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(57) Abstract: An image capturing apparatus includes a zoom lens, a solid-state image sensor which photoelectrically converts
an image formed by the zoom lens, a processing unit which processes image data obtained by the solid-state image sensor, and a
correction units which processes the image data from the processing unit to correct distortion aberration of the image formed by the
zoom lens, and outputs the corrected image data. The lens arrangement of the zoom lens, and the length of the diagonal line of the
image capturing area in correcting distortion aberration are appropriately set.
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DESCRIPTION

ZOOM LENS AND IMAGE CAPTURING APPARATUS HAVING THE SAME

TECHNICAL FIELD

[0001] The presént invention relates to a zoom
lens suitable for a still camera, video camera, digital
still camera, surveillance camera, and the like, and an
image capturing apparatus having the zoom lens.
BACKGROUND ART

[0002] Recently, image capturing apparatuses
(cameras)_such as a video camera and digital still
camera using solid-state image sensors require a
compact, wide-angle zoom lens.

[0003] As a compact, wide-angle zoom lens, there
is known a negative lead type zoom lens which has a
lens unit of negative refractive power on .the most
object side and is formed from a plurality of lens
units as a whole.

[0004] A known example of the negative lead type
;oom lens is a 2-unit zoom lens which includes,
sequentially from the object side to the image side, a
first lens unit L1 of negative refractive power and a
second lens unit L2 of positive refractive power, and
performs zooming by moving the respective lens units
(Japanese Patent Laid-Open No. 05—249374).

[0005] Another example is a 3-unit zoom lens which

includes, sequentially from the object side to the
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image side, a first lens unit of negative refractive
power, a second lens unit of positive refractive power, .
and a third lens unit of pdsitive refractive power,
performs zooming by moving the respective lens units,
and has good telecentricity on the image side (Japanese
Patent Laid-Open Nos. 2001-66503 and 2001-281545).
[0006] Japanese Patent Laid-Open Nos. 2001-66503
and 2001-281545 each disclose a compact zoom lens
having a first lens unit made up of negative and
positive lenses.

[0007] Generally iﬁ the negative lead type zoom
iens, a larger angle of view increases negative
distortion aberration on the wide-angle end. Opticglly
correcting the negative distortion aberration requires
many lenses, and it is very difficult to sufficiently
correct such aberration.

[0008] For this reason, there has conventionally
been known a zoom lens which corrects negative
distortion aberration not optically but electrically
(Japanese Patent Laid-Open Nos. 2006-47537, 2006-284790,
2006-330675, and 2-252375).

[0009] A known example of the zoom lens which
electrically corrects negative distortion aberration is
one which makes correction only in the zoom range where
negative distortion aberration becomes large (Japanese
Patent Laid-Open No. 6-181530).

[0010] The negative lead type zoom lens in which a
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lens unit of negative refractive power precedes has a
feature capable of easily achieving downsizing and a
wide angle of view.

[0011] However, the entire zoom lensbis asymmetric,
so distortion aberration readily occurs on thé wide-

angle end.

[0012] The negative distortion aberration becomes
large as the angle of view of the zooh lens_incréases.
[0013] - Various methods of elecfrically correcting
negative distortion aberration have been proposed.
However, even by the method of simply making electrical
correction of distortion aberration, it is difficult to
sufficiently correct distortion aberration on the
entire plane and maintain high optical performance
while decreasing the front lens diameter and downsizing
the zoom lens. |

[0014] When electrically correcting distortion
aberration, consideration should be made regarding the
generation state (generation amount) of distortion
aberration in eaéh zoom range of the zoom lens, the
lens arrangement, and the like; otherwise, it is very
difficult to satisfactorily correct distortion
aberration in all zoom ranges and obtain high optical
performance (high-quality image) while decreasing the

front lens diameter and downsizing the zoom lens.

DISCLOSURE OF INVENTION
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[0015] It is an object of the present invention to
provige a zoom lens capable of decreasing the front
lens diameter, downsizing the entire system, making
sufficient electricalvcorrection of distortion
aberration, and obtaining high optical performance, and
an image capturing apparatus having the zoom lens.
[0016] According to the present invention, there
is provided an image capturing apparatus comprising:

a zoom lens;

a solid-state image sensor which
photoelectrically converts an image formed by the zoom
lens;

processing means for processing image data
obtained by the solid-state image sensor; and

"correction means for processing the image déta
from thé processing means to.correct distortion
aberration of the image formed by the zoom lens, and
outputting the corrected image data,

wherein the zoom lens has, sequentially from an
object side to an image side, a first lens unit of
negative refractive power and a second lens unit of
positive refractive power,

the lens units move to narrow an interval between
the first lens unit and the second lens unit in zooming
from the wide-angle end to the telephoto end,

the first lens unit includes one negative lens

and one positive lens,
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the correction means corrects distortion
aberration in accordance with each zoom position of the
zoom lens,

when the correction means is to correct negative
distortion aberration, the correction means performs
correction using image information obtained from area A
smaller than a maximum ‘image capturing area of the
solid-state image sensor, and a size of a diagonal line
of area A at this time is defined as a length of a
diagonal line of an image capturing area, and when the
correction means does not correct negative distortion
aberration, a size,of a diagonal line of the maximum
image capturing area of the solid-state image sensor is
defined as a length of a diagonal line of an image
capturing aréa, and

letting Ldw and Ldt be lengths of diagonal lines
of image capturing areas on the wide-angle end and the
telephoto end, fl be a focal length of the first lens
unit.of the zoém lens, f2 be a focal length of the
second lens unit, fw be a focal length of an entire

system on the wide-angle end, R1l1l and R12 be radii of

. curvature of an object-side lens surface and image-side

lens surface of the negative lens of the first lens
unit (for an aspherical surface, radii of curvature of
reference spherical surfaces), and D be an outer
diameter of a most object-side lens of the first lens

unit, conditions:
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1.7 < f1/fw < 2.4

1.6 < f2/fw < 2.5

0.80 < Ldw/Ldt < 0.96

2.0 < (R11 x R12)/(D x Ldw) < 20.0

are satisfied.

[0017] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0018] Fig. 1 is a block diagram showing the basic
arrangement of an image capturing apparatus according

to the present invention;

[0019] Fig. 2 is a view showing the concept of
distortion aberration correction according to the
present invention;

[0020] Fig. 3 is a sectional view (optical
sectional view of the first numerical embodiment)
showing the basic arrangement of an imaging lens
according to the present invention;

[0021] Fig. 4 is a view of aberrations on the
wide-angle end according to the first embodiment;
[0022] Fig. 5 is a view of aberrations at an

intermediate position according to the first numerical

embodiment;

[0023] Fig. 6 is a view of aberrations on the
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telephoto end according to the first numerical
embodiment;

[0024] Fig. 7 is an optical sectional view of the
second numerical embodiment;

[0025] Fig. 8 is a view of aberrations on the
wide-angle end according to the second numerical
émbodiment;

[0026] Fig. 9 is a view of aberrations at an
intermediate position according to the second numerical
embodiment;

[0027] Fig. 10 is a view of aberrations on the
telephoto end according to the second numerical
embodiment;

[0028] Fig. 11 is an optical sectional view of the
third numerical embodiment;

[0029] Fig. 12 is a view of aberrations on the
wide-angle end according to thé third numerical
embodiment;

[0030] Fig. 13 is a view of aberrations at an
intermediate position according to the third numerical
embodiment;

[0031] Fig. 14 is a view of aberrations on the
telephoto end according to the third numerical
embodiment;

[0032] Fig. 15 is an optical sectional view of the
fourth numerical embodiment;

[0033] Fig. 16 is a view of aberrations on the
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wide-angle end according to the fourth numerical
embodiment;

[0034] Fig. 17 is a view of aberrations at an
intermediate position according to the fourth numerical
embodiment;

[0035] Fig. 18 is a view of aberrations on the
telephoto end according to the fourth numerical
embodiment;

[0036] Fig. 19 is an optical sectional view of the
fifth numerical embodiment;

[0037] Fig. 20 is a view of aberrations on the
wide—angle end according to the fifth numerical
embodiment;

[0038] Fig. 21 is a view of aberrations at an
intermediate pqsition according to the fifth numerical
embodiment;

[0039] Fig. 22 'is a v%ew of aberrations on the
telephoto end according to the fifth numerical
embodiment; and |

[0040] Fig. 23 is a perspective view showing a
digital still camera using the zoom lens according to
one of the first to fifth embodiments as a

photographing optical system.

BEST MODE FOR CARRYING OUT THE INVENTION
[0041] Preferred embodiments of an image capturing

apparatus according to the present invention will be
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described.

[0042] The image capturing apparatus according to
the present invention comprises a zoom lens and a
solid-state image sensor which photoelectrically
converts an image formed by the zoom lens.

[0043] The image capturing apparatus further
comprises a processing means for processing image data
obtained by the solid-state image sensor, and a
correction means for processing image data from the
processing means to correét distortion aberration of an
image formed by the zoom lens, and outputting the
corrected image data.

[0044] [First Embodiment]

Fig. 1 is a block diagram showing the arrangement
of the main part of an image capturing apparatus
according to the present invention.

[0045] In Fig. 1, an imaging lens (zoom lens) 11
has a zooming function. A solid-state image sensor 12
photoelectrically converts an image formed by the
imaging lens 11.

[0046] A signal processing circuit 13 generates a
digital signal of image information. A memory 14
stores a digital signal.

[0047] A signal processing circuit 15 processes
image data. A compression circuit 16 and memory medium
17 are also arranged. A distortion aberration

correction circuit (distortion correction circuit or
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correction means) 18 corrects distortion aberration of
image data.

[0048] The signal processing circuit 13, memory 14,
and signal pfocessing circuit 15 build one element of
the processing means for processing image data. An
object image formed by the imaging lens 11 is formed on
the image sensing plane of the solid-state image sensor
12. The solid-state image sensor 12 photoelectrically
converts the object image, converts image information

of the object image into an electrical signal, and

transfers the electrical signal to the signal

processing circuit 13.

[0049] The signal processing circuit 13 performs
noise removal, amplification, and the like for the
electrical signal, and then converts the electrical
signal into a digital signal. The memory 14
temporarily stores the digital signal. The signal
processing circuit 15 performs necessary digital signal
processing for the digital signal from. the memory 14,
generating image data. |
[0050] When the distortion aberration correction
circuit 18 does not .correct distortion aberration for
image information, the signal processing circuit 15
sends the image data to the compression circuit 16.
[0051] - The compression circuit 16 performs data
compression corresponding to a predetermined format of

image data. The compressed data is stored in the
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memory medium 17 such as a flash memory.

[0052] The zoom position of the imaging lens 11 is
managed based on information (zoom position
information) obtained from a zoom position detection

means (not shown).

[0053] When correcting distortion aberration for
image informatidn by the distortion aberration
correction circuit 18 on the basis of a signal input
from an external device, the signal processing circuit
15 iﬁputs the image data to the distortion aberration
correction circuit 18.

[0054] For example, for a zoom position suffering
a large distortion aberration among all the zoom ranges
of the imaging lens 11, the signal processing circuit
15 sends image data to the distortion aberration
correction circuit 18.

[0055] The distortion aberration correction
circuit 18 corrects distortion aberration by processing
the image data generated by the signal processing
circuit 15.

[0056] The data corrected by the distortion.
aberration correction circuit 18‘is sent back to the
signal processing circuit 15, and then transferred to
the compression circuit 16. Thé distortion aberration
correction circuit 18 may also be incorporated in the
signal processing circuit 15.

[0057] If the amount of distortion aberration of
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the imaging lens 11 is allowable, the distortion
aberration need not always be corrected. Distortion

aberration may also be corrected only at a zoom

position where distortion aberration of the imaging

lens 11 exceeds the .allowance.

[0058] A distortion aberration correction method
by the distortion aberration correction circuit 18 can

be a known method, such as methods disclosed in

- Japanese Patent Laid-Open Nos. 2006-47537, 2006-284790,

2006-330675, 2-252375, and 6-181530.
[0059] é Fig. 2 is a conceptual view of the
distortion aberration correction circuit 18 in Fig. 1
correcting distortion aberration.
[0060] In Fig. 2, reference numeral 21 denotes a
maximum image capturing area on the image sensing plane
of the solid-state image sensor 12. L represents the
length of the diagonal line of the maximum image
capturing area 21.
[0061] When the imaging lens 11 is free from
distortion aberration, an ideal imaging relation shown
below is established:

L/2 = £ x tan®,

where f is the focal length of the imaging lens

11, and © is the half angle of view.

[0062] When the imaging lens 11 suffers distortion

aberration, this relation cannot be established. If
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the imaging lens 11 has barrel distortion aberration,
i.e., negative distortion aberration,

L/2 > £ x tan®

At this time, an off-axis imaging point on the
image sensing piane deviates toward the center of the
plane from an ideal imaging point free from any
distortion (distortion aberration). When the image
height is large and a large amount of negative
distortion aberration occurs, the deviation amount
increases_toward the center of the plane as the imaging
point comes close to the periphery of the plane.
[0063] In Fig. 2, reference numeral 22 denotes an
image capturing area (area A) having a barrel-like
contour smaller than the maximum image capturing area
21 of the solid-state image sensor 12.
[0064] A length Ld of the diagonal line of the
image capturing area 22 corresponds to the half angle ©
of view. Thus, by expanding image information of the
image capturing area 22 to the size of the image
capturing area 21, image information at the half angle
® of view can be generated with an original (ideal)
image capturing size (image capturing area).
[0065] In Fig. 2, the diagonal corners of the
image capturing areas 21 and 22 will be explaine&.
Along the diagonal line (half angle 06 of view), the
image point exists not at an ideal imaging point 24 but

at an imaging point 23 owing to distortion aberration
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of the imaging lens 11. To solve this, when expansion
is radially done to make the imaging point 23 coincide
with the imaging point 24, i.e., distortion aberration
is electrically corrected,

L/2 = £ x tan®
can be established to correct distortion aberration.
[0066] This conversion (correction) is executed at
each point on the contour of the image capturing area
22, correcting distortion aberration of the contour..
[0067] Even for points inside the contour,
geometrical transform is radially executed based on a
distortion aberration amount corresponding to the image
height of the imaging lens 11, correcting distortion
aberration at each image height.
[0068] Conversion from the image capturing area 22
to the image capturing area 21 inéreases the number of
pixels. Thus, necessary interpolation processing is
done after geometrical transform to generate image data.
This processing is performed at each zoom position or a
necessary zoom range.
[0069] Although this correction completely cancels
distortion aberration according to a known method, it
is also possible not to completely correct distortion
aberration, making the correction slightly incomplete.
[0070] It is known thaf barrel (negative)
distortion aberration gives less visual unnaturalness

than pin-cushion (positive) distortion aberration as
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long as the amount of barrel distortion aberration is
small.
[0071] To prevent pin-cushion distortion
aberration (from?) including variations of the imaging
lens 11, the correction. amount is decreased to leave
barrel distortion aberration to a certain degree.
[0072] When the distortion aberration correction
amount is decreased, the relation:

L/2 > £ x tanb
does not change, but correction is executed to reduce
the difference between the left- and right-hand sides.
[0073] Features of the image capturing apparatus
havihg the imaging lens (zoom lens) 11 in the first
embodiment will be explained. |
[0074] The zoom lens 11 in the first embodiment
has, sequentially from the object side to the image
side, the first lens unit of negative refractive power
and the second lens unit of negative refractive poWer.
One or more lens units may also be arranged on the
image side of the second lens unit.
[0075] The respective lens units move to narrow
the interval between the first and second lens units in
zooming from the wide—éngle end to the telephoto end.
The first lens unit includes one negative lens and one
positive lens.
[0076] The correction means (distortion aberration

correction circuit) 18 corrects distortion aberration
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in accordance with each zoom position of the zoom lens

11.
[0077] When correcting négative distortion

aberration by the correction means 18, the correction

means 18 performs correction using image information

obtained from area A (imagé capturing area 22) smaller
thaﬁ the maximum image capturing area 21 of the solid-
state image sensor. The diagonal size ofiarea A at
this time is defined as the length Ld of the diagonal
line of the image capturing area.

[0078] When not correcting negative distortion
aberration, the diagonal size of the maximum image
capturing area of the solid-state image sensor 12 is
defined as the length L of the diagonal line of the
image capturing area.

[0079] Let Ldw and Ldt be the lengths of the
diagonal lines of image capturing areas on the wide-
angle end and telephoto end. Let fl be the focal
length of the first lens unit of the zoom lens 11, f£2
be the focal length of the second lens unit, and fw be
the focal length of the entire system on the wide-angle
end.

[0080] Let R1l1 and R12 be the radii of the
curvatures of the object-side and image-side lens
surfaces of the negative lens of the first lens unit
(for an aspherical surface, the radii of curvature of

reference spherical surfaces). Let D be the outer
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diameter of the most object-side lens of the first lens

unit.
[0081] At this time, following coqditions'are
satisfied:
1.7 < f1/fw < 2.4 ‘ ... (1)
1.6 < f2/fw < 2.5 ... (2)
0.80 < Ldw/Ldt < 0.96 .. (3)
2.0 < (R11 x R12)/(D x Ldw) < 20.0 . (4)
[0082] Conditional expression (1) defines the

focal length, i.e., refractive power of the first lens
unit. If the focal length is much smaller than the
lower limit of conditional expression (1), the
refractive power becomes too high. As a result, the
curvature of field on the wide-angle end, and spherical
aberration and coma on the telephoto end frequently
occur. it becomes difficult to form the first lens
unit from two lenses.

[0083] If the number of building lenses is’
increased to correct aberration, the size of the first
lens unit undesirably increases. If the focal length
is much larger than the upper limit, the refractive
power becomes too low. The refractive power of a
retrofocus arrangement weakens, and an outer diameter
(effective diameter) D of the negative lens increases.
Further, it becomes difficult to ensure on the image

side a back focal length for inserting a filter or the
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like.

[0084] Conditional expression (2) defines the
focal length, i.e., refractive power of the second lens
unit. If the focal length is much smaller than the
lower limit of conditional expression k2) and the
refractive power is high, the Petzval sum becomes large,
and the curvature of field is not sufficiently
corrected. If the focal length is ﬁuch larger than the
upper limit and the refractive power is low, the moving
stroke of ea;h lens unit for obtaining a desired zoom
ratio increases. The total length (length from the
first lens surface to the image plane) undesirably
increases on the telephoto end.

[0085] Conditional expression (3) defines the
ratio of the length of the diagonal line of the image
capturing area on the wide-angle end to that on the
telephoto end. If the length of the diagonal line of
the image capturing area on the wide-angle end is much
smaller than the lower limit of conditional expression
(3), the expansion amount in correcting distortion
aberration becomes too large, degrading the image
quality upon pixel interpolation. If the length of the
diagonal line of the image capturing area on the wide-
angle end is much larger than the upper limit, the
expansion amount in correcting distortion aberration

becomes too small. This makes it difficult to decrease

the outer diameter D of the lens.
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[0086] Conditional expression (4) defines the
radius of curvature of each lens surface of the
negative lens which forms the first lens unit. If the
radius of curvature is much smaller than the lower
limit of conditional expression (4), distortion
aberration comes close to a shape concentric with an
off-axis beam and becomes too small on the wide-angle
end. |

[0087] Hence, the expansion amount in correcting
distortion aberration cannot be ensured, and it becomes
difficult to decrease the outer diameter D of the lens.
If the radius'of curvature is much larger than the
upper limit, an excessively large distortion aberration

occurs, degrading the image quality upon correcting

‘distortion aberration. Also, astigmatism frequently

occurs on the wide-angle end.
[0088] The numerical ranges of conditional

expressions (1) to (4) are more preferably set as

follows:
1.80 < f1/fw < 2.38 ... (1la)
1.70 < £f2/fw < 2.40 ... (2a)
0.85 < Ldw/Ldt < 0.96 ... (3a)
2.2 < (R11 x R12)/(D x Ldw) < 19.0 ... (4a)

Each embodiment can provide a negative lead type
zoom lens with a high zoom ratio and small front lens
diameter for which aberrations are satisfactorily

corrected in the entire zoom range.



WO 2009/044664 PCT/JP2008/067374

10

15

20

25

[0089] A zoom lens used in the image capturing
apparatus of the present invention more preferably
satisfies at least one of the following conditions.
[0090] Accordingly, effects corresponding to the
respective conditional expressions can be obtained.
[0091] Let R21 and R22 be the radii of curvature
of the object-side and image-side lens surfaces of the
positive lens of the first lens unit (for an aspherical

surface, the radii of curvature of reference spherical

surfaces).

[0092] Let N1ln be the réfractive index of the

material of the negative lens of the first lens unit.
[0093] Let R21 be the radius of curvature of the
object-side lens surface of the positive lens of the

first lens unit.

[0094] Let dl be the thickness (distance from the
first lens surface of the first lens unit to the final
lens surface of the first lens unit) of the first lens
unit on the optical axis.

[0095] Let DIw be distortion aberration of the
most off-axis beam (maximum image height) on the wide-
angle end of the zoom lens.

[0096] When the zoom lens has one or more lens
units of positive refractive power on the image side of
the second lens unit, let fk be the focal length of the
most image-side lens unit of positive refractive power.

[0097] At this time, at least one of conditions:
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1.2 < (R21 x R22)/(D x Ldw) < 3.0 ... (5)
1.83 < Nln ... (6)
-5.0 < (R12 + R21)/(R12 - R21) < =-3.0 .. (T
0.5 < dl/fw < 1.3 ... (8)
0 < (1/(Ldw/Ldt) - 1) x 100 < |DIw]| ... (9)
4.0 < fk/fw < 8.0 ... (10)

is preferably satisfied. ‘

v[0098] Conditional expression (5) defines the

radius of curvature of each lens surface of the
positive lens which forms the first lens unit. If the
fadius of curvature is much smaller than the lower
limit of conditional expression (5), spherical
aberration frequently occurs on the telephoto end. In
addition, spherical aberration is not sufficiently
corrected for the first lens unit as a whole.

[0099] If the radius of curvature is much larger
than the upper limit, chromatic aberration of
magnification is excessively corrected on the wide-
angle end. ~

[0100] Conditional expression (6) defines the
refractive index of the material of the negative lens
of thevfirst lens unit. If the refractive index is
much lower than the lower limit of conditional
expression (6), the Petzval sum becomes excessively
large in the negative direction when the negative lens
has a desired refractive power. As a result, the

curvature of field is excessively corrected.
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[0101] Conditional expression (7) defines the form
factor of an air lens formed from the negagive and
?ositive lenses of the first lens unit. If the form
factor is smaller than -1 in conditional expression (7},
this means a meniscus shape whose convex surface faces‘
the object side.

[0102] If the degree of meniscus exceeds the lower
limit and becomes too high, many high-order components
of spherical aberration and coma are generated on the
telephoto end. If the degree of meniscus exceeds the
upper limit and becomes too low, a large amount of
astigmatism is generated on the wide-angle end.

[0103] Conditional expression (8) defines the
thickness of the first lens unit on the optical axis.
If the thickness is much smaller than the lower limit
of conditional expression (8), the thicknesses of the
negative and positive lenses become small, and their
refractive powers become excessively low.

[0104] If the refractive powers of the respective
lenses become excessively low, chrometic aberration of
the first lens unit is not satisfactorily corrected.

If the thickness is much larger than the upper limit,
the outer diameter D of the negative lens increases.
This makes it diffieult to downsize the entire first
lens unit. |

[0105] Conditional expression (9) defines the

correction amount when correcting distortion aberration.
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- (Ldw/Ldt) represents the ratio of the length of the
diagonal line of the image capturing area on the wide-
angle end to that on the telephoto end. A reciprocal
1/(de/Ld£) represents the ratio when expanding the
length of the diagonal line of the image capturing area
on the wide-angle end to that on the telephoto end.
[0106] (1/(Ldw/Ldt) - 1) x 100 represents, inl
percentage, the ratio of the expansion amount to the
length of the diagonal line of the image capturing area
on the wide-angle end. On the premise that distortion
aberration is corrected, the expansion amount takes a
value larger than 0. Assuming that the expansion
amount exceeds distortion aberration on the wide-angle
end corresponding to thé upper limit of conditional
expression (9), corrected distortion aberration becomes
pin-cushion distortion aberration. ' When pin-cushion
distortion aberration on the wide-angle end is not
visually preferable, the correction is regarded
excessive. To prevent generation of pin-cushion
distortion aberration after correcting distortion
aberration, conditional expression (9) is preferably
satisfied.

[0107] | Conditional expreséion {10) defines the
focal length, i.e., refractive power of a lens unit of
positive refractive power arranged on the most image
side when the zoom lens according to the present

invention is formed from three or more lens units. If
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the focal length is much smaller than the lower limit
of conditional expression (10) and the refractive power
is high, the Petzval sum becomes excessively large, and
the curvature of field is not sufficiently correéted.
[0108] If the focal length is much larger than the
upper.limit and the refractive power is low, the effect
of moving the exit pupil of the final lens unit serving
as a field lens apart from the image plane undesirably
weakens. When the final lens unit performs focusing,
the extension amount for focusiﬁg on a nearby object
increases. This makes it difficult to downsize the
zoom lens including the lens barrel.

[0109] The numerical ranges of conditional

expressions (5) to (9) are more preferably set as

follows:
1.25 < (R21 x R22)/(D x Ldw) < 2.90 ... (5a)
1.84 < Nln ... (6a)
-4.80 < (R12 + R21)/(R12 - R21) < -3.2 ... (7a)
0.6 < dl/fw < 1.2 ... (8a)
2.0 < (1/(Ldw/Ldt) - 1) = 100 < |DIw]| ... (9a)
4.05 < fk/fw < 7.00 ... (10a)

Embodiments of an imaging lens (zoom lens) used
in the image capturing apparatus of the present
invention will be described.

[0110] Fig. 3 is a sectional view (lens sectional
view) of the main part of a zoom lens on the wide-angle

end in the first embodiment of the present invention.
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Figs. 4 to 6 are views of aberrations of the zoom lens
on the wide-angle end (short focal length side), the
intermediate focal length (intermediate zoom position),
and the telephoto end (long focal length side) in the
first embodiment, respectively.

[0111] Fig. 7 is a sectional view of the main part
of a zoom.lens on the wide-angle end in the second
embodiment. Figs. 8 to 10 are views of aberrations of
the zoom lens on the wide-angle end, intermediate focal
length, and telephoto end in the second embodiment,
respectively.

[0112] Fig. 11 is a sectional view of the main
part of a zoom lens on the wide-angle end in the third
embodiment. Figs. 12 to 14 are views of aberrations of
the zoom lens on the wide-angle end, intermediate focal
length, and telephotd end in the third embodiment,
respectively.

[0113] Fig. 15 is a sectional view of the main
part of a zoom lens on the wide-angle end in the fourth
embodiment. Figs. 16 to 18 are views of aberrations of
the zoom lens on the wide-angle end, intermediate focal
length, and télephoto end in the fourth embodiment,
respectively. |
[0114] Fig. 19 is a sectidnal view of the main
part of a zoom lens on the wide-angle end in the fifth
embodiment. Figs. 20 to 22 are views of aberrations of

the zoom lens on the wide-angle end, intermediate focal
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length, and telephoto end in the fifth embodiment,
respectively.

[0115] An embodiment of a digital still camera
using the zoom lens described in one of the first to
fifth embodiments as a photographing optical system
will be described with reference to Fig. 23.

[0116] In Fig. 23, reference numeral 100 denotes a
camera body; and 101, a photographing optical system
formed from a zoom lens described in one of the first
to fifth embodiments. A solid-state image sensor
(photoelectric conversion element) 102 such as a CCD
sensor or CMOS sensor is incorporated in the camera
body, and receives an object image formed by the
photographing optical system 101. A memory 103 stores
information corresponding to the object image
photoelectrically convgrted by the solid-state image
sensor 102. A viewfinder 104 is formed from a liquid
crystal display panel or the like, and used to observe
an object image formed on the solid-state image sensor
102. |

[0117] A zoom lens in each embodiment is an
imaging lens system used in an image capturing
apparatus such as a video camera or digital camera. In
each lens sectional view, the left side is the object
side (front), and the right side is the image side
(back) .

[0118] In each lens sectional view, i represents
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the order of a lens unit from the object side, and Li
represents the ith lens unit.

[0119] A zoom lens in each embodiment has,
sequentially from the object side to the image side, a
first lens unit L1 of negative reffactive power
(optical power = the reciprocal of a focal length) and
a second lens unif L2 of positive refractive powér.
[0120] Reference symbol SP denotes an aperture
stop; and G, an optical block corresponding to an
optical filter, face plate, crystal low-pass filter,
infrared cut filter, or the like.

[0121] Reference symbol IP denotes an image plane
which corresponds to the image sensing plane of a
solid-state image sensor (photoelectric conversion
element) such as a CCD sensor or CMOS sensor when the
zoom lens is used as the imaging optiqal system of a
video camera or digital still camera.

[0122] In each aberration view, d and g represent
a d-line and g—liﬁe, respectively. AM and AS represent
the meridional image plane and sagittal image plane.
Chromatic aberration of magnification is represented by
the g-line. Y represents the image height. Fno
represents the F-number.

[0123] In the following embodiments, the wide-
angle end and telephoto end mean zoom positions when
the lens unit for zooming (second lens unit L2) is

positioned on the two ends of a range where the lens
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unit is movable on the optical axis of the mechanism.
[0124] Each arrow indicafes the moving locus of
each lens unit in zooming from the wide-angle end to
the telephoto end.

[0125] The basic arrangement and function of a
zoom lens in the first embodiment in Fig. 3 will be
explained.

[0126] In the first embodiment, the zoom lens has,
sequentially from the object side to the image side, a
first lens unit L1 of negative refractive pbwer, a
second lens unit L2 of positive refractive power, and a
third lens unit L3 of positive refractive power. 1In
zooming from the wide-angle end td the telephoto end,
the second lens unit L2 moves to the object side, and
the third lens unit L3 slightly moves to the image side.
Movement of the image point (image plane) upon zooming
is corrected by moving the first lens unit L1 to the
image side along a convex locus.

[0127] An aperture stop SP is arranged slightly
close to the image side from the most object-side lens
surface of the second lens unit L2. By arranging the
aperture stop SP at this position, the interval between
the first lens unit L1 and the second lens unit L2 on
the telephoto end can be narrowed to ensure a large
moving amount of the second lens unit L2 toward the
object side in zooming.

[0128] This can prevent an increase in total lens
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length on the telephoto end while increasing the zoom
ratio. To adjust the light quantity, a stop unit
capable of reducing the light quantity at small steps,
an ND filter, or the like may also be arranged on the
image side of the second lens unit L2 so as to be
insertable/removable into/from the optical path.

[0129] The third lens unit L3 has positive
refractive power. Telecentric image formatiqn on the
image side that is necessary for an image capturing
apparatus using a solid-state image sensor and the like
is achieved by assigning the third lens unit L3 a role
of the field lens.

10130] The third lens unit L3 slightly moves to
the image side in zooming from the wide-angle end to
the telephoto end, but may also be fixed. When the
third lens unit L3 ié fixed, a mechanical member,
actuator, and the like for driving it can be omitted.
[0131] When the third lens unit L3 moves during
zooming, it is preferable that the third lens unit L3
not move to the object side in zooming from the wide-
angle end to the telephoto endl If the third lens unit
L3 moves to thé object side, the magnification of the
third lens unit L3 decreases, decreasing the zoom ratio
of the entire system.

[0132] To increase the zoom ratio, therefore, it
is preferable to widen the interval between the second

lens unit L2 and the third lens unit L3 in zooming from
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the wide-angle end to the telephoto end. The zooming
effect is further enhanced by moving the third lens
unit L3 toward the image side in zooming from the wide-
angle end to the telephoto end.

[0133] The first lens unit L1 has, sequentially
from the object side to the image side, a negative lens
31 with a concave surface fécing the image side, and a
meniscus positive lens 32 with a convex surface facing
the object side. This arrangement satisfactorily
corrects aberrations while downsizing the entire system
with a small number of lenses. Especially by using an
aspherical surface for the first lens unit L1,
distértion aberration and curvature of field on the
wide-angle end, and spherical aberration on the
telephoto end can be sufficiently corrected.

[0134] In the first embodiment, the two lens
surfaces of the negative lens 31 are aspherical. The
aspherical shape weakens negative refractive power from
the center to periphery of the lens, and aberrations
are corrected in the above-described manner.

[0135] The second lens unit L2 has, sequentially
from the object side, a cemented lens 38 which is made
up of a positive lens 33 and negative lens 34 and has
positive refractive power as a whole, and a cemented
lens 39 which is made up of a negative lens 35 and
positive lens 36 and has positive refractive power as a

whole. Since the second lens unit L2 readily suffers
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aberration variations upon zooming, it adopts a
relatively symmetrical lens arrangemént to reduce
aberration variations upon zooming.

[0136] The second lens unit 12 forms an image at
an equal magnification at an intermediateizoom position,
and thus employs an arrangement of positive, negative,
negative, and positive lenses, which is a development
of a triplet. This arrangement satisfactorily corrects
aberrations and reduces aberration variations upon
zooming.

[0137] When increasing the zoom range, this lens
arrangement is very effective for correcting aberration.
The most object-side positive lens 33 in the second
lens unit L2 greatly refracts an off-axis principal ray
emerging from the first lens unit L1l. To reduce
generation of oblique aberrations, the positive lens 33
has a convex shape on the object side.

[0138] The positive lens 33 preferably has a
convex shape on the object side in order to even
suppress the amount of spherical aberration generated
with respect to an axial ray divergently emefging from
the first lens unit L1. Further, the positive lens 33
desirably has an aspherical object-side lens surface.
In this case, spherical aberration upon increasing_the
diameter can be sufficiently corrected.

[0139] The negative lens 34 has a lens shape with

a concave surface facing the image side. Coma
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generated on the object-side lens surface of the
positive lens 33 can be corrected on the image-side
lens surface of the negative lens 34. With these
shapes, the positive lens 33 and negative lens 34
satisfactorily correct both spherical aberration and
coma.

[0140] The cemented lens 38 made up of the
positive lens 33 and negative lens 34 has a meniscus
shape as a whole. This shape cannot greatly increase
refractive power. Hence, in the first embodiment; the
cemented lens 39 on the image side mainly gives
positive refractive power of the second lens unit L2.
[0141] By this lens arrangement, generation of
aberration in the second lens unit L2 upon increasing
the zoom ratio is reduced in the entire zoom range, and
a low-profile lens arrangement is provided.

[0142] The positive lens 33 and negative lens 34
need not be formed into the cemented lens 38, and may
élso be divided as long as spherical aberration and
coma are satisfactorily corrected. The cemented lens
38 may also be replaced with one meniscus positive lens
with a convex surface facing the object side. It
suffices to correct chromatic aberration generated in
this case by the cemented lens 39,

[0143] " The third lens unit‘L3 has a single
positive lens 37, and forms a telecentric system as a

whole.
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[0144] The third lens unit L3 having a small
number of lenses performs focusing, which easily
downsizes the focusing lens unit.

[0145] A zoom lens in the second embodiment in Fig.
7 is a 3-unit zoom lens of the same zoom type as the
zoom lens in the first embodiment in Fig. 3.

[0146] The zoom lens in the second embodiment has
the same arrangement as that of the zoom lens in the
first embodiment except that a single positive lens
having two convex surfaces replaces the cemented lens
39 which forms the second lens unit L2 and includes the
negative lens 35 and positive lens 36.

[0147] ~ The second embodiment decreases the number
of lenses from that in the first embodiment, and
further downsizes the entire lens system while
maintaining»high optiéal performance.

[0148] A zoom lens in the third embodiment in Fig.
11 is’a 2-unit zoom lens which has, sequentially from
the object side to the image side, a first lens unit L1
of negative refractive power and a second lens unit L2
of the positive refractive power, and performs zooming
by changing the interval between the two lens units.
[0149] The lens‘arrangements of the first lens
unit L1 and second lens unit L2 in the third embodiment
are the same as those of the first lens unit L1 and
second lens unit L2 in the first embodiment in Fig. 3.

The third embodiment obtains the same effects as those
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of the first embodiment.

[0150] The zoom lens in the third embodiment omits
the third lens unit L3, unlike the zoom lens in the
first embodiment. The third embodiment further
enhances the effects of the entire system while
maintaining high optical performance.

[0151] There has conventionally been known a
collapsiblé zoom lens which downsizes the entire system
by narrowing the intervals between lens units in a non-
image sensing state. The third embodiment is superior
to the first and second embodiments in downsizing of
the whole image Qapturing apparatus because the third
lens unit is omitted to shorten the total lens length
when the lens system collapses.

[0152] The absence of the third lens unit makes it
more difficult in the third_embodiment than the first
and second embodiments to set the exit pupil fully
apart from the image plane and ensure telecentricity.
For this reason, the image capturing apparatus
according to the third embodiment preferably adopts a
solid-state image sensor capable of capturing a
sufficient quantity of light even with a large incident
angle. In the third embodiment, the first lens unit L1
performs focusing.

[0153] A zoom lens in the fourth embodiment in Fig.
15 is a 2-unit zoom lens of the same zoom type as the

zoom lens formed from two lens units in the third
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embodiment in Fig. 11.

[0154] The lens arrangements of a first lens unit
L1 and second lens unit L2 in the fourth embodiment are
the same as those of the first lens unit L1 and second
lens unit L2 in the second embodiment in Fig. 7, and
obtains the same effects.

[0155] The zoom lens in the fourth embodiment
includes two lens units as a whole, and obtains the
same effects as those of the zoom lens in the third
embodiment.

[0156] A zoom lens in the fifth embodiment in Fig.
19 includes, sequentially from the object side to the
image side, a first lens unit L1 of negative refractive
power, a second lens unit L2 of positive refractive
power, a third lens unit L3 of positive refractive
power, and a fourth lens unit L4 of positive refractive
power. This zoom lens is a 4-unit zoom lens which
performs zooming by moving the first to third lens
units.

[0157] In zooming from the wide-angle end to the
telephoto end by the zoom lens in the fifth embodiment,
the first lens unit L1 moves to the image side along a
convex locus. The second lens unit L2 moves to the
object side to decrease the interval between the second
lens unit L2 and the first lens unit Ll1. The third
lens unit L3 moves to the object side to increase the

interval between the third lens unit L3 and the second
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lens unit L2.

[0158] In zooming, the second lens unit L2 and
third lens unit L3 move independently by different
distances. In zooming, the fourth lens unit L4 does
not move.

[0159] The zoom lens in the fifth embodiment
performs main zooming by moving.thé second lens unit L2,
and corrects movement of the image point upon zooming
by moving the first lens unit L1. In the fifth
embodiment, the third lens unit L3 performs focusing.
[0160}] The fourth lens unit L4 functions as a
field lens similarly to the third lens unit L3 in the
first embodiment. In zooming, the second lens unit L2
and third lens unit L3 individually move to reduce
aberration variations accompanying zooming.

[0161] The use of an inner focus method of
performing focusing by the third lens unit L3 increases
the focus sensitivity, compared to a rear focus method.
As a result, the focus moving amount decreases,
downsizing the driving means.

[0162] An arrangement common to zoom lenses which
build image capturing apparatuses in the respective
embodiments is a negative lead type zoom lens having
the first lens unit L1 of negative refractive power and
the second lens unit L2 of positive refractive power
sequentially from the object side.

[0163] As shown in Fig. 3, let D be the outer
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diameter of the most object-side negative lens 31 of
the first lens unit Ll1. In the negative lead type, the
outer diameter D is determined by the refractive height
of the most off-axis beam on the wide-angle end.

[0164] When no distortion aberration is corrected,
the imaging point corresponding to the most offfaxis
beam in Fig. 2 is the end point 24 at the length L of
the diagonal line, and the image height is given by L/2;
When correcting distortion aberration, the imaging
point corresponding to the most off-axis beam in Fig. 2
is the end point 23 at the length Ld of the diagonal
line, and the image height is éiven by Ld/2.

[0165] The image height Ld/2 is smaller than L/2,
so the refractive height of the first lens unit L1
becomes small. Hence, the outer diameter D of the
negative lens 31 can be decreased.

[0166] Each embodiment decreases the outer
diameter D of the lens on the premise that distortion
aberration is electrically corrected on the wide-angle
end.

[0167] At this time, a larger distortion
aberration on the wide-angle end decreases the outer
diameter D, decreasing the front lens diameter.
Howéver, if the distortion aberration correction amount
is excessively large, the image quality degrades upon
pixel interpolation.

[0168] To prevent this, each embodiment determines
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a correction amount at which degradation of the image
quality by interpolation processing is negligible,
thereby achieving both maintenance of the image quality
and a decrease in the outer diameter D of ﬁhe lens.
[0169] In the following numerical embodiments
corresponding to the respective embodiments, the outer
diameter D of the lens is set larger by about 1 mm than
the effective diameter of a beam on the object-side
lens surface of the negative lens 31.

[0170] To generate distortion aberration to a
certain degree on the wide-angle end, the curvature of
each lens surface of the first lens unit L1 in each
embodiment is reduced to a certain degree. If the lens
surface is concentric to an off-axis beam on the wide-
angle end, distortion aberration is corrected. However,
each embodiment generates barrel distortion aberraﬁion
by reducing the curvature from that in the concentric
state.

[0171] ~ However, an excessively reduced curvature
causes a large amount of astigmatism on the wide-angle
end; so the curvature needs to be properly set within a
given range. In each embodiment, the negative lens 31
is an aspheric lens. In this case, not the paraxial
curvature but the curvature of a reference spherical
su:face is preferably reduced to a certain degree.
[0172] The reference spherical surface means a

spherical surface including the vertex of the lens
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surface and. a point on the effective optical diameter.
[0173] The first to fifth numerical embodiments
corresponding to the first to fifth embodiments of the
present invention will be described. In each numerical
embodiment, i represents the order of surfaces from the
object side. Ri represents the radius of curvature of
the lens surface. Di represents the lens thickness and
air gap between the ith and (i+l)th surfaces. Ndi and
vdi represent the refractive index and Abbe number for
the d-line. Two surfaces on the most image side are
those of a filter member such as a crystai low-pass
filter or infrared cut filter.

[0174] B, C, D, E, and F are aspheric coefficients.
Letting x be the displacement along the optical axis at
the position of a height H from the optical axis by

using the surface vertex as a reference, x is given by

(1/ RH?
X = + BHY + CHe + DH® + EH® + FH:2

1++1-@Q+K) (H/Rp

. (1)

where R is the radius of curvature, and K is the conic
coefficient.
[0175] BF represents a distance in air conversion
from the final lens surface to a paraxial image plane.
The total lens length is obtained by adding BF to the
distance from the front lens surface to the final lens
surface.

[0176] j represents the order of lens units
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counted from the object side, and fj represents the
focal length of the jth lens unit.

[0177] The unit of items regarding the length such
as the radius of curvature, lens thickness, air gap,
focal length, image height, total lens length, and BF
is mm.

[0178] In the following description, the length ILd
of the diagonal line of the image cabturing area at
each zoom position cérresponds to double the image
height.

[0179] Table 1 shows the relationship between the
above-described conditional expressions and numerical
values in the numerical embodiments.

[0180] [Numerical Embodiment 1]

f =4.69 to 18.01

Fno = 2.81 to 5.89

20 = 71.1° to 21.1°

Surface Data

R1* = 52.277 D1 = 1.35 Nd1l 1.848616" vdl = 40.1

R2* = 4.843 D2 = 2.14

R3 = 8.542 D3 = 1.43 Nd2 = 1.945950 vd2 = 18.0
R4 = 14.724 D4 = variable
R5 = stop D5 = -0.49

R6* = 4.267 D6 = 1.94 Nd3 1.766140 vd3 = 49.5

R7 = 9.704 D7 = 0.60 Nd4 = 1.698947 vd4 = 30.1
R8 = 3.656 D8 = 0.51
RY = = 1.846660 vd5 = 23.9

7.866 D9 = 0.50 Nd5
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R10 = 4.547 D10 = 2.02 Nd6 = 1.638539 vd6 = 55.4
R11 = -14.994 D11 = variable

R12 = 14.878 D12 = 1.35 Nd7 = 1.622992 vd7 = 58.2
R13 = 89.039 D13 = variable

R14 = e D14 = 0.50 Nd8 = 1.516330 vd8 = 64.1
R15 = =

[0181]Aspheric Coefficient

Rl k = -5.94283e+01 B 5.37922e-05 C = 2.54150e-06

D = -6.23141e-08 E 4.25314e-10

R2 k = -2.14411e+00 B = 1.70013e-03 C = -1.75445e-05
D = 6.85455e-07 E = -1.15655e-08
‘R6 k = -3.28891e-01 B = -1.01018e-04 C = 4.89488e-06

D = -5.73371e-07 E 3.51078e-08

[0182]Various Data
Zoom Ratio 3.84

Wide Angle Intermediate Telephoto

Focal Length 4.69 11.27 18.01
F-Number 2.81 4.32 5.89
Angle of View 71.1° 35.9° 21.1°
Image Height 3.321 3.571 3.571
Total Lens Length 33.64 31.24 36.23
BF 4.71 4.64 4.22
D4 13.38 3.40 0.81
D11 : 4.19 11.85. 19.85
D13 ' ‘3.06 2.99 2.57

[0183]Data of Zoom Lenses

Unit Start Surface Focal Length
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1 1 -10.437
2 5 9.619
3 12 28.473

[0184]0uter Diameter of Lens Made up of R1 and R2 12.8
[Numerical Embodiment 2]
f =6.10 to 17.93
Fno = 2.80 to 5.04
5 20 = 57.5° to 21.2°
Surface Data

57.921 D1 = 1.30 Ndl = 1.848620 vdl = 40.1

R1* =
R2* = 5,061 D2 = 1.31

R3 = 7.806 D3 = 2.00 Nd2 = 1.808095 vd2 = 22.8
R4 = 22.311 D4 = variable

R5 = D5 = -0.53

R6* = 4.331 D6 = 1.90 Nd3 = 1.848620 vd3 = 40.1

R7 = 16.963 D7 = 0.50 Nd4 = 1.808095 vd4 = 22.8
R8 = 3.659 D8 = 0.59

RO = 12.861 D9 = 1.30 Nd5 = 1.696797 vd5 = 55.5
R10 = -17.453 D10 = variable

R11 = 16.493 D11 = 1.46 Nd6 = 1.603112 vdé = 60.6
R12 =-196.637 D12 = variable

R13 = = D13 = 0.50 Nd7 = 1.516330 vd7 = 64.1
R14 = =

[0185]Aspheric Coefficient

Rl k = -1.83510e+02 B = 9.35719e-05 C = -6.03699e-07
D = 8.66707e-09 E = 0.00000e+00
R2 k = -1.88251e+00 B = 1.26150e-03 C = -5.48821e-06
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D = 1.47361e-07 E 0.00000e+00

-5.29492e-05 C = 2.77516e-06

R6 k = -2.99134e-01 B
0.00000e+00

D = -9.02930e-08 E
[0186]Various Data

Zoom Ratio 2.94

Wide Angle Intermediate Telephoto

Focal Length 6.10 11.80 17.93
F-Number 2.80 3.91 5.04
Angle of View 57.5° 35.8° 21.2°
Image Height 3.574 _ 3.762 3.762
Total Lens Length 33.42 30.59 32.83
BF 4.76 3.72 3.39
‘D4 13.13 4.75 1.44
D10 - 5.70 12.28 18.16
D12 3.22 2.18 1.85

[0187]Data of Zoom Lenses

Unit Start Surface Focal Length

1 1 -13.806
2 5 10.434
3 11 25.295

[0188]OCuter Diameter of Lens Madeiup of Rl and R2 11.9
5 [Numerical Embodiment 3]

f =5.10 to 14.74

Fno = 2.98 to 5.01

20 = 64.2° to 24.5°

Surface Data

Rl = 224.291 Dl = 1.35 Ndl = 1.900000 vdl = 36.0
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R2* = 5.316 D2 = 2.06
R3 = 8.374 D3 = 1.43 Nd2 = 1.850000 vd2 = 15.5
R4 = 14.796 D4 = variable
R5 = stop D5 = -0.49

R6* = 4.312 D6 = 1.94 Nd3 = 1.766140 vd3 = 49.5

R7 = 8.758 D7 = 0.60 Nd4 = 1.698947 vd4 = 30.1
R8 = 3.828 D8 = 0.51

RO = 8.096 D9 = 0.50 Nd5 = 1.846660 vd5 = 23.9
R10 = 4.506 - D10 = 2.02 Nd6 = 1.638539 vd6 = 55.4
R11 = -10.795 D11 = variable

R12 = D12 = 0.60 Nd7 = 1.516330 vd7 = 64.1
R13 = =

[0189]Aspheric Coefficient

R2 k = -1.97148e+00 B = 1.27814e-03 C = -3.12158e-06
D = -4.36651e-07 E = 2.04452e-08

R6 k = -4.19922e-01 B = -1.29795e-04 C = 9.20263e-06
D = 2.3913%e-07 E = -2.46515e-08

[0190]Various Data
Zoom Ratio 2.89

Wide Angle Intermediate Telephoto

Focal Length 5.10 9.92 14.74
F-Number 2.98 3.99 5.01
Angle of View 64.2° 41.0° | 24.5°
Image Height 3.178 : 3.571 3.571
Total Lens Length 31.81 28.58 30.40
BF 9.98 14.48 18.098

D4 11.91 4.18 1.50
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D11 8.95 13.45 17.95
[0191]Data of Zoom Lenses
Unit Start Surfacel Focal Length
1 1 -9.329
2 5 8.713
[0192]Outer Diameter of Lens Made up of R1 and R2 10.9
[Numefical Embodiment 4]
f =4.70 to 16.48
5 Fno = 2.99 to 5.45
20 = 71.0° to 23.0°
Surface Data
Rl = 55.315 Dl = 1.30 Ndl = 1.851350 vdl = 40.1

R2* = 5.260 D2 = 1.96

R3 = 8.313 D3 = 1.50 Nd2 = 1.954950 vd2 = 18.0
R4 = 13.243 D4 = variable

R5 = stop D5 = -0.40

R6* = 3.910 D6 = 1.95 Nd3 = 1.768020 vd3 = 49.2

R7 = 11.356 D7 = 0.60 Nd4 = 1.808095 vd4d = 22.8

R8* 3.426 D8 = 0.51

RO9* = 8.493 D9 = 1.50 Nd5 = 1.772499 vd5 = 49.6

R10* = -19.771 D10 = variable
R11 = o D11 = 0.60 Nd6 = 1.516330 vde = 64.1
R12 = o

[0193]Aspheric Coefficient

R2 k -2.26861e+00 B = 1.52773e-03 C = -1.32355e-05

2.28145e-09

D 1.52845e-07 E

-4.17348e-04 C = 2.18560e-05

R6 k -4.83611le-01 B
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0.00000e+00

0.00000e+00 E

@)
Il

~1.79423e-03 C =-1.71123e-04

R8 k = -3.28633e-01 B
0.00000e+00

D = 0.00000e+00 E
k

I

R9 = -1.50823e+00 B -1.85622e-04 C =-3.45234e-04

D = 4.76923e-05 E -2.73589%e-06

R10 k =-1.06527e+01 B

7.73037e-04 C = -1.15197e-05

4.83903e-06

D = 1.36638e-05 E
[0194]Va£ious Data

Zoom Ratio 3.51

Wide Angle Intermediate Telephoto

Focal Length 4.70 10.59 16.48
F-Number 2.99 4.18 5.45
Angle of View 71.0° 37.9° 23.0°
Image Height 3.214 3.571 3.571
Total Lens Length 32.70 26.08 27.42
BF 8.86 13.36 17.86
D4 14.93 3.81 0.64

D10 7.86 12.36 16.86

[0195]Data of Zoom Lenses
Unit Start Surface Focal Length
1 1 -11.086
2 5 | 8.464
[0196]0Outer Diameter of Lens Made up of R1 and R2 13.5
5 [Numerical Embodiment 5]
f =5.24 to 10.58
Fno = 2.90 to 3.96

20 = 62.8° to 33.7°



WO 2009/044664 PCT/JP2008/067374
- 47 -
Surface Data
R1 = 71.805 D1 = 1.20 Ndl = 1.851350 vdl = 40.1
R2* = 3.756 D2 = 1.14
R3 = 6.549 D3 = 1.70 Nd2 = 1.846660 vd2 = 23.9
R4 = 25.834 D4 = variable
R5 = stop D5 = 0.60
R6* = 4.131 D6 = 1.90 Nd3 = 1.740130 vd3 = 49.2
R7 = -25.143 D7 = 0.20
R8 = -443.894 D8 = 0.80 Nd4 = 1.833100 vdd = 23.9
R9* = 4.653 D9 = variable
R10 = 29.490 D10 = 1.20 Nd5 = 1.603112 vd5 = 60.6
R11 = -12.889 D11 = variable
R12 = 24.395 D12 = 1.20 Nd6 = 1.696797 vd6 = 55.5
R13 = e D13 = 0.52
R14 = « D14 = 0.50 Nd7 = 1.516330 vd7 = 64.1
R15 = o
[0197]Aspheric Coefficient
R2 k = -1.11592e+00 B = 1.07393e-03 C = 7.42392e-06
D = -1.94030e-07 E = -6.64122e-09
R6 k = =5.28119e-02 B = -1.84158e-04 C =-1.71225e-05
D = -4.19360e-06 E = 7.62784e-08
R9 k = -8.26448e-01 B.= 4.08586e-03 C = 5.19353e-04
D =-1.26718e-04 E = 2.25765e-05
[0198]Various Data
Zoom Ratio 2.02
Wide Angle Intermediate Telephoto
Focal Length 78 10.58

5.24 7.
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F-Number 2.90 3.42 3.96
Angle of View 62.8°. 47.0° 33.7°
‘'Image Height 3.131 3.296 3.296
Total Lens Length 28.96 27.07 27.22
BF 3.34 3.34 3.34
D4 9.87 5.04 2.26
D9 1.09 1.78 2.04
D11 4.73 6.97 9.64

[0199]Data of Zoom Lenses

Unit Start Surface Focal Length

1 1 ~10.470
2 5 12.441
3 10 15.031
4 12 35.010

[0200]Outer Diameter of Lens Made up of Rl and R2 10.0

[Table 1]
Numerical 1 2 3 4 5
Embodiment

Conditional

Expression

(1) 2.23| 2.26 1.83 2.36 1.98

(2) 2.05| 1.71 1.71 1.80 2.37

(3) 0.93| 0.95 0.89 0.90 0.95

(4) 2.87| 3.60| 18.32 3.71 6.44

(5) 1.48| 2.03 1.79 1.27 2.82

(6) 1.84862 1.84862 1.90000 1.85135 1.85135
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(7) -3.62 -4.69 -4.48 -4.44 ~-3.76
(8) 1.05 0.76 0.95 1.01 0.75
(9) 7.53 5.26 12.37 11.11 5.27
(9) upper limit (|DIw|) 8.96 6.46 13.80 11.38 5.42
(10) , 6.1 4.1 - - 6.5
[0201] While the present invention has been

10

described with reference to exemplary embodiments; it
is to be understood thét the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded fhe broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0202] This application claims the benefit of
Japanese Patent Application No. 2007-257368, filed
October 1,.2007, which is hereby incorporated by

reference herein in its entirety.
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CLAIMS
1. An image capturing apparatus comprising:

a zoom lens;

a solid-state image sensor which
photoelectrically converts an image formed by said zoom
lens;

processing means for processing image data
obtained by said solid-state image sensor; and

correction means for processing the image data
from said pgocessing means to correct distortion
aberration of the image formed by said zoom lens, and
outputting the corrected image data,

wherein said zoom lens has, sequentially from an
object side to an image side, a first lens unit of
negative refractive power and a second lens unit of
positive refractive power,

said lens units move to narrow an interval
between said first lens unit and said second lens unit
in zooming from the wide-angle end to’the telephoto end,

said first lens unit includes one negative lens
and one positive lens,

said correction means corrects distortion
aberration in accordance with each zoom position of
said zoom lens,

when said correction means is to correct negative
distortion aberration, said correction means performs

correction using image information obtained from area A
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smaller.than a maximum image capturing area of said
solid-state image sensor, and a size of a diagonal line
of area A at this time is defined as a length of a
diagonal line of an image capturing area, and when said
correction means does not correct negative distortion
aberration, a size of a diagonal line of the maximum
image capturing area of said solid-state image sensor
is defined as a length of a diagonal line of an image
capturing area, and

letting Ldw and Ldt be lengths of diagoﬁal lines
of image capturing areas on the wide-angle end and the
telephoto end, f1 be a focal length of said first lens
unit of said zoom lens, f2 be a focal length of said
second lens unit, fw be a focal length of an entire
system on the wide-angle end, R11l and R12 be radii of
curvature of an object-side lens surface and image-side
lens surface of said negative lens of said first lens
unit (for an aspherical surface, radii of curvature of
reference spherical surfaces), and D be an outer
diameter of a most object-side lens of said first lens
unit, conditions: |

1.7 < f1/fw < 2.4

1.6 < f2/fw < 2.5

0.80 < Ldw/Ldt < 0.96

2.0 < (R11 x R12)/(D x Ldw) < 20.0
are satisfied.

2. The apparatus according to claim 1, wherein
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letting R21 and R22 be radii of curvatufe of an object-
side lens surface and image-side lens surface of said
positive lens of said first lens unit (for an
aspherical surface, radil of curvature of reference
spherical surfaces), a condition:

1.2 < (R21 x R22)/(D x Ldw) < 3.0
is satisfied.
3. The apparatus according to claim 1 or 2, wherein
letting N1ln be a refractive index of a material of said
negative lens of said first lens unit, a condition:

1.83 < Nln
is satisfied.
4, The apparatus according to claim 1, 2, or 3,
wherein letting R21 be a radius of curvature of an
object-side lens surface of said positive lens of said
first lens unit, a condition:

-5.0 < (R12 + R21)/(R12 - R21) < -=-3.0
is satisfied.
5. The apparatus according to claim 1, wherein
letting dl be a thickness of said first lens unit on an
optical axis, a condition:

0.5 < dl/fw < 1.3
is satisfied.
6. The apparatus according to any one of claims 1 to
5, wherein letting DIw be distortion aberration of a

most off-axis beam on the wide-angle end of said zoom

lens, a conditjion:
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0 < (1/(Ldw/Ldt) - 1) x 100 < [DIw|
is satisfied.
7. The apparatus according to any one of claims 1 to

6, wherein when said zoom lens has at least one lens
unit of positive refractive power on the image side of
said second lens unit, letting fk be a focal length of
said most image-side lens unit of positive refractive
power, a condition:

4.0 < fk/fw < 8.0

is satisfied.
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