = -3.21889¢-04, A6 = 9.77481e-06, A8 = -2.27194e-07, 15 26.921 1.30 1.51633 64.14
Al10 = 2.41713e-09 16 7.261 Variable
2nd surface 17 47.587 1.53 1.74320 49.34
18* -17.513 Variable
k =0.000 19 ] 0.30 1.51633 64.14
A4 = -9.39369¢-04, A6 = 4.83003e-06, A8 = -3.13895¢-07 20 ] 0.40
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-continued -continued
Unit mm Unit mm
21 © 0.50 1.51633 64.14 9% —62.774 0.20
22 @ 0.37 10 8.552 136 151633 64.14
Image plane o 1 10.233 0.60 1.84666  23.78
(Light receiving surface) 12 5.693 0.99
) 13 18.839 0.60 1.64769  33.79
Aspherical surface data 14 7.921 1.84 158313 59.38
Lst surface 15 -19.618  Variable
16% 64.854 0.60 1.58313  59.38
k = 0.000 17* 8.067 Variable
A4 = -3.77568¢-04, A6 = 9.95170e-06, A8 = ~2.18102¢-07, 18* 27277 252 1.53071  55.69
Al10 = 2.52245e-09 19% -7.888 Variable
2nd surface 20 @ 0.30 1.51633 64.14
21 o 0.40
k =0.000 2 o 0.50 1.51633  64.14
A4 = -9.59409¢-04, A6 = 1.72985¢-06, A8 = -2.39562e-07 23 @ 0.53
6th surface Image plane ®
Light receiving surface
g
k =0.000
A4 = -1.14666e-05, A6 = 3.16621e-07 Aspherical surface data
8th surface
K = 0.000 1st surface
A4 = -2.23010e-04, A6 = -2.433736-06, A8 = —1.92718e-08 K = 0.000
9th surface -
A4 = 493489¢-05, A6 = -1.29158e-07, A8 = —1.16334e-08,
X = 0.000 A0 = 1.41556e-10
A4 = 2.56903e-04, A6 = -3.06037e—06, A8 = 7.76664e-08 2nd surface
18th surface
K = -0473
k =0.000 A4 = -1.82450e—04, A6 = 1.42535¢-06, A8 = —8.24347e-08,
A4 = 6.61551e-04 , A6 = =1.30525¢-05 Al0 = 8.35344e-10
8th surface
Zoom data
K =-0.198
WE ST TE A4 = —1.03246e-04, A6 = 3.49289e—07, A8 = 6.10872e-09
9th surface
Focal length 4.94 9.64 19.34
Fno. 2.05 3.26 4.88 K = 0,000
ﬁiag; iif;iltd 20 8;3 42‘?2 23'?? Ad = 1.80453e-04, A6 = 1.17049e-07, A8 = 7.59420e—09
BF 3.70 231 177 16th surface
Lens total length 54.11 54.11 54.11
d6 17.85 10.06 1.10 K =0.000
dl4 310 132 388 A4 = 7.72531e-04, A6 = -3.87260e-05, A8 = 8.88557¢-07
d16 2.49 13.37 20.34 17th surface
d18 2.39 1.07 0.50
K = 0.000
Unit focal length A4 = 8.16286e-04, A6 = -4.32734e-05, A8 = 1.88065¢-06,
A0 = -9.19886e-08
fl =-11.59 2 =12.00 3 =-19.70 4 =17.40 18th surface
K = 0.000
B le 9 A4 = -5.96735e-04, A6 = 1.42792¢-05, A8 = -8.01527e-07
Xample 19th surface
[0410] K = 0.000
A4 = 8.74596e-04, A6 = -9.08054e-06, A8 = —5.08363e-07,
A0 = 4.13678e-09
Unit mm
Surface data Zoom data
Surface no. T d nd vd WE ST TE
Object plane @ o Focal length 4.59 8.91 17.63
1: -32.721 0.70 1.74320  49.34 Fuo. 2.06 326 493
g 70-0357 ;-28 83400 3718 Angle of field 20 84.65 49.36 2534
4 o 0'20 : : Image height 3.62 4.16 4.16
5 22486 1.40 1.94595  17.94 BF 3.16 235 219
6 42781 Variable Lens total length 54.55 54.55 54.55
7(stop) @ 0.40 dé 18.66 10.75 1.60

8% 7.883 2.36 1.58313 59.38 dis 3.75 2.55 4.40
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-continued -continued
Unit mm Unit mm
d17 3.00 12.91 2039 17th surface
d19 1.68 0.89 0.71 K = 0.000
A4 = 2.31935e-04, A6 = —4.77549%-06, A8 = -2.39171e-07,
Unit focal length Al10 = 2.15321e-09
18th surface
fl = -11.74 f2=1135 3 =-15.86 4 =11.82 K = 0.000
A4 = —6.23737e-04, A6 = 2.24258¢-05, A8 = ~1.07557e-06
19th surface
K = 0.000
Example 10 A4 = 6.10677e-04, A6 = 2.86846e-05, A8 = —2.10438¢-06,
Al10 = 2.60906e-08
[0411] Zoom data
WE ST TE
Unit mm
Focal length 4.58 8.90 17.67
Surface data Fno. 2.06 3.26 4.92
Angle of field 20 84.93 49.33 2531
Surface no. r d nd vd Image height 3.61 4.16 416
BF 3.27 2.49 2.22
Object plane o o Lens total length 54.61 54.61 54.61
1* -28.431 0.70 1.74156 49.21 deé 18.72 10.71 1.66
2% 7.498 2.52 d1s 3.82 2.61 4.60
3 ® 9.60 1.83400  37.18 d17 2.99 12.94 20.29
4 @ 0.20 d19 1.79 1.06 0.77
5 23.587 1.40 1.94595  17.94
6 48.810 Variable Unit focal length
7(stop) @ 0.44
8% 7.803 2.70 1.58253  59.32 fl =-11.77 2 =11.50 3 =-16.28 =1173
9% -99.626 0.20
10 8.542 1.38 151633  64.14
11 10.200 0.50 1.84666  23.78 [0412] FIGS. 11A to 20L are aberrations diagrams of the
12 5590 0.88 zoom lenses according to the first to tenth embodiment
}i 12:8;2 ?:Sg }:ggf? zg:;z respectively in the state in which they are focused on an
15 233630 Variable object point at infinity. In these diagrams, “FIY” represents
16* 34.163 0.60 158253  59.32 the largest image height.
17* 7376 Variable [0413] FIGS. 11A to 11L are aberration diagrams of the
18+ 27.500 232 153071 55.69 zoom lens according to the first embodiment in the state in
;g* ‘70'0809 V%“;gle 151633 6414 which the zoom lens is focused on an object point at infinity.
o1 - 0.40 : : FIGS. 11A, 11B, 11C, and 11D respectively show spherical
2 @ 0.50 151633 64.14 aberration (SA), astigmatism (AS), distortion (DT), and
23 @ 0.53 chromatic aberration of magnification (CC) of the zoom lens
Image plane @ at the wide angle end. FIGS. 11E, 11F, 11G, and 11H

(Light receiving surface)

Aspherical surface data

1st surface

K = 0.000

A4 = 8.02335e-05, A6 = -1.22144e-06, A8 = 1.56276e-08,
A10 = -1.18185e-10

2nd surface

K = -0.381

A4 = -1.74640e-04, A6 = -1.56968e-06, A8 = 1.98476e-08,
A10 = -6.03739%e-10

8th surface

K =-0.310
A4 =-6.99639e-05, A6 = 1.62806e-07, A8 = 1.23244e-08
9th surface

K = 0.000
A4 =1.31566e-04, A6 = -1.80279¢-08, A8 = 1.30000e-08
16th surface

K = 0.000
A4 = 2.46234e-04, A6 = -6.33452e-06, A8 = 3.86311e-07

respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 111, 117J, 11K, and 11L respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the telephoto end.

[0414] FIGS. 12A to 121 are aberration diagrams of the
zoom lens according to the second embodiment in the state
in which the zoom lens is focused on an object point at
infinity. FIGS. 12A, 12B, 12C, and 12D respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the wide angle end. FIGS. 12E, 12F, 12G, and
12H respectively show spherical aberration (SA), astigma-
tism (AS), distortion (DT), and chromatic aberration of
magnification (CC) of the zoom lens in the intermediate
focal length state. FIGS. 121, 12J, 12K, and 12L. respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0415] FIGS. 13A to 13L are aberration diagrams of the
zoom lens according to the third embodiment in the state in
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which the zoom lens is focused on an object point at infinity.
FIGS. 13A, 13B, 13C, and 13D respectively show spherical
aberration (SA), astigmatism (AS), distortion (DT), and
chromatic aberration of magnification (CC) of the zoom lens
at the wide angle end. FIGS. 13E, 13F, 13G, and 13H
respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 131, 13J, 13K, and 13L respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the telephoto end.

[0416] FIGS. 14A to 141 are aberration diagrams of the
zoom lens according to the fourth embodiment in the state
in which the zoom lens is focused on an object point at
infinity. FIGS. 14A, 14B, 14C, and 14D respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the wide angle end. FIGS. 14E, 14F, 14G, and
14H respectively show spherical aberration (SA), astigma-
tism (AS), distortion (DT), and chromatic aberration of
magnification (CC) of the zoom lens in the intermediate
focal length state. FIGS. 141, 14J, 14K, and 14L. respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0417] FIGS. 15A to 151 are aberration diagrams of the
zoom lens according to the fifth embodiment in the state in
which the zoom lens is focused on an object point at infinity.
FIGS. 15A, 15B, 15C, and 15D respectively show spherical
aberration (SA), astigmatism (AS), distortion (DT), and
chromatic aberration of magnification (CC) of the zoom lens
at the wide angle end. FIGS. 15E, 15F, 15G, and 15H
respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 151, 15J, 15K, and 15L respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0418] FIGS. 16A to 16L are aberration diagrams of the
zoom lens according to the sixth embodiment in the state in
which the zoom lens is focused on an object point at infinity.
FIGS. 16A, 16B, 16C, and 16D respectively show spherical
aberration (SA), astigmatism (AS), distortion (DT), and
chromatic aberration of magnification (CC) of the zoom lens
at the wide angle end. FIGS. 16E, 16F, 16G, and 16H
respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 161, 16J, 16K, and 16L respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0419] FIGS. 17A to 171 are aberration diagrams of the
zoom lens according to the seventh embodiment in the state
in which the zoom lens is focused on an object point at
infinity. FIGS. 17A, 17B, 17C, and 17D respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the wide angle end. FIGS. 17E, 17F, 17G, and
17H respectively show spherical aberration (SA), astigma-
tism (AS), distortion (DT), and chromatic aberration of
magnification (CC) of the zoom lens in the intermediate
focal length state. FIGS. 171, 17J, 17K, and 17L respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.
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[0420] FIGS. 18A to 18L are aberration diagrams of the
zoom lens according to the eighth embodiment in the state
in which the zoom lens is focused on an object point at
infinity. FIGS. 18A, 18B, 18C, and 18D respectively show
spherical aberration (SA), astigmatism (AS), distortion
(DT), and chromatic aberration of magnification (CC) of the
zoom lens at the wide angle end. FIGS. 18E, 18F, 18G, and
18H respectively show spherical aberration (SA), astigma-
tism (AS), distortion (DT), and chromatic aberration of
magnification (CC) of the zoom lens in the intermediate
focal length state. FIGS. 181, 18], 18K, and 18L. respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0421] FIGS. 19A to 19L are aberration diagrams of the
zoom lens according to the ninth embodiment in the state in
which the zoom lens is focused on an object point at infinity.
FIGS. 19A, 19B, 19C, and 19D respectively show spherical
aberration (SA), astigmatism (AS), distortion (DT), and
chromatic aberration of magnification (CC) of the zoom lens
at the wide angle end. FIGS. 19E, 19F, 19G, and 19H
respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 191, 19], 19K, and 19L respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0422] FIGS. 20A to 20L are aberration diagrams of the
zoom lens according to the tenth embodiment in the state in
which the zoom lens is focused on an object point at infinity.
FIGS. 20A, 20B, 20C, and 20D respectively show spherical
aberration (SA), astigmatism (AS), distortion (DT), and
chromatic aberration of magnification (CC) of the zoom lens
at the wide angle end. FIGS. 20E, 20F, 20G, and 20H
respectively show spherical aberration (SA), astigmatism
(AS), distortion (DT), and chromatic aberration of magni-
fication (CC) of the zoom lens in the intermediate focal
length state. FIGS. 201, 20J, 20K, and 20L respectively
show spherical aberration (SA), astigmatism (AS), distor-
tion (DT), and chromatic aberration of magnification (CC)
of the zoom lens at the telephoto end.

[0423] Next, parameter and values of conditional expres-
sions (1) to (15), (A1) to (A3), (B1) to (B3), and (C1) to (C3)
in each embodiments are described. Here, “-”” shows that the
parameter of the conditional expression is not calculated.

Conditional
expression Examplel Example2 FExample3 Example4
(1) Dozyp/Daaw 142 1.30 1.28 1.46
2) fy/f, -1.93 -1.65 -1.74 -1.46
(3) Dospen'fa -0.05 -0.06 -0.07 -0.15
(4) Dosprax'fs -0.17 -0.16 -0.20 -0.25
(3) Dospgn/Doaw 0.31 0.37 0.46 0.63
(6) Doz ¢/Doznan 2.86 2.38 2.87 1.70
(7 fie/fia -0.18 -0.17 -0.17 -0.17
(8) Dyzp/f) -1.00 -1.03 -1.05 -1.02
9) /1, 3.84 3.83 3.84 3.84
(10) F,... 2.05 2.05 2.04 2.04
(11) f,/IH, 1.13 1.08 1.12 1.13
(12) IH,/IH, 0.87 0.87 0.87 0.87
(13) Bor/Pow 2.23 2.13 2.26 2.09
14) Bar/Paw 1.55 1.58 1.48 1.59
(15) Bar/Paw 1.11 1.14 1.15 1.16
(Al) £/fop — 0.49 0.36 0.48
(A2) £/1f5l — 0.54 0.46 0.45
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(A3) fop/1fcl — 1.10 1.26 0.94
(B1) Ripr + Rypr)/ — -2.93 -2.83 -2.79
(RIPF - RIPR)
(B2) vd - vd,p — 30.44 30.44 30.44
(B3) Rynr+ Rinr)/ — 0.78 0.66 0.63
(RINF - RINR)
(C1) Dye/9S — 2.15 221 2.03
(C2) 11 — 0.67 0.68 0.68
(C3) Ryycr + River) — 0.78 0.66 0.63

(RINCF - RINCR)

Conditional
expression Example5 Example6 FExample7 Example8
(1) Dozyp/Daaw 1.25 1.36 1.67 1.24
2) f3/f, -1.75 -1.48 -1.11 -1.13
(3) Dospen/fs -0.07 -0.14 -0.06 -0.07
(4) Dozpgax'fa -0.20 -0.24 -0.18 -0.20
(3) Dospgn/Doaw 0.46 0.60 0.32 0.43
(6) Doz /Dozpan 2.89 1.76 2.74 2.94
(7 fie/fin -0.17 -0.17 -0.19 -0.18
(8) Dyzp/f) -1.05 -1.03 -0.99 -1.00
9) /1, 3.83 3.83 391 3.92
(10) F,0n 2.04 2.05 2.04 2.05
(11) f,/IH, 1.12 1.12 1.18 1.19
(12) IH,/IH, 0.87 0.87 0.88 0.88
(13) Bor/Pow 2.25 2.09 2.16 2.22
(14) Bag/Paw 1.48 1.59 1.63 1.54
(15) Bag/Paw 1.15 1.15 1.11 1.14
(Al) Hp/fop 0.35 0.45 — —
(A2) f/1f5¢] 0.44 0.42 — —
(A3) fHp/lfscl 1.27 0.92 — —
(B1) (Ripr+ Ripg)/ -2.68 -3.15 — —
Ripr = Rypr)
(B2) vd;y - vd,p 30.44 30.44 — —
(B3) (Rynr+ Ring) 0.65 0.67 — —
Rinr = Ring)
(C1) Dyo/9S 2.18 2.07 — —
(C2) fi1, 0.68 0.69 — —
(C3) (Riwer + River) 0.65 0.67 — —
Rinver = Riner)
Conditional
expression Example9 Examplel0
(1) Doap/Dasw 1.25 1.28
2) fyf, -1.34 -1.39
(3) Doapan'fa -0.16 -0.16
4) Doapran/Ts -0.28 -0.28
(5) Dospan'Doam 0.68 0.68
(6) Doar/Dosagw 1.73 1.76
) fi7/fir -0.17 -0.17
(8) Dyzp/f) -1.06 -1.05
©) 1, 3.84 3.85
(10) F,0n 2.06 2.06
(11) f,/IH, 1.19 1.19
(12) IH,/IH, 0.88 0.88
(13) Boy/Pow 2.12 2.13
(14) Bar/Paw 1.62 1.60
(15) Bar/Paw 1.12 1.13
(Al) Lp/fop — —
(A2) /15l — —
(A3) fp/IH — —
(B1) (Ripr+ RipgV -3.22 -2.87
Ripr— Ripr)
(B2) vdy - vdp 31.40 31.27
(B3) (Ryne + Ring)/ 0.63 0.58
Ry = Ring)
(C1) Dyo/9S 1.96 1.98
(C2) fi1, 0.68 0.67
(C3) (Rynver + River) 0.63 0.58

(RINCF - RINCR)

(Correction of Distortion)

[0424] Incidentally, when the zoom lens system of the
present invention is used, a digital correction of distortion of

26
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an image may be carried out electrically. A basic concept for
the digital correction of the distortion of an image will be
described below.

[0425] For example, as shown in FIG. 21, with a point of
intersection of an optical axis and an image pickup plane to
be a center, a magnification on a circumference (image
height) of a circle of radius R making a contact internally
with a longer side of an effective image pickup plane is
fixed, and this circumference is let to be a base reference for
the correction. Next, each point on a circumference (image
height) of an arbitrary radius r(w) other than the radius R is
moved in a substantial direction of radiation, and the cor-
rection is carried out by moving on a concentric circle such
that the radius becomes r'(w).

[0426] For example, in FIG. 21, a point P, on a circum-
ference of an arbitrary radius r,(w) positioned at an inner
side of a circle of radius R is moved to a point P, on a
circumference of a radius r,'(w) which is to be corrected,
directed toward a center of the circle. Moreover, a point Q,
on a circumference of an arbitrary radius r,(w) positioned at
an outer side of the circle of radius R is moved to a point Q,
on a circumference of a radius r,'(w) which is to be cor-
rected, directed toward a direction away from the center of
the circle.

[0427] Here, r'(w) can be expressed as follows.

(w)=a:ftan

[0428] where, w is a half image angle of an object, fis
a focal length of an imaging optical system (the zoom
lens system in the present invention), and a is not less
than zero and not more than 1.
[0429] Here, when an ideal image height corresponding to
a circle (image height) of radius R is let to be Y, then

a=R/Y=R/(ftan w).

[0430] The optical system, ideally, is rotationally symmet-
ric with respect to an optical axis. In other words, the
distortion also occurs in a rotationally symmetric manner
with respect to the optical axis. Consequently, as it has been
described above, in a case of correcting electrically the
optical distortion, when it is possible to carry out correction
by fixing a magnification on a circumference (image height)
of the circle of radius R making a contact internally with a
longer side of the effective image pickup plane, with a point
of intersection of an optical axis on a reproduced image, and
an image pickup plane to be a center, and moving each point
on the circumference (image height) of radius r(w) other
than the radius R in a substantial direction of radiation, and
moving on a concentric circle such that the radius becomes
r'(w), it can be considered to be advantageous from a point
of amount of data and amount of calculation.

[0431] Incidentally, an optical image ceases to be a con-
tinuous amount at a point of time when an image is picked
up by an electronic image pickup element (due to sampling).
Consequently, the circle of radius R which is drawn exactly
on the optical image ceases to be an accurate circle as long
as pixels on the electronic image pickup element are not
arranged radially.

[0432] In other words, regarding a shape correction of
image data expressed for each discrete coordinate point, a
circle which can fix the magnification does not exist. There-
fore, for each pixel (Xi, Yj), a method of determining
coordinates of a destination of movement (Xi', Yj') may be
used. When two or more points (Xi, Yj) have moved to the
coordinates (Xi', Yj'), an average of values of each pixel is
taken. Moreover, when there is no point which has moved,
interpolation may be performed by using a value of coor-
dinate (X1i', Yj') of some of the surrounding pixels.
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[0433] Such method is effective for correction when the
distortion with respect to the optical axis is remarkable due
to a manufacturing error etc. of the optical system or the
electronic image pickup element, in the electronic image
pickup apparatus having the zoom lens system in particular,
and when the circle of the radius R drawn on the optical
image is asymmetric. Moreover, it is effective for correction
when there occurs to be a geometric distortion at the time of
reproducing a signal to an image in an image pickup element
or various output devices.

[0434] In the electronic image pickup apparatus of the
present invention, for calculating a correction amount r'(w)-
r(w), an arrangement may be made such that a relationship
between r(w), in other words, half image angle and the
image height, or a relationship between a real image height
r and an ideal image height r'/a is recorded in a recording
medium which is built-in in the electronic image pickup
apparatus.

[0435] For an image after the distortion correction, not to
have an extreme shortage of an amount of light at both ends
in a direction of short side, the radius R may satisfy the
following conditional expression.

0.3LS=R=<0.6Ls

[0436] where, Ls is a length of a short side of the
effective image pickup surface.
[0437] It is preferable that the radius R satisfies the
following conditional expression.

0.3Ls=R=<0.6Ls

[0438] Furthermore, it is most advantageous to match the
radius R with a radius of a circle making an internal contact
in a short side direction of a substantially effective image
pickup plane. In a case of correction in which, the magni-
fication is fixed near the radius R=0, in other words, near on
the axis, it is somewhat disadvantageous from an aspect of
substantial number of images, but it is possible to secure an
effect for making the size small even when the angle is
widened.

[0439] A focal length interval which requires a correction
is divided into a number of focal point zones. Moreover, the
correction may be carried out with the amount of correction
as in a case in which, a correction result which satisfies
substantially the following relationship

P(w)=o:ftan

near a telephoto end in the focal point zones which are
divided.

[0440] However, in this case, at a wide angle end in the
focal point zones which are divided, a barrel-shape distor-
tion at the wide angel end of the focal point zones which are
divided is remained to some extent. Moreover, when the
number of divided zones is increased, there arises a need to
hold specific data necessary for correction, additionally in a
recording medium. Therefore it is not preferable to increase
the number of divided zones. Therefore, one or a plurality of
coeflicients associated with each focal length in the focal
point zones which are divided, are calculated in advance.
The coefficients may be determined based on a measurement
by simulation or by actual equipment.

[0441] An amount of correction in a case in which, the
correction result which satisfies substantially the following
relationship

P(w)=o:ftan

near the telephoto end in the focal point zones which are
divided may be calculated, and may let to be a final amount
of correction by multiplying uniformly the coefficient for
each focal length with respect to this amount of correction.
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[0442] Incidentally, when there is no distortion in an
image achieved by imaging (forming an image) of an infinite
object, the following relationship

Sf=y/tan o

holds.

[0443] Here, y denotes a height (image height) of an image
point from the optical axis, f denotes a focal length of an
imaging system (zoom lens system in the present invention),
and o denotes an angle (object half image angle) with
respect to the optical axis in an object point direction
corresponding to image points connecting from a center on
an image pickup plane up to a position of y.

[0444] When there is a barrel-shape distortion in the
imaging system, the relationship becomes

fey/tan o.

[0445] In other words, when the focal length f of the
imaging system, and the image height y are let to be fixed,
a value of ® becomes large.

(Digital Camera)

[0446] The image pickup apparatus according to the pres-
ent invention that forms an image of an object by a zoom
lens and picks up the image by receiving it by an electronic
image pickup element such as a CCD can be applied to an
electronic image pickup apparatus, in particular to a digital
camera or a video camera. In the following, an embodiment
of the electronic image pickup apparatus will be described.
[0447] FIGS. 22 to 24 schematically illustrate a digital
camera equipped with a zoom lens as a taking optical system
141 according to the present invention. FIG. 22 is a front
perspective view showing the outer appearance of the digital
camera 140. FIG. 23 is a rear perspective view of the digital
camera 140. FIG. 24 is a diagram schematically showing the
internal construction of the digital camera 140. FIG. 24
shows a cross section, seen from above, taken on a plane
perpendicular to the vertical direction of the digital camera
140. In FIG. 24, the viewfinder optical system and the cover
glasses provided in front and rear of it are not illustrated. In
the plane of the drawing sheet of FIG. 24, the longitudinal
sides of the effective image pickup area of the CCD 149 are
oriented parallel to the thickness direction of the digital
camera 140.

[0448] The digital camera 140 illustrated in the drawings
has the taking optical system 141 having a taking optical
path 142, a viewfinder optical system 143 having a view-
finder optical path 144, a shutter release button 145, a flash
146, and a liquid crystal display monitor 147. In response to
depression of the shutter release button 145 provided on the
top of the camera 140, shooting through the taking optical
system 141, e.g. the zoom lens having a bent optical path
according to the first embodiment, is effected. Specifically,
an image of an object is formed by the taking optical system
141 on the image pickup surface of the CCD 149 through a
near-infrared cut filter and an optical low pass filter F. The
image of the object picked up by the CCD 149 is processed
by a processing unit 151 and displayed as an electronic
image on the liquid crystal display monitor 147 provided on
the back of the camera. The processing unit 151 is connected
with a storage unit 152, in which picked-up electronic
images can be stored. The storage unit 152 may be provided
separately from the processing unit 151. The storage unit
152 may be an electrically writable medium such as a
flexible disk, memory card, or MO. A C-MOS sensor may be
used in place of the CCD 149.

[0449] A viewfinder objective optical system (not shown)
is provided in the viewfinder optical path 144. An image of



US 2017/0038568 Al

an object formed by the viewfinder objective optical system
is formed in the viewfinder frame (not shown) of a Porro
prism (not shown), which serves as an image erecting
member. An eyepiece optical system (not shown) for deliv-
ering the erected image to the observer’s eye E is provided
in rear of the Porro prism. In addition, cover members 150
are provided at the entrance of the taking optical system 141,
at the entrance of the viewfinder objective optical system,
and at the exit of the eyepiece optical system respectively.
[0450] The taking optical system 141 of the digital camera
140 having the above-described construction is a zoom lens
having a high zoom ratio of approximately 4 (four), high
speed, and high optical performance. Therefore, an inexpen-
sive, high-performance digital camera that is very slim in
depth can be realized.

[0451] The plane parallel plates or the cover members 150
in the digital camera illustrated in FIG. 24 may be elimi-
nated. (Internal Circuit Configuration)

[0452] FIG. 25 is a block diagram of the relevant portion
of the internal circuit of the digital camera 140. In the case
described here, the processing unit described above includes
for instance, a CDS/ADC section 124, a temporary storage
memory 117, and an image processing section 118, and the
storage unit includes a storage medium 119 for example.
[0453] As shown in FIG. 25, the digital camera 140 has an
operating section 112 and a control section 113 connected to
the operating section 112, an image pickup drive circuit 116
connected to a control signal output port of the control
section 113 via a bus 114, the temporary storage memory
117, the image processing section 118, the storage medium
119, a display section 120, and a set-information storage
memory section 121. The temporary storage memory 117,
the image processing section 118, the storage medium 119,
the display section 120, and the set-information storage
memory section 121 are connected to control signal output
ports of the control section 113 via buses 115.

[0454] The temporary storage memory 117, the image
processing section 118, the storage medium section 119, the
display section 120, and the set-information storage memory
section 121 are configured to be capable of mutually input-
ting and outputting data via a bus 122. Moreover, the CCD
149 and the CDS/ADC section 124 are connected to the
image pickup drive circuit 116.

[0455] The operating section 112 is a circuit equipped with
various entry buttons and switches. The operating section
112 notifies the control section of event information entered
from outside (by a user of the camera) through the entry
buttons and switches.

[0456] The control section 113 is, for example, a central
processing unit (CPU) and has a built-in program memory,
which is not shown in the drawings. The control section 113
is a circuit that controls the entire digital camera 140
according to a program stored in the program memory, in
response to instructions and commands entered by the user
of the camera through the operating section 112.

[0457] The CCD 149 receives an image of the object
formed by the taking optical system 141 according to the
present invention. The CCD 149 is an image pickup element
that is driven and controlled by the image pickup drive
circuit 116 to convert the quantity of light of the object
image into an electrical signal on a pixel-by-pixel basis and
output it to the CDS/ADC section 124.

[0458] The CDS/ADC section 124 is a circuit that ampli-
fies the electrical signal input from the CCD 149, performs
analog-to-digital conversion, and outputs to the temporary
storage memory 117 raw image data (or Bayer data, which
will be hereinafter referred to as “RAW data™) that has
undergone only amplification and digital conversion.
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[0459] The temporary storage memory 117 serves as a
buffer and may consist of an SDRAM for example. The
temporary storage memory 117 is a memory device that
temporarily stores the RAW data output from the CDS/ADC
section 124. The image processing section 118 is a circuit
that reads the RAW data stored in the temporary storage
memory 117 or the RAW data stored in the storage medium
section 119 and performs various electrical image process-
ing including distortion correction based on image-quality
parameters specified by the control section 113.

[0460] The storage medium section 119 allows a detach-
able mounting of a recording medium such as, for example,
a card-type or stick-type flash memory. The storage medium
section 119 is a control circuit of the apparatus that records
or writes RAW data transferred from the temporary storage
memory 117 and image data having been processed in the
image processing section 118 in the card-type or stick-type
flash memory to have the data stored in it.

[0461] The display section 120 is equipped with the lig-
uid-crystal display monitor and causes it to display images
and operation menu etc. The set-information storage
memory section 121 includes a ROM section in which
various image-quality parameters are stored in advance and
a RAM section for storing image quality parameters selected
by an entry(ies) made through the operating section 112
from among the image quality parameters read from the
ROM section. The set-information storage memory section
121 is a circuit that controls the input/output to/from the
memories.

[0462] As described above, the digital camera 140 is
equipped with the taking optical system 141 which is
designed according to the present invention to have a
sufficient wide angle focal length range, highspeed, high
zoom ratio, and stable imaging performance throughout the
entire zoom range while being compact. Thus, high perfor-
mance, small size, and wide angle of view can be achieved.

[0463] As described in the foregoing, the image pickup
apparatus equipped with a zoom lens with a bent optical path
according to the present invention is advantageous when a
sufficiently wide angle of view, sufficiently high zoom ratio,
sufficiently high speed, and satisfactory optical performance
are all to be achieved.

[0464] The image pickup apparatus according to the first
aspect of the present invention is equipped with a negative-
lead zoom lens with a bent optical path, which is advanta-
geous for achieving a wide angle of view and slimming of
the image pickup apparatus. Thus, there can be provided an
image pickup apparatus that can advantageously be designed
to have satisfactory optical performance even with high
speed and high zoom ratio.

[0465] The image pickup apparatus according to the sec-
ond and fourth aspects of the present invention is equipped
with a negative-lead zoom lens with a bent optical path,
which is advantageous for achieving a wide angle of view
and slimming of the image pickup apparatus. Thus, there can
be provided an image pickup apparatus that can advanta-
geously be designed to have satisfactory optical perfor-
mance and small size even with high speed and high zoom
ratio.

[0466] The image pickup apparatus equipped with a zoom
lens with a bent optical path according to the third aspect of
the present invention is advantageous when a sufficiently
wide angle of view at the wide angle end, small size, and low
cost are all to be achieved.



US 2017/0038568 Al

What is claimed is:

1. An image pickup apparatus equipped with a zoom lens
with a bent optical path comprising:

a zoom lens including a reflecting member having a
reflecting surface that bends the optical path; and

an image pickup element disposed on the image side of
the zoom lens and having an image pickup surface that
receives an image formed by the zoom lens and con-
verts it to an electrical signal,

wherein the zoom lens comprises, in order from the object
side to the image side, a first lens unit including the
reflecting member and having a negative refractive
power, a second lens unit having a positive refractive
power, a third lens unit having a negative refractive
power, and a fourth lens unit having a positive refrac-
tive power,

during zooming from the wide angle end to the telephoto
end, the second lens unit moves closer to the first lens
unit only toward the object side, the distance between
the second lens unit and the third lens unit changes, and
the distance between the third lens unit and the fourth
lens unit changes,

the first lens unit comprises, in order from the object side
to the image side along the optical axis, a negative
single lens having a negative refractive power, the
reflecting member, and a positive single lens having a
positive refractive power and having a meniscus shape
with a convex surface facing the object side,

the total number of non-cemented lenses in the first lens
unit is two, and

the reflecting member is a reflecting prism having a flat
entrance surface and a flat exit surface, and the zoom
lens satisfies the following conditional expression (10):

1.2<F,,, <24 (10),
where F,_  is the least F-number of the zoom lens at the

wide gilvgvgle end.
2. The image pickup apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
zoom lens is essentially a four-units zoom lens.

3. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
third lens unit moves only toward the object side during
zooming from the wide angle end to the telephoto end.

4. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
third lens unit and the fourth lens unit satisfy the following
conditional expression (2):

—5<f/f=-1 2),

where f; is the focal length of the third lens unit, and £, is
the focal length of the fourth lens unit.

5. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
following conditional expressions (3) and (4) are satisfied:

=0.2<D, yawlfs<=0.01 (3), and

=0.6<Daapalf3<-0.1 @),

where D55, 1s the smallest value of the distance on the
optical axis between the second lens unit and the third
lens unit, D,3,,,+ 1s the largest value of the distance on
the optical axis between the second lens unit and the
third lens unit, and f; is the focal length of the third lens
unit.
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6. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
following conditional expression (5) is satisfied:

0'1<D23MIN’/D23W<0'9 (5)5

where D, 3, is the smallest value of the distance on the
optical axis between the second lens unit and the third
lens unit, and D,; - is the distance on the optical axis
between the second lens unit and the third lens unit at
the wide angle end.
7. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
following conditional expression (6) is satisfied:

1.1<D53 7/D3pgn<6 (6),

where D, ;- is the distance on the optical axis between the
second lens unit and the third lens unit at the telephoto
end, and D, 5, is the smallest value of the distance on
the optical axis between the second lens unit and the
third lens unit.

8. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
fourth lens unit moves to be located closer to the image side
at the telephoto end than at the wide angle end.

9. The image pick up apparatus equipped with a zoom lens
with a bent optical path according to claim 1, wherein the
position of the first lens unit is fixed relative to the image
pickup surface.

10. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the first lens unit has curved lens surfaces each having a
refractive power located respectively on the object side and
on the image side of the reflecting surface, a portion of the
first lens unit that is located on the object side of the
reflecting surface of the reflecting member has a negative
refractive power, a portion of the first lens unit that is located
on image side of the reflecting surface of the reflecting
member has a positive refractive power, and the first lens
unit satisfies the following conditional expressions (7) and
(8):

—0.5< 1/ g<-0.06 (7), and

-3<Dypp/f1<-0.5 ®),

where f| - is the combined focal length of the portion of
the first lens unit that is located on the object side of the
reflecting surface, f); is the combined focal length of
the portion of the first lens unit that is located on the
image side of the reflecting surface, D, o is the physi-
cal distance along the optical axis from the lens surface
closest to the reflecting surface among the lens surfaces
that are located on the object side of the reflecting
surfaces to the lens surface closest to the reflecting
surface among the lens surfaces that are located on the
image side of the reflecting surfaces, and {| is the focal
length of the first lens unit.

11. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the second lens unit comprises, in order from the object side,
a first positive lens, a second positive lens, a first negative
lens, a second negative lens, and a third positive lens, and
total number of the lenses in the second lens unit is 5.

12. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the first lens unit comprises, in order from the object side to
the image side, a biconcave lens component, a prism having
the reflecting surface, and a positive meniscus lens compo-
nent having a convex surface facing the object side, and total
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number of the lens components in the first lens unit is 2, and
the following conditional expressions (11) and (12) are
satisfied:

0.8<f,/IH<1.4 (11), and

0.75<IH,,/IH<0.95 (12),

where f,, is the focal length of the zoom lens at the wide
angle end, IH, is the largest image height at the tele-
photo end or half the diagonal length of the effective
image pickup area of the image pickup element at the
telephoto end, IH,, is the largest image height at the
wide angle end or half the diagonal length of the
effective image pickup area of the image pickup ele-
ment at the wide angle end, where the term “lens
component” refers to a lens member whose refractive
surfaces that are in contact with air on the optical axis
include only two surfaces or an object side surface and
an image side surface.

13. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the second lens unit, the third lens unit, and the fourth lens
unit satisfy the following conditional expressions (13), (14),
and (15):

L7<P,7/Pop=<6.0 (13),
1.20<P3/P3p<4.0 (14), and
1.04<B 47/ Pap<2.0 (15),

where

[,z 1s the lateral magnification of the second lens unit at
the telephoto end in a state in which the zoom lens is
focused on an object point at infinity,

[, 5-1s the lateral magnification of the second lens unit at
the wide angle end in a state in which the zoom lens is
focused on an object point at infinity,

[571s the lateral magnification of the third lens unit at the
telephoto end in a state in which the zoom lens is
focused on an object point at infinity,

[55-1s the lateral magnification of the third lens unit at the
wide angle end in a state in which the zoom lens is
focused on an object point at infinity,

Pz 1s the lateral magnification of the fourth lens unit at
the telephoto end in a state in which the zoom lens is
focused on an object point at infinity, and

B4y 1s the lateral magnification of the fourth lens unit at
the wide angle end in a state in which the zoom lens is
focused on an object point at infinity.

14. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the second lens unit comprises, in order from the object side
to the image side, the object side positive lens component,
the cemented lens component, and the image side positive
lens component, and total number of the lens components in
the second lens unit is 3.

15. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 14, wherein
the following conditional expressions (A2) and (A3) are
satisfied:

0.1/ focI<1 (A2), and

0.2<5/6c1<5 (A3),

where f, . is the focal length of the cemented lens com-
ponent in the second lens unit.

16. The image pick up apparatus equipped with a zoom

lens with a bent optical path according to claim 1, wherein
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the positive single lens in the first lens unit satisfies the
following conditional expression (B1):

-8<(RppH+R pr)/ (R prR  pr)<-1 (BD),

where R, is the paraxial radius of curvature of the
object side surface of the positive single lens in the first
lens unit, and R, o is the paraxial radius of curvature of
the image side surface of the positive single lens in the
first lens unit.

17. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the negative single lens and the positive single lens in the
first lens unit satisfy the following conditional expression
(B2):

20<vd, x—vd, <40 (B2),

where vd, ,; is the Abbe constant with respect to the d-line
of the negative single lens in the first lens unit, and vd, ,
is the Abbe constant with respect to the d-line of the
positive single lens in the first lens unit.

18. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the negative single lens in the first lens unit has a biconcave
shape that satisfies the following conditional expression
(B3):

0A4<R ingt+R 1R (R ine—R1ivp)<1 (B3),

where R, is the paraxial radius of curvature of the
object side surface of the negative single lens in the first
lens unit, and R, 55 is the paraxial radius of curvature of
the image side surface of the negative single lens in the
first lens unit.

19. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 14, wherein
the following conditional expression (Al) is satisfied:

0.1<f>5/f5<0.61 (A1),

where 1, is the focal length of the object side positive
lens component in the second lens unit, and f,, is the
focal length of the image side positive lens component
in the second lens unit.

20. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the following conditional expressions (11) and (12) are
satisfied:

0.8, /IH<1.4 (11), and

0.75<1IH, /IH,<0.95 (12),

where f,, is the focal length of the zoom lens at the wide
angle end, IH, is the largest image height at the tele-
photo end or half the diagonal length of the effective
image pickup area of the image pickup element at the
telephoto end, and IH,, is the largest image height at the
wide angle end or half the diagonal length of the
effective image pickup area of the image pickup ele-
ment at the wide angle end.
21. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 1, wherein
the following conditional expression (C2) is satisfied:

0.3<f,#//1<0.9 (€2),

where f, - is the combined focal length of a portion of the
first lens unit that is located on the object side of the
reflecting surface, and f; is the focal length of the first
lens unit.
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22. The image pick up apparatus equipped with a zoom
lens with a bent optical path according to claim 12, wherein
the following conditional expression (C3) is satisfied:

04<(R lNCFd'RlNCR)/(RlNCF_R 1NCR)<1 (C3)>

where R,y is the paraxial radius of curvature of the
object side surface of the biconcave lens component in
the first lens unit, and R, % is the paraxial radius of
curvature of the image side surface of the biconcave
lens component in the first lens unit.

#* #* #* #* #*



