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LENS OPTICAL UNIT AND IMAGING
DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This is a Continuation application of U.S. patent
application Ser. No. 13/298,979, filed Aug. 30, 2012, which in
turn claims priority from Japanese Patent Application JP
2011-199649 filed in the Japan Patent Office on Sep. 13,
2011, the entire content of which is hereby incorporated by
reference.

BACKGROUND

[0002] The present technology relates to a lens optical unit
and an imaging device. More particularly, the present tech-
nology relates to a technical field of a lens optical unit and an
imaging device which are suitable for, particularly, digital
still cameras, video cameras, monitoring cameras, and the
like, which employ a solid-state image sensor as a small,
high-performance imaging unit.

[0003] Inrecent years, the market for imaging devices such
as digital cameras has significantly increased, and users’
demands for digital cameras and the like are diverse. Further,
in recent years, the need for brightness of a shooting lens and
an increase in the size of an imaging element which is effec-
tive in implementing low-noise shooting and a high dynamic
range has increased, not to mention the need for anincrease in
image quality, a reduction in size, and a reduction in thick-
ness.

[0004] Itis generally known that when the size of an imag-
ing element increases, a lens optical unit increases accord-
ingly. Particularly, in a lens optical unit for a digital camera
employing a solid-state image sensor as an imaging unit, an
acceptable level of an angle of a light ray incident on an
imaging plane is small, and in order to cause a light ray to be
as vertically incident as possible, an optical design close to a
telecentric optical unit is necessary. Thus, it is difficult to
implement a significantly small optical unit.

[0005] Further, in order to implement high resolution in an
entire screen ranging from the center of a captured image or
video to the edge, it is necessary to appropriately correct the
field curvature of an optical image formed on the imaging
plane. However, in order to implement this, it is necessary to
add a collecting lens for correcting the field curvature to an
optical unit. Thus, this serves as a big restriction to a size
reduction of an optical unit. In a bright lens of an F number
which is shallow in depth of focus, particularly, this restric-
tion is large, and it is difficult to reduce the size.

[0006] An imaging device in which an image plane con-
verting element having a curved surface is arranged at an
object side of a solid-state image sensor has been proposed as
an imaging device that performs field curvature correction
(see Japanese Patent Application Laid Open (JP-A) No. 2010-
109096).

SUMMARY

[0007] However, in the lens optical unit disclosed in JP-A
No. 2010-109096, the image plane converting element is
configured to perform field curvature correction, but no con-
crete design on a curved surface shape may be performed, and
thus sufficient field curvature correction is unlikely to be
performed.
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[0008] Further, in the lens optical unit disclosed in JP-A
No. 2010-109096, since the image plane converting element
is arranged at the object side of the solid-state image sensor,
the total optical length becomes long, and thus it causes
difficulty in reducing the size.

[0009] The present technology is made to solve the above-
mentioned problems, and it is desirable to provide a lens
optical unit and an imaging device, which are capable of
implementing high optical performance by performing size
reduction and sufficient field curvature correction.

[0010] According to an embodiment of the present disclo-
sure, there is provided a lens optical unit, including at least
one lens that is arranged at an object side of a solid-state
image sensor. An imaging plane of the solid-state image
sensor has a non-planar shape that causes a sag amount in an
optical axis direction to increase as a distance from an optical
axis increases, and a conditional expression (1) is satisfied (1)
pxSag>0, where p represents a Petzval curvature of an optical
unit represented by

r, represents a curvature radius of a k lens surface from the
object side, n, represents a refractive index of a medium
before being incident to the k? lens surface from the object
side, n', represents a refractive index of a medium after being
emitted from the k™ lens surface from the object side, and Sag
represents a sag amount (an image side direction is positive)
in the optical axis direction related to a given point other than
the optical axis on the imaging plane.

[0011] Thus, in the lens optical unit, it is possible to match
an imaging plane with an image plane at which an optimal
resolution of an optical image is obtained.

[0012] In the above-mentioned lens optical unit, it is pref-
erable that a conditional expression (2) be satisfied.

p<0. @

[0013] When the conditional expression (2) is satisfied, the
Petzval curvature has a negative sign.

[0014] In the above-mentioned lens optical unit, it is pref-
erable that the non-planar shape of the imaging plane in the
solid-state image sensor be a curved surface shape that is
rotationally symmetric about the optical axis.

[0015] The non-planar shape of the imaging plane in the
solid-state image sensor is the curved surface shape that is
rotationally symmetric about the optical axis, and thus the
lens surface shape of each of lenses configuring the lens
optical unit can be formed in the rotationally symmetric
shape.

[0016] In the above-mentioned lens optical unit, it is pref-
erable that an angle at which a main light ray having a maxi-
mum angle of field is incident to the imaging plane in a state
of shooting at infinity in an entire zoom area satisfy a condi-
tional expression (3): 0,,,.<45°, where 0, represents an
angle at which a main light ray having a maximum angle of
field is incident to the imaging plane (vertical incidence is set
to 0°).

[0017] As the angle at which a main light ray having a
maximum angle of field is incident on the imaging plane in a
state of shooting at infinity in an entire zoom area satisfies the
conditional expression (3), an angle of a light ray incident on
the solid-state image sensor is reduced.
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[0018] In the above-mentioned lens optical unit, it is pref-
erable that the entire imaging plane of the solid-state image
sensor have a spherical shape with the same curvature.
[0019] Since the entire imaging plane of the solid-state
image sensor has a spherical shape with the same curvature,
the shape of the imaging plane can be simplified.

[0020] In the above-mentioned lens optical unit, it is pref-
erable that the imaging plane of the solid-state image sensor
and a focal length of the optical unit satisfy a conditional
expression (4): =5.0<R,, /f,,<-1.0, where R, represents a
curvature radius of the imaging plane of the solid-state image
sensor, and 1, -represents a focal length of the optical unit at
the time of focusing at infinity.

[0021] Asthe imaging plane of the solid-state image sensor
and the focal length of the optical unit satisfy the conditional
expression (4), a degree of the curvature of the imaging plane
is reduced, and the curvature of the imaging plane of the
solid-state image sensor becomes large with respect to the
focal length of the lens optical unit.

[0022] In the above-mentioned lens optical unit, it is pref-
erable that a total of four lenses including two positive lenses
and two negative lenses be arranged as the lens.

[0023] As a total of four lenses including two positive
lenses and two negative lenses are arranged at the lens, vari-
ous kinds of aberration correction can be performed in a state
in which the number of lenses configuring the lens optical unit
is small.

[0024] In the above-mentioned lens optical unit, it is pref-
erable that a lens closest to an image side be a concave
meniscus lens having a shape which is convex toward the
image side.

[0025] As the lens closest to the image side has the concave
meniscus lens having the shape which is convex toward the
image side, magnification by the lens closest to the image side
can be increased.

[0026] In the above-mentioned lens optical unit, it is pref-
erable that an aspheric surface be formed on a lens surface
closest to the image side.

[0027] As the aspheric surface is formed on the lens surface
closest to the image side, correction of astigmatism of the
optical unit can be appropriately performed.

[0028] According to an embodiment of the present disclo-
sure, there is provided an imaging device, including a lens
optical unit, and a solid-state image sensor that converts an
optical image formed by the lens optical unit into an electrical
signal. The lens optical unit includes at least one lens arranged
at an object side of the solid-state image sensor, an imaging
plane of the solid-state image sensor has a non-planar shape
that causes a sag amount in an optical axis direction to
increase as a distance from an optical axis increases, and a
conditional expression (1) is satisfied: (1) pxSag>0, where p
represents a Petzval curvature of an optical unit represented

by

r, represents a curvature radius of a k” lens surface from the
object side, n, represents a refractive index of a medium
before being incident to the k? lens surface from the object
side, n', represents a refractive index of a medium after being
emitted from the k” lens surface from the object side, and Sag
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represents a sag amount (an image side direction is positive)
in the optical axis direction related to a given point other than
the optical axis in the imaging plane.

[0029] Accordingly, in the imaging device, it is possible to
match an imaging plane with the image plane at which an
optimal resolution of the optical image is obtained.

[0030] According to the embodiments of the present tech-
nology described above, it is possible to provide a lens optical
unit and an imaging device, which are capable of implement-
ing high optical performance by performing size reduction
and sufficient field curvature correction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 illustrates an exemplary embodiment for
embodying a lens optical unit and an imaging device accord-
ing to the present technology together with FIGS. 2 to 4, and
is a conceptual diagram illustrating a configuration and an
optical path;

[0032] FIG. 2 is a conceptual diagram illustrating an
example of an imaging plane of a different shape;

[0033] FIG. 3 is a diagram illustrating a lens configuration
of a lens optical unit according to a first embodiment;
[0034] FIG. 4 is a diagram illustrating spherical aberration,
astigmatism, and distortion of a numerical example in which
aconcrete numerical value is applied to the first embodiment;
[0035] FIG. 5 is a diagram illustrating a lens configuration
of a lens optical unit according to a second embodiment;
[0036] FIG. 6 is a diagram illustrating spherical aberration,
astigmatism, and distortion of a numerical example in which
a concrete numerical value is applied to the second embodi-
ment;

[0037] FIG. 7 is a diagram illustrating a lens configuration
of a lens optical unit according to a third embodiment;
[0038] FIG. 8 is a diagram illustrating spherical aberration,
astigmatism, and distortion of a numerical example in which
a concrete numerical value is applied to the third embodi-
ment;

[0039] FIG. 9 is a diagram illustrating a lens configuration
of a lens optical unit according to a fourth embodiment;
[0040] FIG. 10 is a diagram illustrating spherical aberra-
tion, astigmatism, and distortion of a numerical example in
which a concrete numerical value is applied to the fourth
embodiment;

[0041] FIG. 11 is a diagram illustrating a lens configuration
of a lens optical unit according to a fifth embodiment;
[0042] FIG. 12 illustrates aberration diagrams of a numeri-
cal example in which a concrete numerical value is applied to
the fitth embodiment together with FIG. 13, and is a diagram
illustrating spherical aberration, astigmatism, and distortion
in a wide angle end state;

[0043] FIG. 13 is a diagram illustrating spherical aberra-
tion, astigmatism, and distortion in a telephoto end state; and
[0044] FIG. 14 is a block diagram illustrating an example of
an imaging device.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

[0045] Hereinafter, preferred embodiments of the present
disclosure will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
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same reference numerals, and repeated explanation of these
structural elements is omitted.

[0046] Hereinafter, exemplary embodiments of embodying
a lens optical unit and an imaging device according to the
present technology will be described.

[0047] [Configuration of Lens Optical Unit]

[0048] In the lens optical unit according to the present
technology, at least one lens R is arranged at the object side of
a solid-state image sensor, and an imaging plane IMG of the
solid-state image sensor has a non-planar shape that causes a
sag amount d in an optical axis direction to increase as a
distance from an optical axis increases as illustrated in FIG. 1.
A cover glass CG is arranged at the object side of the imaging
plane IMG.

[0049] FIG. 1 illustrates an example in which the imaging
plane IMG is formed in a non-planar shape which is concave
to the object side. However, the imaging plane IMG may be
formed in a non-planar shape which is convex to the object
side as illustrated in FIG. 2.

[0050] The imaging plane IMG may not have the shape that
is rotationally symmetric about the optical axis and may not
have a spherical shape.

[0051] When the lens optical unit has the above configura-
tion, even when a large field curvature aberration occurs in the
lens optical unit, it is possible to match an imaging plane with
an image plane at which an optimal resolution of an optical
image is obtained, and thus the excellent resolution can be
secured in the entire screen from the center of an image or a
video to the most peripheral part (the outermost circumfer-
ential part).

[0052] Further, the lens optical unit according to the present
technology is configured to satisfy the following conditional
expression (1).

pxSag>0 (€8]

[0053]
[0054]

Here,
p: Petzval curvature of an optical unit represented

[0055] r,: curvature radius of a k” lens surface from the
object side

[0056] n,: refractive index of a medium before being inci-
dent to the k” lens surface from the object side

[0057] n';: refractive index of a medium after being emitted
from the k™ lens surface from the object side

[0058] Sag: sagamount (animage side direction is positive)
in the optical axis direction related to a given point other than
the optical axis in the imaging plane

[0059] The conditional expression (1) is equation formula
to specify a state of the field curvature aberration taken by the
lens optical unit and an optimal condition of the non-planar
shape taken by the imaging plane of the solid-state image
sensor.

[0060] Here, when the conditional expression (1) is too
small and falls below a lower limit, a direction of the field
curvature of the lens optical unit and a direction of the shape
of'the imaging plane of the solid-state image sensor change in
opposite directions to each other, and thus fatal degradation in
the image quality is caused.
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[0061] Thus, when the lens optical unit satisfies the condi-
tional expression (1), the direction of the field curvature of the
lens optical unit and the direction of the shape of the imaging
plane of the solid-state image sensor do not change in oppo-
site directions to each other, and thus the field curvature
aberration is successfully corrected, and the image quality is
improved.

[0062] Further, in the lens optical unit according to the
present technology, the imaging plane IMG is formed in the
non-planar shape in which the sag amount d in the optical axis
direction increases as the distance from the optical axis
increases, and as the conditional expression (1) is satisfied,
the restriction of an incident light ray on the imaging plane
IMG is reduced, and thus the number of lenses can be
reduced.

[0063] Thus, size reduction can be implemented, and high
optical performance can be secured.

[0064] Preferably, the lens optical unit according to an
embodiment of the present technology satisfies the following
conditional expression (2).

p<0 2)

[0065] Here, p represents the Petzval curvature in the con-
ditional expression (1).

[0066] The conditional expression (2) is a formula specify-
ing a state of the field curvature aberration taken by the lens
optical unit.

[0067] Itis generally well known that in order to reduce the
size of the lens optical unit, it is desirable to design the exit
pupil position of the lens optical unit to have a negative sign.
However, when the Petzval curvature is too large and exceeds
an upper limit of the conditional expression (2), it means the
Petzval curvature has a positive sign.

[0068] Here, when the Petzval curvature has the positive
sign, the field curvature aberration in which the optical image
surface is convex toward the object side occurs, and thus the
exit pupil position of the lens optical unit inevitably has the
positive sign. As a result, it is difficult to reduce the size of the
lens optical unit and increase the image quality thereof.
[0069] Thus, when the lens optical unit satisfies the condi-
tional expression (2), the size can be reduced, and the image
quality can be increased.

[0070] Inthe lens optical unit according to an embodiment
of the present technology, the non-planar shape of the imag-
ing plane in the solid-state image sensor is preferably the
curved surface shape that is rotationally symmetric about the
optical axis.

[0071] Since the non-planar shape of the imaging plane in
the solid-state image sensor has the curved surface shape that
is rotationally symmetric about the optical axis, a lens surface
shape of each of lenses configuring the lens optical unit is
formed in the shape having rotational symmetry, and thus an
optical design and the manufacture of the lens can be simpli-
fied.

[0072] Inthe lens optical unit according to an embodiment
of'the present technology, it is preferred that an angle at which
a main light ray having a maximum angle of field is incident
on the imaging plane in a state of shooting at infinity in an
entire zoom area satisfy the following conditional expression

3.
0,5, <45° 3
[0073] 6,,..: angle at which a main light ray having a maxi-

mum angle of field is incident on an imaging plane (vertical
incidence is set to 0°).
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[0074] The conditional expression (3) is a formula specify-
ing an angle at which a main light ray having a maximum
angle of field is incident on an imaging plane.

[0075] When the angle is too large and exceeds the condi-
tional expression (3), an angle of a light ray incident on the
solid-state image sensor is too inclined in an oblique direc-
tion, and thus, particularly, a quantity of light around the
screen edge part is remarkably reduced. Further, an on-chip
lens arranged on the solid-state image sensor does not suffi-
ciently function, and incident light enters neighboring diode
elements between pixels as stray light. Thus, particularly, a
mixed color is generated in an imaging element that can
output a color image, and thus the image quality degrades.
[0076] However, it is preferred that the lens optical unit
according to an embodiment be configured to satisfy the
following conditional expression (3)'.

50<0,,,<35° 3y

[0077] When the lens optical unit satisfies the conditional
expression (3)', the above-described advantages can be fur-
ther obtained.

[0078] Further, it is preferred that the lens optical unit
according to an embodiment be configured to satisfy the
following conditional expression (3)".

7.59<0,,,<25° 3)"

[0079] When the lens optical unit satisfies the conditional
expression (3)", the above-described advantages can be fur-
ther obtained to a maximum.

[0080] In the lens optical unit according to an embodiment
of the present technology, it is preferred that the entire imag-
ing plane of the solid-state image sensor have a spherical
shape with the same curvature.

[0081] When the entire imaging plane of the solid-state
image sensor is formed in the spherical shape with the same
curvature, it is possible to simply measure and manage the
shape of the imaging plane when the solid-state image sensor
whose imaging plane has the non-planar shape is manufac-
tured or mass-produced and then managed.

[0082] In the lens optical unit according to an embodiment
of the present technology, it is preferred that the imaging
plane of the solid-state image sensor and the focal length of
the optical unit satisfy the following conditional expression

4.

~5.0<R o fing<~1.0 (4)
[0083] R,,,: curvature radius of an imaging plane of a
solid-state image sensor

[0084] {, : focal length of an optical unit at the time of
focusing at infinity

[0085] The conditional expression (4) is an equation speci-
fying the ratio between the curvature radius of the imaging
plane of the solid-state image sensor and the focal length of
the entire system of the lens optical unit.

[0086] Here, when the ratio is too large and exceeds the
upper limit of the conditional expression (4), the curvature of
the imaging plane of the solid-state image sensor is too strong
with respect to the focal length of the lens optical unit, and
thus the imaging plane is designed to be curved more than
necessary for the field curvature aberration. As a result, the
thickness of a lens barrel, particularly, in the optical axis
direction, is significantly increased.

[0087] However, when the ratio is too small and falls below
the lower limit of the conditional expression (4), the curvature
of the imaging plane of the solid-state image sensor is too
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loose with respect to the focal length of the lens optical unit,
and thus it is necessary to correct the field curvature aberra-
tion at the lens optical unit side.

[0088] It is preferred that the lens optical unit according to
an embodiment be configured to satisfy the following condi-
tional expression (4)'.

~4.75<R;,e/finf<=0.5 4)

[0089] When the lens optical unit satisfies the conditional
expression (4)', the above-described advantages can be
obtained to a maximum.

[0090] Inthe lens optical unit according to an embodiment
of the present technology, it is preferred to arrange a total of
four lenses including two positive lenses and two negative
lenses.

[0091] By arranging a total of four lenses including two
positive lenses and two negative lenses, the number of lenses
configuring the lens optical unit can be reduced to a necessary
minimum number, and then various kinds of aberration cor-
rection can be appropriately performed, and high resolution
can be secured.

[0092] Inthe lens optical unit according to an embodiment
of the present technology, it is preferred that a lens closest to
the image side be a concave meniscus lens having a shape
which is convex toward the image side.

[0093] By using the concave meniscus lens having the
shape which is convex toward the image side as the lens
closest to the image side, magnification by the lens closest to
the image side can be increased, the size of the entire optical
unit can be reduced, and the occurrence of astigmatism by the
lens surface closest to the image side can be suppressed.
[0094] Inthe lens optical unit according to an embodiment
of the present technology, it is preferred to form an aspheric
surface on the lens surface closest to the image side.

[0095] By the aspheric surface on the lens surface closest to
the image side, the astigmatism of the optical unit can be
appropriately corrected, and thus the image quality can be
improved.

[0096] The lens optical unit can perform focusing by mov-
ing the whole or a part of the optical unit in the optical axis
direction, and can perform camera-shake correction by shift-
ing the whole or a part of the optical unit in a direction vertical
to the optical axis.

[0097] Further, it is effective to modulate the non-planar
shape of the imaging plane of the solid-state image sensor
illustrated in the above-described embodiment according
focusing or zooming of the lens optical unit. Thus, this
embodiment is also included in the technical scope of the
present technology.

[0098] [Numerical Value Example of Lens Optical Unit]
[0099] Next, concrete embodiments of the lens optical unit
according to the present technology, and numerical examples
in which a concrete numerical value is applied to an embodi-
ment will be described with reference to the accompanying
drawings and tables.

[0100] Here, symbols and the like used in tables or a
description have the following meanings.

[0101] “si” represents a surface number of an i” surface
counted from the object side to the image side, “ri” represents
a paraxial curvature radius of the i” surface, “di” represents
an on-axis surface interval (the thickness of the center of a
lens or an air gap) between the i” surface and the (i+1)”
surface, “ni” represents a refractive index in a d line (A=587.6
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nm) of a lens starting from the i” surface or the like, and “vi”
represents an Abbe number in a d line of a lens starting from
the i” surface or the like.

[0102] Each “ASP” related to “si” represents that a corre-
sponding surface is an aspherical surface, “STO” represents
that a corresponding surface is an aperture stop, “IMG” rep-
resents that a corresponding surface is an imaging plane of a
solid-state image sensor, and “INFINITY” related to “ri”
represents that a corresponding surface is a plane.

[0103] “f’ represents a focal length, “Fno” represents an F
number, and “w” represents a half angle of field.

[0104] “Kk” represents a conic constant, and “A,” “B.” “C,”
and “D” represent a 4™ order aspherical coefficient, a 6” order
aspherical coefficient, an 8" order aspherical coefficient, and
a 10 order aspherical coefficient, respectively.

[0105] In each table representing an aspherical coefficient,
“E-n” represents a base 10 exponential expression, that is,
“107™"” For example, “0.12345E-05" represents “0.12345x
1073>

[0106] Inthelens optical unitused in each embodiment, the
lens surface is formed on the aspheric surface. The aspherical
shape is defined by the following Formula 1 when “x” is a
distance (sag amount) from a vertex of a lens surface in an
optical axis direction, “y” is the height (image height) in a
direction vertical to the optical axis direction, “c” is a paraxial
curvature (a reciprocal of a curvature radius) at the vertex of
a lens, “k” is a conic constant, and “A,” “B,” “C,” and “D”
represent a 4” order aspherical coefficient, a 6” order aspheri-
cal coefficient, an 8" order aspherical coefficient, and a 10
order aspherical coefficient, respectively.

cy2 [Formula 1]
X= +Ay4+By6+...
L+ {1 = (1 + )2y}l

First Embodiment

[0107] FIG. 3 illustrates a lens configuration of a lens opti-
cal unit 1 according to a first embodiment of the present
technology.

[0108] The lens optical unit 1 includes a first positive lens
(1, a first negative lens G2, a second negative lens G3, and a
second positive lens G4, which are arranged in order from the
object side to the image side.

[0109] The first positive lens G1 is formed in a meniscus
form convex to the object side, the first negative lens G2 is
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[0112] An aperture stop STO is arranged between the first
negative lens G2 and the second negative lens G3.

[0113] A coverglass CG is arranged at the object side of the
imaging plane IMG near the imaging plane IMG.

[0114] The imaging plane IMG is formed in a non-planar
shape concave to the object side, for example, a curved sur-
face shape concave to the object side.

[0115] Table 1 represents lens data of a first numerical
example in which a concrete numerical value is applied to the
lens optical unit 1 according to the first embodiment.

TABLE 1
si 1i di ni vi
1 24.762 3.860 1.88202 37.221
(ASP)
2 84.898 1.464 1.84666 23.780
3 32.429 3.200
STO INFINITY 3.600
5 -46.876 3.250 1.82115 24.058
(ASP)
6 ~800.000 0.300
(ASP)
7 -124.049 4756 1.59201 67.023
(ASP)
8 -14.961 25.757
(ASP)
9 INFINITY 1.000 1.51680 64.200
10 INFINITY 4.000
IMG ~70.000
[0116] Table 2 represents the focal length f, the F number

Fno, and the half angle of field w in the first numerical
example.

TABLE 2
f 36.20
Fno 1.86
w 31.75

[0117] In the lens optical unit 1, an object side surface (a
first surface) of the first positive lens G1, both surfaces (a fifth
surface and a sixth surface) of the second negative lens G3,
and both surfaces (a seventh surface and an eighth surface) of
the second positive lens G4 are formed in the aspheric sur-
face. Table 3 represents the conic constant K together with the
4™ order, 6” order, 8" order, and 10 order aspherical coef-
ficients A, B, C, and D of the aspheric surface in the first
numerical example.

TABLE 3

si A B c D

1 0.00000E+00  2.94653E-06  7.27109E-10 2.06435E-10  0.00000E+00
5 0.00000E+00 -1.81306E-04 —-1.92452E-07  -1.79868E-09  0.00000E+00
6 0.00000E+00 -1.58428E-04  6.15336E-07  —1.86090E-09  0.00000E+00
7 0.00000E+00 -6.83309E-05  7.28888E-07  —-2.88958E-09  0.00000E+00
8  0.00000E+00 -4.40698E-07  1.21284E-07 2.62575E-10  0.00000E+00

[0118] FIG. 4 illustrates various aberration diagrams in a

formed in a meniscus form convex to the object side, and a
cemented lens is configured by the first positive lens G1 and
the first negative lens G2.

[0110] The second negative lens G3 is formed in a
cemented lens concave to the object side.

[0111] Thesecond positive lens G4 is formed in a cemented
lens concave to the object side.

state of shooting at infinity in the first numerical example. In
FIG. 4, in a spherical aberration diagram, a solid line repre-
sents a value on a d line (a wavelength of 587.6 nm), and a
dotted line represents a value on a g line (a wavelength of
435.8 nm). Further, in an astigmatism diagram, a solid line
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represents a value on a sagittal image plane, and a dotted line
represents a value on a meridional image plane.

[0119] It can be understood from the respective aberration
diagrams that in the first numerical example, various aberra-
tions are successfully corrected, and thus excellent imaging
performance is obtained.

Second Embodiment

[0120] FIG. 5 illustrates a lens configuration of a lens opti-
cal unit 2 according to a second embodiment of the present
technology.

[0121] The lens optical unit 2 includes a first positive lens
(1, a first negative lens G2, a second negative lens G3, and a
second positive lens G4, which are arranged in order from the
object side to the image side.
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TABLE 5
f 36.45
Fno 2.85
w 32.76

[0130] In the lens optical unit 2, both surfaces (a first sur-
face and a second surface) of the first positive lens G1, both
surfaces (a third surface and a fourth surface) of the first
negative lens G2, and an image side surface (an eighth sur-
face) of the second positive lens G4 are formed in the aspheric
surface. Table 6 represents the conic constant k together with
the 4% order, 6” order, 8" order, and 10? order aspherical
coefficients A, B, C, and D of the aspheric surface in the
second numerical example.

TABLE 6
si K A B C D
1 0.00000E+00 —-6.30497E-05 —-6.72635E-07 -2.13264E-09  0.00000E+00
2 0.00000E+00 —-5.11124E-05 -1.22401E-06  5.27413E-09  0.00000E+00
3 0.00000E+00 3.23238E-04 -3.12676E-06  8.16335E-09  0.00000E+00
4 0.00000E+00 3.80955E-04 -2.00733E-06 -1.00396E-08  0.00000E+00
8  -2.14698E+01 0.00000E+00 —-7.75288E-07 -4.85265E-08  6.04532E-10

[0122] The first positive lens G1 is formed in a meniscus
form convex to the object side.

[0123] The first negative lens G2 is formed in a meniscus
form convex to the object side.

[0124] The second negative lens G3 is formed in a bicon-
cave shape, the second positive lens G4 is formed in a bicon-
vex shape, and a cemented lens is configured by the second
negative lens G3 and the second positive lens G4.

[0125] An aperture stop STO is arranged between the first
negative lens G2 and the second negative lens G3.

[0126] A cover glass CGis arranged at the object side of the
imaging plane IMG near the imaging plane IMG.

[0127] The imaging plane IMG is formed in a non-planar
shape concave to the object side, for example, a curved sur-
face shape concave to the object side.

[0128] Table 4 represents lens data of a second numerical
example in which a concrete numerical value is applied to the
lens optical unit 2 according to the second embodiment.

TABLE 4
si ri di ni vi
1 (ASP) 17.001 2.302 1.72903 54.041
2 (ASP) 37.526 0.860
3 (ASP) 41.071 1.500 1.68893 31.161
4 (ASP) 21.996 3.000
STO INFINITY 3.500
6 -31.783 1.000 175211 25.048
7 51.595 4.800 1.85135 40.100
8 (ASP) -21.470 26.000
9 INFINITY 0.800 1.51680 64.200
10 INFINITY 3.500
IMG ~100.000

[0129] Table 5 represents the focal length £, the F number

Fno, and the half angle of field ® in the second numerical
example.

[0131] FIG. 6 illustrates various aberration diagrams in a
state of shooting at infinity in the second numerical example.
In FIG. 6, in a spherical aberration diagram, a solid line
represents a value on a d line (a wavelength of 587.6 nm), and
a dotted line represents a value on a g line (a wavelength of
435.8 nm). Further, in an astigmatism diagram, a solid line
represents a value on a sagittal image plane, and a dotted line
represents a value on a meridional image plane.

[0132] It can be understood from the respective aberration
diagrams that in the second numerical example, various aber-
rations are successfully corrected, and thus excellent imaging
performance is obtained.

Third Embodiment

[0133] FIG. 7 illustrates a lens configuration of a lens opti-
cal unit 3 according to a third embodiment of the present
technology.

[0134] The lens optical unit 3 includes a first positive lens
(1, a first negative lens G2, a second negative lens G3, and a
second positive lens G4, which are arranged in order from the
object side to the image side.

[0135] The first positive lens G1 is formed in a meniscus
form convex to the object side.

[0136] The first negative lens G2 is formed in a meniscus
form convex to the object side.

[0137] The second negative lens G3 is formed in a bicon-
cave shape, the second positive lens G4 is formed in a bicon-
vex shape, and a cemented lens is configured by the second
negative lens G3 and the second positive lens G4.

[0138] An aperture stop STO is arranged between the first
negative lens G2 and the second negative lens G3.

[0139] A coverglass CG is arranged at the object side of the
imaging plane IMG near the imaging plane IMG.

[0140] The imaging plane IMG is formed in a non-planar
shape concave to the object side, for example, a curved sur-
face shape concave to the object side.
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[0141] Table 7 represents lens data of a third numerical
example in which a concrete numerical value is applied to the
lens optical unit 3 according to the third embodiment.
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[0147] The lens optical unit 4 includes a first negative lens
G1, afirst positive lens G2, a second negative lens G3, and a
second positive lens G4, which are arranged in order from the
object side to the image side.

TABLE 7 [0148] The first negative lens G1 is formed in a meniscus
. . . . . form convex to the object side.
St I di ot Vi [0149] The first positive lens G2 is formed in a biconvex
1 (ASP) 17.844 3.500 1.72903 54.041 shape.
2 (ASP) 76.246 0.850 [0150] The second negative lens G3 is formed in a bicon-
3 (ASP) 61.880 1.850 1.68893 31.161 h
4 (ASP) 19.396 3.600 cave shape. .. . . .
STO INFINITY 3.600 [0151] The second positive lens G4 is formed in a biconvex
6 -59.316 1.200 175211 25.048 shape.
7 113.280 4850 1.77250 49.467 [0152] An aperture stop STO is arranged between the first
8 (ASP) -23.018 22.710 - .
9 INFINITY 0.800 151680 64.200 positive lens G2 and the second negative lens G3.
10 INFINITY 3.800 [0153] A coverglass CG is arranged at the object side of the
IMG ~85.000 imaging plane IMG near the imaging plane IMG.
ging p ging p
[0154] The imaging plane IMG is formed in a non-planar
[0142] Table 8 represents the focal length f, the F number shape concave to the object side, for example, a curved sur-
Fno, and the half angle of field w in third numerical example. face shape concave to the object side.
[0155] Table 10 represents lens data of a fourth numerical
TABLE 8 example in which a concrete numerical value is applied to the
- o1 lens optical unit 4 according to the fourth embodiment.
Fno 2:26
o 31.64 TABLE 10
si ri di ni Vi
[0143] In the lens optical unit 3, both surfaces (a first sur-
face and a second surface) of the first positive lens G1, both i Ei:g; gé% 2;;182 155332 71.685
surfaces (a third surface and a fourth surface) of the first 3 (ASP) 30751 5350 1.80139 45.450
negative lens G2, and an image side surface (an eighth sur- 4 (ASP) -59.549 1.690
face) of the second positive lens G4 are formed in the aspheric STO INFINITY 1.500
- : 6 -59.896 1.400 1.74077 27.761
surface. Table 9 represents the conic constant K together with b 24158 1079
the 4% order, 6” order, 8" order, and 10” order aspherical 3 35.787 3971 L61881 63.855
coefficients A, B, C, and D of the aspheric surface in the third 9 (ASP) -27.363 29.486
numerical example.
TABLE 9
si K A B C D
1 0.00000E+00 -2.53793E-05 -2.32407E-07  3.48950E-10 0.00000E+00
2 0.00000E+00 -1.72633E-05 -6.73790E-08  1.11212E-10 0.00000E+00
3 0.00000E+00  1.82811E-04 -1.42255E-06  2.58381E-09 0.00000E+00
4 0.00000E+00  2.40327E-04 -1.25399E-06 -3.03090E-09 0.00000E+00
8  0.00000E+00 -3.45052E-06 -8.33716E-08  8.30287E-10  —6.34646E-12
[0144] FIG. 8 illustrates various aberration diagrams in a TABLE 10-continued
state of shooting at infinity in the third numerical example. In . . . . .
FIG. 8, in a spherical aberration diagram, a solid line repre- St It di ol Vi
sents a value on a d line (a wavelength of 587.6 nm), and a 10 INFINITY 1.000 1.51680 64.200
dotted line represents a value on a g line (a wavelength of 11 INFINITY 3.700
435.8 nm). Further, in an astigmatism diagram, a solid line IMG -120.000
represents a value on a sagittal image plane, and a dotted line
represents a value on a meridional image plane. [0156] Table 11 represents the focal length f, the F number

[0145] It can be understood from the respective aberration
diagrams that in the third numerical example, various aber-
rations are successfully corrected, and thus excellent imaging
performance is obtained.

Fourth Embodiment

[0146] FIG. 9 illustrates a lens configuration of a lens opti-
cal unit 4 according to a fourth embodiment of the present
technology.

Fno and the half angle of field w in the fourth numerical
example.

TABLE 11
f 29.96
Fno 2.06
w 37.44

[0157] In the lens optical unit 4, both surfaces (a first sur-
face and a second surface) of the first negative lens G1, both
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surfaces (a third surface and a fourth surface) of the first
positive lens G2, and an image side surface (a ninth surface)
of the second positive lens G4 are formed in the aspheric
surface. Table 12 represents the conic constant ¥ together
with the 4% order, 6” order, 8 order, and 10 order aspherical
coefficients A, B, C, and D of the aspheric surface in the fourth
numerical example.
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[0169] The imaging plane IMG is formed in a non-planar
shape concave to the object side, for example, a curved sur-
face shape concave to the object side.

[0170] Table 13 represents lens data of a fifth numerical
example in which a concrete numerical value is applied to the
lens optical unit 5 according to the fifth embodiment.

TABLE 12
si K A B C D
1 0.00000E+00  3.20152E-05  -1.53053E-07  4.06156E-10 -5.19630E-13
2 0.00000E+00  4.66676E-05  —-4.34099E-08 —6.64566E-11  2.56394E-12
3 0.00000E+00 -5.13762E-06  -1.09407E-08 -7.46311E-11  0.00000E+00
4 0.00000E+00  -5.35092E-06  -1.06800E-08 -1.87505E-11  0.00000E+00
9  0.00000E+00  1.29402E-05 1.03050E-08 —-1.44274E-10  0.00000E+00
[0158] FIG. 10 illustrates various aberration diagrams in a TABLE 13
state of shooting at infinity in the fourth numerical example.
In FIG. 10, in a spherical aberration diagram, a solid line si ri di ni Vi
represents a value onadline (a Wavelength of 587.6 nm), and 1 38.585 0.400 1.92286 20,880
a dotted line represents a value on a g line (a wavelength of 2 31.704 1.609 1.49700 81.608
435.8 nm). Further, in an astigmatism diagram, a solid line 3 -63.089 (d3)
represents a value on a sagittal image plane, and a dotted line ‘51 Ei:g; ‘602'§§ ?'288 1.72903 54.041
represents a value on a meridional image plane. 6 31.600 1400 148749 70.441
[0159] It can be understood from the respective aberration 7 -5.827 0.300
diagrams that in the fourth numerical example, various aber- STO INFINITY @®
. . . 9 (ASP) -64.103 1500 1.49710 81.560
rations are suc.cessfu.lly corrected, and thus excellent imaging 10 (ASP) _4.423 (d10)
performance is obtained. 11 -16.931 1.143 1.49700 81.608
12 ~7.590 0.150
. . 13 -17.008 0300  1.88100 40.139
Fifth Embodiment 14 20702 2796
. . 15 (ASP) -5.982 0300  1.61881 63.855
[0160] FIG. 11 illustrates a lens configuration of a lens 16 (ASP) _12.500 (d16)
optical unit 5 according to a fifth embodiment of the present 17 INFINITY 0.500 1.51680 64.200
technology. 18 INFINITY 1.700
. Lo IMG -50.000
[0161] The lens optical unit 5 includes a first lens group
GR1, a second lens group GR2, a third lens group GR3, and . . . .
a fourth lens group GR4, which are arranged in order from the [0171] In the lens optical unit S, when magnification

object side to the image side.

[0162] Here, zoom magnification of the lens optical unit 5
is set to 2.3 times.

[0163] The first lens group GR1 is configured such that a
negative lens G1 of a meniscus form convex to the object side
and a positive lens G2 of a biconvex shape are arranged in
order from the object side to the image side, and a cemented
lens is configured by the negative lens G1 and the positive lens
G2.

[0164] The second lens group GR2 is configured such that
anegative lens G3 ofa biconcave shape and a positive lens G4
of'a biconvex shape are arranged in order from the object side
to the image side.

[0165] The third lens group GR3 is configured with a posi-
tive lens G5 of a meniscus form convex to the image side.
[0166] The fourth lens group GR4 is configured such that a
positive lens G6 of a meniscus form concave to the object
side, a negative lens G7 of a biconcave shape, and a negative
lens G8 of a meniscus form concave to the object side are
arranged in order from the object side to the image side.
[0167] An aperture stop STO is arranged between the sec-
ond lens group GR2 and the third lens group GR3.

[0168] A cover glass CG is arranged between the fourth
lens group GR4 and the imaging plane IMG.

between a wide angle end state and a telephoto end state
changes, a surface interval d3 between the first lens group
GR1 and the second lens group GR2, a surface interval d8
between the aperture stop STO and the third lens group GR3,
a surface interval d10 between the third lens group GR3 and
the fourth lens group GR4, and a surface interval d16 between
the fourth lens group GR4 and the cover glass CG change.
Table 14 represents the focal length f, the F number Fno, and
the half angle of field w together with variable intervals in a
wide angle end state, an intermediate focal length state, and a
telephoto end state of each surface interval in the fifth numeri-
cal example.

TABLE 14
Wide angle Intermediate Telephoto

end focal length end
f 10.79 6.30 24.66
Fno 2.86 4.01 5.45
w 37.80 26.27 17.84
(d3) 0.450 4.105 8.874
(d8) 1.655 1.471 1.301
(d10) 3.782 1.815 0.449
(d16) 0.500 6.163 13.365

[0172] In the lens optical unit 5, both surfaces (a fourth

surface and a fifth surface) of the negative lens G3 of the
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second lens group GR2, both surfaces (a ninth surface and a
tenth surface) of the positive lens G5 of the third lens group
GR3, both surfaces (a fifteenth surface and a sixteenth sur-
face) of the negative lens G8 of the fourth lens group GR4 are
formed in the aspheric surface. Table 15 represents the conic
constant ¥ together with the 47 order, 67 order, 8" order, and
10™ order aspherical coefficients A, B, C, and D of the
aspheric surface in the fifth numerical example.
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TABLE 17-continued

Lens optical

unit 5
Conditional expression (3) 0, (Wide angle end) 42.23
0, (telephoto end) 22.74

TABLE 15

si K A B c D

4 0.00000E+00  -146170E-03  1.45761E-05 -1.82402E-08 0.00000E+00

5 0.00000E+00 1.13942E-03  9.18269E-05  3.19685E-06 0.00000E+00

9  0.00000E+00  -1.12787E-04 -2.90212E-05  2.67967E-06 0.00000E+00
10 0.00000E+00 9.14482E-04 -1.66455E-05  4.06889E-06 0.00000E+00
15 0.00000E+00  —6.24824E-04 -2.83131E-05  3.01294E-06  —1.41809E-07
16 -6.19521E-01  —8.01398E-04  2.15819E-05 -3.34605E-07 0.00000E+00
[0173] FIGS. 12 and 13 illustrate various aberration dia-

grams in a state of shooting at infinity in the fifth numerical
example. FIG. 12 illustrates various aberration diagrams in a
wide angle end state, and FIG. 13 illustrates various aberra-
tion diagrams in a telephoto end state.

[0174] In FIGS. 12 and 13, in a spherical aberration dia-
gram, a solid line represents a value on a d line (a wavelength
of' 587.6 nm), and a dotted line represents a value on a g line
(a wavelength of 435.8 nm). Further, in an astigmatism dia-
gram, a solid line represents a value on a sagittal imaging
plane, and a dotted line represents a value on a meridional
imaging plane.

[0175] It can be understood from the respective aberration
diagrams that in the fifth numerical example, various aberra-
tions are successfully corrected, and thus excellent imaging
performance is obtained.

[0176] [Values of Conditional Expressions of Lens Optical
Unit]
[0177] Next, values of the conditional expressions of the

lens optical unit according to the present technology will be
described.

[0178] Table 16 represents values of the conditional expres-
sions (1) to (4) in the lens optical units 1 to 4.

TABLE 17-continued

Lens optical

unit 5
Conditional expression (4) Ring/fins(Wide angle end) -4.633
Rg/Tiny (telephoto end) -2.028

[0180] As can be seen from Tables 16 and 17, the lens
optical units 1 to 5 satisfy the conditional expressions (1) to
4).

[0181]

[0182] An imaging device of the present technology has a
lens optical unit in which at least one lens R is arranged at an
object side of a solid-state image sensor, and an imaging plane
IMG of the solid-state image sensor has a non-planar shape
that causes a sag amount d in an optical axis direction to
increase as a distance from an optical axis increases as illus-
trated in FIG. 1. A cover glass CG is arranged at the object
side of the imaging plane IMG.

[0183] FIG. 1 illustrates the example in which the imaging
plane IMG is formed in the non-planar shape concave to the

[Configuration of Imaging Device]

TABLE 16
Lens optical ~ Lens optical Lens optical Lens optical

unit 1 unit 2 unit 3 unit 4
Conditional px Sag >0 >0 >0 >0
expression (1)
Conditional p -0.0175 -0.0134 -0.0154 -0.0121
expression (2)
Conditional 6,ax 9.58 17.74 16.91 17.10
expression (3)
Conditional Rimg/Tins -1.934 -2.743 -2.354 -4.006

expression (4)

[0179] Table 17 represents values of the conditional expres-
sions (1) to (4) in the lens optical unit 5.

TABLE 17
Lens optical
unit 5
Conditional expression (1) p x Sag >0
Conditional expression (2) P -0.0214

object side. However, the imaging plane IMG may be formed
in a non-planar shape which is convex to the object side as
illustrated in FIG. 2.

[0184] The imaging plane IMG may not have the shape that
is rotationally symmetric about the optical axis and may not
have a spherical shape.

[0185] When the lens optical unit has the above configura-
tion, even when a large field curvature aberration occurs in the
lens optical unit, it is possible to match an imaging plane with
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an image plane at which an optimal resolution of an optical
image is obtained, and thus the excellent resolution can be
secured in the entire screen from the center of an image or a
video to the most peripheral part (the outermost circumfer-
ential part).

[0186] Further, in the imaging device according to the
present technology, the lens optical unit is configured to sat-
isfy the following conditional expression (1).

pxSag>0 M
[0187]
by

p: Petzval curvature of an optical unit represented

[0188] r,: curvature radius of a k? lens surface from the
object side

[0189] n,: refractive index of a medium before being inci-
dent on the k” lens surface from the object side

[0190] n';: refractive index of a medium after being emitted
from the k™ lens surface from the object side

[0191] Sag: sagamount (animage side direction is positive)
in the optical axis direction related to a given point other than
the optical axis in the imaging plane

[0192] The conditional expression (1) is a formula to
specify a state of the field curvature aberration taken by the
lens optical unit and an optimal condition of the non-planar
shape taken by the imaging plane of the solid-state image
sensor.

[0193] Here, when the conditional expression (1) is too
small and falls below a lower limit, a direction of the field
curvature of the lens optical unit and a direction of the shape
of'the imaging plane of the solid-state image sensor change in
opposite directions to each other, and thus fatal degradation in
the image quality is caused.

[0194] Thus, when the lens optical unit satisfies the condi-
tional expression (1), the direction of the field curvature of the
lens optical unit and the direction of the shape of the imaging
plane of the solid-state image sensor do not change in the
opposite directions to each other, and thus the field curvature
aberration is successfully corrected, and the image quality is
improved.

[0195] Further, in the imaging device of the present tech-
nology, in the lens optical unit, the imaging plane IMG is
formed in the non-planar shape in which the sag amount d in
the optical axis direction increases as the distance from the
optical axis increases, and as the conditional expression (1) is
satisfied, the restriction of an incident light ray on the imaging
plane IMG is reduced, and thus the number of lenses can be
reduced.

[0196] Thus, size reduction can be implemented, and high
optical performance can be secured.

[0197] [Embodiment of Imaging Device]

[0198] FIG. 14 is a block diagram of a digital still camera
according to an embodiment of an imaging device of the
present technology.

[0199] The imaging device (digital still camera) 100
includes a camera block 10 which undertakes an imaging
function, a camera signal processing unit 20 that performs
signal processing such as analog-to-digital conversion on a
captured image signal, and an image processing unit 30 that
performs a recording/reproducing process on the image sig-
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nal. The imaging device 100 further includes a liquid crystal
display (LCD) 40 that displays a captured image and the like,
a reader/writer (R/W) 50 that reads/writes the image signal
from/in a memory card 1000, a central processing unit (CPU)
60 that controls the entirety of the imaging device, an input
unit 70 that includes various kinds of switches through which
a necessary operation is performed by the user, and a lens
driving control unit 80 that controls driving of a lens arranged
in the camera block 10.

[0200] The camera block 10 is configured with an optical
unit including a lens optical unit 11 (the lens optical units 1 to
5 to which the present technology is applied), an imaging
element 12 of a charge coupled device (CCD) type, a comple-
mentary metal-oxide semiconductor (CMOS) type, or the
like, and the like.

[0201] The camera signal processing unit 20 performs vari-
ous kinds of signal processing such as processing of convert-
ing an output signal from the imaging element 12 into a digital
signal, noise reduction, image quality correction, and conver-
sion into a brightness/color-difference signal.

[0202] The image processing unit 30 performs a compres-
sion coding/decompression decoding process of an image
signal, a conversion process of a data specification such as the
resolution, and the like, based on a predetermined data for-
mat.

[0203] The LCD 40 has a function of displaying an opera-
tion state in which the user operates the input unit 70, various
kinds of data such as a captured image, and the like.

[0204] The R/W 50 writes image data encoded by the
image processing unit 30 in the memory card 1000 and reads
image data recorded in the memory card 1000.

[0205] The CPU 60 serves as a control processing unit that
controls the respective circuit blocks disposed in the imaging
device 100, and controls the respective circuit blocks based
on an instruction input signal from the input unit 70.

[0206] For example, the input unit 70 includes a shutter
release button to perform a touch operation, a selection switch
to select an operation mode, and the like, and outputs the
instruction input signal corresponding to the user’s operation
to the CPU 60.

[0207] The lens driving control unit 80 controls, for
example, a motor (not shown) that drives each lens of the lens
optical unit 11 based on a control signal from the CPU 60.

[0208] For example, the memory card 1000 is a removable

semiconductor memory which is attachable to a slot con-
nected to the R/'W 50.

[0209] Next, an operation of the imaging device 100 will be
described.
[0210] In a shooting standby state, under control of the

CPU 60, an image signal captured by the camera block 10 is
output to the LCD 40 via the camera signal processing unit
20, and then displayed as a camera-through image. At this
time, when an instruction input signal for zooming is input
from the input unit 70, the CPU 60 outputs a control signal to
the lens driving control unit 80, and a predetermined lens of
the lens optical unit 11 moves based on control of the lens
driving control unit 80.

[0211] Further, when a shutter (not shown) of the camera
block 10 operates in response to an instruction input signal
from the input unit 70, a captured image signal is output from
the camera signal processing unit 20 to the image processing
unit 30 and is then converted into digital data of a predeter-
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mined data format by a compression coding process. The
converted data is output to the R/W 50, and then written in the
memory card 1000.

[0212] Focusing is performed such that the lens driving
control unit 80 moves a predetermined lens of the lens optical
unit 11 based on the control signal from the CPU 60, for
example, when the shutter release button of the input unit 70
is pressed halfway or when the shutter release button is fully
pressed for recording (shooting).

[0213] Further, when image data recorded in the memory
card 1000 is reproduced, the R/W 50 reads predetermined
image data from the memory card 1000 in response to an
operation on the input unit 70, and the read image data is
subjected to a decompression decoding process by the image
processing unit 30 and then output to the LCD 40 as a repro-
ducing image signal, so that a reproduced image is displayed
on the LCD 40.

[0214] The above embodiments have been described in
connection with the example in which the imaging device is
applied to the digital still camera. However, an application of
the imaging device is not limited to the digital still camera,
and can be widely applied as a camera part of a digital input/
output device such as digital video cameras, mobile tele-
phones with built-in cameras, and personal digital assistants
(PDA) with built-in cameras.

[0215] [Others]

[0216] Intheimaging device of the present technology and
the lens optical unit according to the present technology, a
lens substantially having no lens power may be additionally
arranged, or a lens group including this lens may be addition-
ally arranged. In this case, the imaging device of the present
technology and the lens optical unit according to the present
technology may be configured with lens groups which are
equal in number to the substantially added number including
the additionally arranged lens group.

[0217] [The Present Technology]

[0218] Additionally, the present technology may also be
configured as below.

<1> A lens optical unit, comprising:

[0219] at least one lens that is arranged at an object side of
a solid-state image sensor,

[0220] wherein an imaging plane of the solid-state image
sensor has a non-planar shape that causes a sag amount in an
optical axis direction to increase as a distance from an optical
axis increases, and a conditional expression (1) is satisfied:

pxSag>0 (€8]

[0221] , where p represents a Petzval curvature of an optical
unit represented by

[0222] r, represents a curvature radius of a k” lens surface
from the object side,

[0223] n, represents a refractive index of a medium before
being incident to the k? lens surface from the object side,
[0224] n', represents a refractive index of a medium after
being emitted from the k™ lens surface from the object side,
and

[0225] Sag represents a sag amount (an image side direc-
tion is positive) in the optical axis direction related to a given
point other than the optical axis on the imaging plane.
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<2> The lens optical unit according to <1>,
[0226] wherein a conditional expression (2) is satisfied:

p<0. @

<3> The lens optical unit according to <1> or <2>,

[0227] wherein the non-planar shape of the imaging plane
in the solid-state image sensor is a curved surface shape that
is rotationally symmetric about the optical axis.

<4>The lens optical unit according to any one of <1>to <3>,
[0228] wherein an angle at which a main light ray having a
maximum angle of field is incident to the imaging plane in a
state of shooting at infinity in an entire zoom area satisfies a
conditional expression (3):

0, <45° 3)

m.

[0229] , where 0,,,, represents an angle at which a main
light ray having a maximum angle of field is incident to the
imaging plane (vertical incidence is set to 0°).

<5> The lens optical unit according to <3> or <4>,

[0230] wherein the entire imaging plane of the solid-state
image sensor has a spherical shape with the same curvature.
<6>The lens optical unit according to any one of <1>to <5>,
[0231] wherein the imaging plane of the solid-state image
sensor and a focal length of the optical unit satisty a condi-
tional expression (4):

=5.0<R;, /finf~~1.0 4

, wWhere R, represents a curvature radius of the imaging
plane of the solid-state image sensor, and

[0232] {, .representsa focal length of the optical unit at the
time of focusing at infinity.

<7>The lens optical unit according to any one of <1>to <6>,
[0233] wherein a total of four lenses including two positive
lenses and two negative lenses are arranged as the lens.
<8>The lens optical unit according to any one of <1>to <7>,
[0234] wherein a lens closest to an image side is a concave
meniscus lens having a shape which is convex toward the
image side.

<9>The lens optical unit according to any one of <1>to <8>,
[0235] wherein an aspheric surface is formed on a lens
surface closest to the image side.

<10> An imaging device, comprising:

[0236] a lens optical unit; and

[0237] a solid-state image sensor that converts an optical
image formed by the lens optical unit into an electrical signal,
[0238] wherein the lens optical unit includes at least one
lens arranged at an object side of the solid-state image sensor,
[0239] animaging plane of the solid-state image sensor has
anon-planar shape that causes a sag amount in an optical axis
direction to increase as a distance from an optical axis
increases, and a conditional expression (1) is satisfied:

pxSag>0 (€8]

[0240] ,where p represents a Petzval curvature of an optical
unit represented by

[0241] r, represents a curvature radius of a k” lens surface
from the object side,

[0242] n, represents a refractive index of a medium before
being incident to the k™ lens surface from the object side,
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[0243] n', represents a refractive index of a medium after
being emitted from the k™ lens surface from the object side,
and
[0244] Sag represents a sag amount (an image side direc-
tion is positive) in the optical axis direction related to a given
point other than the optical axis in the imaging plane.
<11>The lens optical unit according to any one of <1>to <9>
or the imaging device according to <10>, further comprising
a lens that substantially has no lens power.
[0245] The shape of each component and a numerical value
mentioned in the above embodiments is merely one example
of an implementation for embodying the present technology,
and is not intended to cause the technical scope of the present
technology to be interpreted in a limited way.
[0246] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
What is claimed is:
1. A lens optical unit, comprising:
at least one lens, arranged at an object side of a solid-state
image sensor, wherein
an imaging plane of the solid-state image sensor is closest
to an image side, convex toward the image side and has
a non-planar shape that causes a distance to the object
side in an optical axis direction to decrease as a distance
from an optical axis increases.
2. The lens optical unit according to claim 1, wherein
a conditional expression (1) is satisfied:

p<0 M

where p represents a Petzval curvature of an optical unit
represented by p:

3. The lens optical unit according to claim 1, wherein

the non-planar shape of the imaging plane in the solid-state
image sensor is a curved surface shape that is rotation-
ally symmetric around the optical axis.

4. The lens optical unit according to claim 1, wherein

an angle at which a main light ray having a maximum angle
of field is incident to the imaging plane in a state of
shooting at infinity in an entire zoom area satisfies a
conditional expression (2):

0,0, <45° @

e

where 0, represents an angle at which a main light ray

having a maximum angle of field is incident to the imag-
ing plane.
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5. The lens optical unit according to claim 3, wherein

the entire imaging plane of the solid-state image sensor has
a spherical shape with the same curvature.

6. The lens optical unit according to claim 1, wherein

the imaging plane of the solid-state image sensor and a
focal length of the optical unit satisfy a conditional
expression (3):

-5.0<Rypfin<=1.0 3)

where R, represents a focal length of the optical unit at
the time of focusing at infinity.

7. The lens optical unit according to claim 1, wherein

a total of four lenses including two positive lenses and two
negative lenses are arranged as the lens.

8. The lens optical unit according to claim 1, wherein

a lens closest to an image side is a concave meniscus lens
having a shape which is convex toward the image side.

9. The lens optical unit according to claim 1, wherein

an aspheric surface is formed on a lens surface closest to
the image side.

10. An imaging device, comprising:

a lens optical unit; and

a solid-state image sensor that converts an optical image
formed by the lens optical unit into an electrical signal;
wherein

the lens optical unit includes at least one lens, arranged at
an object side of the solid-state image sensor,

an imaging plane of the solid-state image sensor is closest
to an image side, convex toward the image side and has
a non-planar shape that causes a distance to the object
side in an optical axis direction to decrease as a distance
from an optical axis increases.

11. The imaging device according to claim 10, further

comprising:

an imaging processing unit.

12. The imaging device according to claim 11, wherein

the imaging processing unit performs a compression cod-
ing and decompression decoding process of an image
signal.

13. The imaging device according to claim 10, further

comprising:

a camera signal processing unit configured to perform sig-
nal processing, including converting an output signal
from the image sensor into a digital signal, a noise reduc-
tion signal, an image quality correction signal or a
brightness or color-difference signal.

14. The imaging device according to claim 10, further

comprising:

a display configured to display an image captured by the
image sensor.

15. The imaging device according to claim 10, further

comprising:

an input unit performing shutter release.

#* #* #* #* #*



