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IMAGING LENS AND IMAGING APPARATUS

FIELD

[0001] The present disclosure relates to an imaging lens
and an imaging apparatus. More particularly, the present dis-
closure relates to a technical field of an imaging lens which is
suitable for a small sized apparatus such as a digital still
camera or a mobile phone mounted with a camera including
an imaging device, and an imaging apparatus including the
imaging lens.

BACKGROUND

[0002] A mobile phone with an attached camera, a digital
still camera or the like including an imaging device (solid
state imaging device) such as a CCD (Charge Coupled
Device) ora CMOS (Complementary Metal Oxide Semicon-
ductor) has been used as an imaging apparatus.

[0003] In such an imaging apparatus, there is demand for
miniaturization. Further, in an imaging lens mounted in the
imaging apparatus, there is also demand for a small size and
a short total optical length.

[0004] Further, in recent years, in a small sized imaging
apparatus such as a mobile phone with an attached camera, as
miniaturization has been facilitated and a high pixel density
imaging device has been developed, imaging apparatus mod-
els mounted with an imaging device of a high pixel density
which is equivalent to a digital still camera have become
widespread. Thus, a high pixel density lens performance cor-
responding to the high pixel density imaging device is
demanded in an imaging lens to be mounted.

[0005] Further, in order to prevent deterioration of image
quality due to noise in photographing in dark places, there is
demand for a lens with a bright F-number.

[0006] Under these circumstances, in the related art, the
following imaging lenses have been proposed (for example,
JP-A-2004-4566, JP-A-2002-365530, JP-A-2002-365531,
JP-A-2006-293324, JP-A-2007-219079, and JP-A-2009-
69163).

SUMMARY

[0007] Animaginglens disclosed in JP-A-2004-4566 has a
three-lens structure and a short total optical length is advan-
tageous. However, with the three-lens structure, it is difficult
to satisty the demand for a high resolution lens due to the high
pixel density imaging device as described above and of small
chromatic aberration, and to secure excellent optical perfor-
mance corresponding to an imaging device with a high pixel
density.

[0008] An imaging lens disclosed in JP-A-2002-365530
and JP-A-2002-365531 has a four-lens structure and is
capable of reliably correcting various aberrations, but has a
long total optical length and thus does not satisfy the demand
for miniaturization. Further, since the positive refractive
power of the first lens and the negative refractive power of the
second lens are strong, the eccentric sensitivity is high and
assembly efficiency is lowered, which may result in deterio-
ration of optical performance.

[0009] An imaging lens disclosed in JP-A-2006-293324
has a four-lens structure and has a high aberration correction
capability, but has a long total optical length and thus does not
satisfy the demand for miniaturization. Further, since a third
lens has a convex shape on both sides, it is difficult to correct
aberration. Further, ghosting may occur when peripheral light
beams are totally reflected, which may result in deterioration
of optical performance to lower image quality.
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[0010] An imaging lens disclosed in JP-A-2007-219079
has a four-lens structure and is capable of reliably correcting
various aberrations, and particularly, field curvature, buthas a
long total optical length and thus does not satisfy the demand
for miniaturization. Further, since the second lens is formed
in a concave meniscus shape in which a convex portion is
directed toward the object side, ghosting may occur, which
may result in deterioration of optical performance so as to
lower image quality. Further, since the refractive power of the
second lens is weak, chromatic aberration is not sufficiently
corrected, which may cause deterioration of optical perfor-
mance. In addition, since the positive refractive power of the
third lens and a negative refractive power of the fourth lens are
strong, the eccentric sensitivity between the first lens and the
second lens is high and assembly efficiency is lowered, which
may result in deterioration of optical performance. Further-
more, reflection ghosting occurring in a peripheral section of
the fourth length may enter an imaging device, which may
result in deterioration of optical performance so as to lower
image quality.

[0011] Animaging lens disclosed in JP-A-2009-69163 has
a four-lens structure and has a high aberration correction
capability, but has a long total optical length and thus does not
satisfy the demand for miniaturization. Further, since the
refractive power of the second lens is weak, chromatic aber-
ration is not sufficiently corrected, which may cause deterio-
ration of optical performance. Further, since the positive
refractive power of the third lens and the negative refractive
power of the fourth lens are strong, the eccentric sensitivity
between the first lens and the second lens is high and assem-
bly efficiency is lowered, which may result in deterioration of
optical performance. Furthermore, reflection ghosting occur-
ring in a peripheral section of the fourth length may enter an
imaging device, which may result in deterioration of optical
performance to lower image quality.

[0012] Accordingly, it is desirable to provide an imaging
lens and an imaging apparatus which are capable of securing
an excellent optical performance corresponding to a high
pixel density imaging device and of achieving miniaturiza-
tion.

[0013] Anembodiment ofthe present disclosure is directed
to an imaging lens including an aperture stop, a first lens
having a positive refractive power, a second lens having a
negative refractive power which is formed in a concave shape
on both sides thereof, a third lens having a positive refractive
power which is formed in a meniscus shape in which a con-
cave surface is directed toward the object side, and a fourth
lens having a negative refractive power in which a convex
surface is directed toward the object side, which are sequen-
tially disposed from the object side to the image side. Here,
the imaging lens satisfies the following conditional expres-
sions (1), (2), (3), (4) and (5):

0.40<£1/121<0.80 M
0.80<|21//3<1.50 @
0.90<f7|/41<2.00 ©)
2.60<I(R2-R3)/f11<4.00 @
vdl-vd2>25 ®

where f1 is the focal length of the first lens, {2 is the focal
length of the second lens, 13 is the focal length of the third
lens, 14 is the focal length of the fourth lens, f is the focal
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length of an entire lens system, R2 is a paraxial curvature
radius of a surface on the object side of the first lens, R3 is a
paraxial curvature radius of a surface on the image side of the
first lens, vd1 is the Abbe number of the first lens, and vd2 is
the Abbe number of the second lens.

[0014] With this configuration, focal lengths are appropri-
ately distributed between the first lens having the positive
refractive power, the second lens having the negative refrac-
tive power, the third lens having the positive refractive power
and the fourth lens having the negative refractive power, in the
imaging lens.

[0015] Inthe above-described imaging lens, it is preferable
that the imaging lens satisty the following conditional expres-
sion (6):

0.30<I(R6-RT)/f31<1.50 6

where R6 is a paraxial curvature radius of the surface on the
object side of the third lens, and R7 is a paraxial curvature
radius of a surface on the image side of the third lens.
[0016] As the imaging lens satisfies the conditional expres-
sion (6), the size of the paraxial curvature radii of the surface
onthe object side of the third lens and the surface on the image
side thereof become optimal, and the difference between the
paraxial curvature radii of the surface on the object side of the
third lens and the surface on the image side thereof is pre-
vented from being large.

[0017] Inthe above-described imaging lens, it is preferable
that the aperture stop be disposed between the top of the
surface on the object side of the first lens and the effective
diameter thereof.

[0018] As the aperture stop be disposed between the top of
the surface on the object side of the first lens in the optical axis
direction and the effective diameter thereof, the amount of
peripheral light entering the first lens is increased.

[0019] Inthe above-described imaging lens, it is preferable
that the imaging lens satisty the following conditional expres-
sion (7):

3.00<|/41/D8<7.00 M

where DS is a center thickness of the fourth lens.

[0020] As the imaging lens satisfies the conditional expres-
sion (7), the center thickness of the fourth lens becomes
optimal.

[0021] Inthe above-described imaging lens, it is preferable
that the imaging lens satisty the following conditional expres-
sion (8):

1.00<R4/f2<30.00

where R4 is a paraxial curvature radius of a surface on the
object side of the second lens.

[0022] As the imaging lens satisfies the conditional expres-
sion (8), the size of the paraxial curvature radius of the surface
on the object side of the second lens becomes optimal.
[0023] Another embodiment of the present disclosure is
directed to an imaging apparatus including an imaging lens
and an imaging device which converts an optical image
formed by the imaging lens into an electrical signal. The
imaging lens includes an aperture stop, a first lens having a
positive refractive power, a second lens having a negative
refractive power which is formed in a concave shape on both
sides thereof, a third lens having a positive refractive power
which is formed in a meniscus shape in which a concave
surface is directed toward the side of an object, and a fourth
lens having a negative refractive power in which a convex
surface is directed toward the object side, which are sequen-
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tially disposed from the object side to the image side. The
imaging lens satisfies the following conditional expressions

(D) (2), 3), (4) and (5):

0.40<£1/121<0.80 M
0.80<|f21/f3<1.50 @
0.90<f7|/41<2.00 ©)
2.60<I(R2-R3)/f11<4.00 @
vdl-vd2>25 ®

where f1 is the focal length of the first lens, {2 is the focal
length of the second lens, 13 is the focal length of the third
lens, 14 is the focal length of the fourth lens, f is the focal
length of an entire lens system, R2 is a paraxial curvature
radius of a surface on the object side of the first lens, R3 is a
paraxial curvature radius of a surface on the image side of the
first lens, vd1 is the Abbe number of the first lens, and vd2 is
the Abbe number of the second lens.

[0024] With this configuration, focal lengths are appropri-
ately distributed between the first lens having the positive
refractive power, the second lens having the negative refrac-
tive power, the third lens having the positive refractive power
and the fourth lens having the negative refractive power, in the
imaging lens of the imaging apparatus.

[0025] According to the imaging lens and the imaging
apparatus of the embodiment of the present disclosure, it is
possible to secure an excellent optical performance corre-
sponding to an imaging device of a high pixel density and to
achieve miniaturization.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram illustrating a lens configuration
of'an imaging lens according to a first embodiment;

[0027] FIG. 2 is a diagram illustrating spherical aberration,
astigmatism and distortion of a value example obtained by
applying specific values to the first embodiment;

[0028] FIG. 3 is a diagram illustrating a lens configuration
of an imaging lens according to a second embodiment;
[0029] FIG. 4 is a diagram illustrating spherical aberration,
astigmatism and distortion of a value example obtained by
applying specific values to the second embodiment;

[0030] FIG. 5 is a diagram illustrating a lens configuration
of'an imaging lens according to a third embodiment;

[0031] FIG. 6 is a diagram illustrating spherical aberration,
astigmatism and distortion of a value example obtained by
applying specific values to the third embodiment;

[0032] FIG. 7 is a diagram illustrating a lens configuration
of'an imaging lens according to a fourth embodiment;
[0033] FIG. 8 is a diagram illustrating spherical aberration,
astigmatism and distortion of a value example obtained by
applying specific values to the fourth embodiment;

[0034] FIG. 9 is a diagram illustrating a lens configuration
of an imaging lens according to a fifth embodiment;

[0035] FIG. 10 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the fiftth embodiment;

[0036] FIG.11is a diagram illustrating a lens configuration
of an imaging lens according to a sixth embodiment;

[0037] FIG. 12 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the sixth embodiment;
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[0038] FIG.13isadiagram illustrating a lens configuration
of an imaging lens according to a seventh embodiment;
[0039] FIG. 14 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the seventh embodiment;
[0040] FIG.15isadiagram illustrating a lens configuration
of an imaging lens according to an eighth embodiment;
[0041] FIG. 16 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the eighth embodiment;
[0042] FIG.17isadiagram illustrating a lens configuration
of an imaging lens according to a ninth embodiment;

[0043] FIG. 18 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the ninth embodiment;

[0044] FIG.19isadiagram illustrating a lens configuration
of an imaging lens according to a tenth embodiment;

[0045] FIG. 20 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of a value example obtained
by applying specific values to the tenth embodiment;

[0046] FIG. 21 is a perspective view illustrating a mobile
phone in a closed state to which an imaging apparatus accord-
ing to another embodiment of the present disclosure is
applied, which will be more apparent in cooperation with
FIGS. 22 and 23;

[0047] FIG. 22 is a perspective view illustrating the mobile
phone in an open state; and

[0048] FIG. 23 is a block diagram thereof.
DETAILED DESCRIPTION
[0049] Hereinafter, preferred embodiments for an imaging

lens and an imaging apparatus of the present disclosure will
be described.

[Configuration of Imaging Lens]

[0050] The imaging lens according to the embodiment of
the present disclosure includes an aperture stop, a first lens
having a positive refractive power, a second lens having a
negative refractive power which is formed in a concave shape
on both sides thereof, a third lens having a positive refractive
power which is formed in a meniscus shape in which a con-
cave surface is directed toward the side of an object, and a
fourth lens having a negative refractive power in which a
convex surface is directed toward the object side, which are
sequentially disposed from the object side to the image side.
[0051] Accordingly, the positive, negative, positive and
negative refractive powers are disposed in the imaging lens, to
form an arrangement configuration in which the positive
refractive power proceeds.

[0052] By forming the second lens in the concave shape on
both sides, total reflection ghosting due to off-axis light
beams diffuses in a peripheral portion of the lens, so that the
ghosting light is prevented from being incident to an imaging
device such as a CCD or CMOS, which is effective in correc-
tion of coma aberration.

[0053] Forming the third lens in the meniscus shape having
the positive refractive power is effective in aberration correc-
tion, and particularly, is effective in field curvature and astig-
matism correction.

[0054] By forming the fourth lens having the negative
refractive power in the shape of which the convex surface is
directed toward the object side, ghosting light which enters a
peripheral portion of the fourth lens is prevented from being
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incident to the imaging device such as a CCD or CMOS by
being reflected from the surface thereof on the object side.
[0055] Further, the imaging lens according to the embodi-
ment of the present disclosure satisfies the following condi-
tional expressions (1), (2), (3), (4) and (5).

0.40<£1/]f21<0.80 M
0.80<|21/3<1.50 o))
0.90<f7|/41<2.00 ©)
2.60<I(R2-R3)/f11<4.00 @
vdl-vd2>25 ®

[0056] Here, f1 is the focal length of the first lens, 12 is the

focal length of the second lens, 13 is the focal length of the
third lens, f4 is the focal length of the fourth lens, f'is the focal
length of an entire lens system, R2 is a paraxial curvature
radius of a surface on the object side of the first lens, R3 is a
paraxial curvature radius of a surface on the image side of the
first lens, vd1 is the Abbe number of the first lens, and vd2 is
the Abbe number of the second lens.

[0057] The conditional expression (1) is a conditional
expression relating to an appropriate refractive power distri-
bution of the second lens in the refractive power of the first
lens. The reason why the absolute value is used in the focal
length of the second lens is because the second lens has the
negative refractive power. By setting the first lens and the
second lens to have the refractive power arrangement shown
in the conditional expression (1), it is possible to obtain an
excellent aberration correction effect.

[0058] Iffl/If2]is beyond the upper limit of the conditional
expression (1), the refractive power of the second lens
becomes excessively strong, and it is thus difficult to correct
off-axis aberration, and particularly to correct astigmatism
and field curvature, which consequently lowers assembly
efficiency at the time of manufacturing.

[0059] Ontheotherhand, iff1/1f2] is beyond the lower limit
of the conditional expression (1), the refractive power of the
second lens becomes excessively weak, and it is thus disad-
vantageous in terms of reduction of the total optical length,
which is disadvantageous in terms of miniaturization. Fur-
ther, it is disadvantageous in terms of correction of chromatic
aberration, which makes it difficult to secure an excellent
optical performance suitable for an imaging device of a high
pixel density.

[0060] For this reason, the imaging lens satisfies the con-
ditional expression (1), and thus, it is possible to achieve
miniaturization and to secure an excellent optical perfor-
mance suitable for an imaging device of a high pixel density.
[0061] The conditional expression (2) is a conditional
expression relating to an appropriate refractive power distri-
bution of the third lens in the refractive power of the second
lens. The reason why the absolute value is used in the focal
length of the second lens is because the second lens has the
negative refractive power.

[0062] IfIf2I/13 is beyond the upper limit of the conditional
expression (2), the refractive power of the third lens becomes
excessively strong, and it is thus difficult to correct off-axis
aberration, and particularly to correct astigmatism and field
curvature, which consequently lowers assembly efficiency at
the time of manufacturing.
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[0063] Onthe otherhand, if [f21/f3 is beyond the lower limit
of the conditional expression (2), the refractive power of the
third lens becomes excessively weak, and it is thus disadvan-
tageous in terms of reduction of the total optical length, which
is disadvantageous in terms of miniaturization.

[0064] For this reason, the imaging lens satisfies the con-
ditional expression (2), and thus, it is possible to achieve
miniaturization and to secure an excellent aberration correc-
tion performance to thereby secure an excellent optical per-
formance.

[0065] The conditional expression (3) is a conditional
expression relating to an appropriate refractive power distri-
bution of the fourth lens in the refractive powers of the lenses
of the entire system. The reason why the absolute value is
used in the focal length of the fourth lens is because the fourth
lens has the negative refractive power.

[0066] If{f/If4] is beyond the upper limit of the conditional
expression (3), the refractive power of the fourth lens
becomes excessively strong, and it is thus difficult to correct
off-axis aberration, and particularly to correct field curvature
and distortion, which consequently lowers assembly effi-
ciency at the time of manufacturing.

[0067] On the other hand, if /14| is beyond the lower limit
of the conditional expression (3), the refractive power of the
fourth lens becomes excessively weak, and it is thus disad-
vantageous in terms of reduction of the total optical length,
which results in deterioration of miniaturization.

[0068] For this reason, the imaging lens satisfies the con-
ditional expression (3), and thus, it is possible to achieve
miniaturization and to secure an excellent aberration correc-
tion performance to thereby secure an excellent optical per-
formance.

[0069] The conditional expression (4) is a conditional
expression relating to the respective paraxial curvature radii
of the surface on the object side of the first lens and of the
surface of the image side of the first lens, and the refractive
power of the first lens.

[0070] If I(R2-R3)/f1l is beyond the upper limit of the
conditional expression (4), the refractive power of the first
lens becomes excessively weak, and it is thus disadvanta-
geous in terms of reduction of the total optical length, which
is disadvantageous in terms of miniaturization.

[0071] On the other hand, if I((R2-R3)/f1l is beyond the
lower limit of the conditional expression (4), the paraxial
curvature radius difference between the surface on the object
side of the first lens and the surface of the image side thereof
becomes excessively small, and it is thus difficult to correct
aberration, and particularly to correct spherical aberration
and coma aberration through the lenses disposed on the image
side with reference to the first lens.

[0072] For this reason, the imaging lens satisfies the con-
ditional expression (4), and thus, it is possible to achieve
miniaturization and to secure an excellent aberration correc-
tion performance to thereby secure an excellent optical per-
formance.

[0073] The conditional expression (5) is a conditional
expression for regulating Abbe numbers in the short wave-
length of the d-line of the first lens and the second lens.
[0074] By using a glass material in which the Abbe number
is in the range of the conditional expression (5) as the first lens
and the second lens, it is possible to perform an excellent
chromatic aberration correction. Further, it is possible to sup-
press occurrence of peripheral coma aberration and field cur-
vature.
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[0075] As described above, since the imaging lens accord-
ing to the embodiment of the present disclosure satisfies the
conditional expressions (1), (2), (3), (4) and (5), the distribu-
tion of the focal lengths of the first lens having the positive
refractive power, the second lens having the negative refrac-
tive power, the third lens having the positive refractive power
and the fourth lens having the negative refractive power is
appropriately performed.

[0076] Accordingly, it is possible to realize an imaging lens
in which axial chromatic aberration, spherical aberration and
field curvature are reliably corrected, whose total optical
length is reduced, and which achieves an excellent optical
performance.

[0077] Specifically, it is possible to realize an imaging lens
in which the focal length is 26 mm to 35 mm in the 35 mm
version, the value of the F-number is 2.1 to 2.6, and a total
optical length with respect to a diagonal length (length from
the center of the imaging device to an opposing angle) of the
imaging device is 1.4 to 2.0.

[0078] As described above, since the value of the F-number
is 2.1 to 2.6, the focal length in the 35 mm version is 26 mm
to 35 mm, and the total optical length with respect to the
diagonal length of the imaging device is 1.4 to 2.0, it is
possible to reduce the total optical length and to realize a
bright optical system.

[0079] Itis preferable that the imaging lens according to the
embodiment of the present disclosure satisfy the following
conditional expression (6).

0.30<I(R6-R7)/f31<1.50 6

[0080] Here, R6is a paraxial curvature radius of the surface
on the object side of the third lens, and R7 is a paraxial
curvature radius of the surface on the image side of the third
lens.

[0081] The conditional expression (6) is a conditional
expression relating to the paraxial curvature radius of the
surface on the object side of the third lens, the paraxial cur-
vature radius of the surface on the image side of the third lens,
and the refractive power of the third lens.

[0082] If I(R6-R7)/f3| is beyond the upper limit of the
conditional expression (6), the paraxial curvature radius on
the object side of the third lens is excessively large, and it is
thus difficult to correct off-axis aberration. Further, a paraxial
curvature radius difference between the surface on the object
side of the third lens and the surface on the image side thereof
is increased, which significantly lowers manufacturing effi-
ciency of the lens.

[0083] On the other hand, if I((R6-R7)/f3] is beyond the
lower limit of the conditional expression (6), the paraxial
curvature radius difference between the surface on the object
side of the third lens and the surface on the image side thereof
is increased, which significantly lowers manufacturing effi-
ciency of the lens.

[0084] For this reason, the imaging lens satisfies the con-
ditional expression (6), and thus, it is possible to reliably
correct off-axis aberration, and to achieve high manufactur-
ing efficiency of the lens.

[0085] It is preferable that the value of the paraxial curva-
ture radius (R6) on the surface of the object side of the third
lensbe =7.054 mm to —=3.335 mm. Further, itis preferable that
the value of the paraxial curvature radius (R7) of the surface
on the image side of the third lens be -1.983 mm to -1.216
mm.
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[0086] Intheimaging lens according to the embodiment of
the present disclosure, it is preferable to dispose the aperture
stop between the top of the surface on the object side of the
first lens in the optical axis direction and an effective radius
thereof.

[0087] Intheimaging lens according to the embodiment of
the present disclosure, a front-stop configuration is adopted,
in which by setting the position of the aperture stop in the
range from the top of the surface on the object side of the first
lens inthe optical axis direction to the effective radius thereof,
it is possible to increase the amount of peripheral light, com-
pared with a case where the aperture stop is disposed on the
object side from the top of the surface of the object side of the
first lens. Further, it is possible to reduce the total optical
length and to achieve miniaturization.

[0088] Intheimaging lens according to the embodiment of
the present disclosure, it is preferable to satisty the following
conditional expression (7).

3.00<|/41/D8<7.00 M

[0089] Here, DS is the central thickness of the fourth lens.
[0090] The conditional expression (7) is a conditional
expression relating to the refractive power of the fourth lens
and the central thickness of the fourth lens.

[0091] If If41/D8 is beyond the upper limit of the condi-
tional expression (7), the central thickness of the fourth lens
becomes excessively thin, which consequently lowers manu-
facturing efficiency of the fourth lens.

[0092] On the other hand, if 1f41/D8 is beyond the lower
limit of the conditional expression (7), the refractive power of
the fourth lens becomes excessively strong, and it is thus
difficult to reliably correct aberration, and particularly to
correct field curvature and distortion, which consequently
lowers assembly efficiency at the time of manufacturing.
[0093] Intheimaging lens according to the embodiment of
the present disclosure, it is preferable to satisty the following
conditional expression (8).

1.00<RA4/2<30.00 ®)

[0094] Here, R4 is a paraxial curvature radius of the surface
on the object side of the second lens.

[0095] The conditional expression (8) is a conditional
expression relating to the paraxial curvature radius of the
surface on the object side of the second lens and the refractive
power of the second lens.

[0096] IfR4/f2is beyond the lower limit of the conditional
expression (8), the paraxial curvature radius of the surface on
the object side of the second lens becomes excessively small.
Thus, the refractive power of the second lens becomes large,
which consequently lowers manufacturing efficiency of the
second lens.

[0097] Onthe other hand, if R4/12 is beyond the upper limit
of the conditional expression (8), the paraxial curvature
radius of the surface on the object side of the second lens
becomes excessively large, ghosting light generated in the
peripheral portion of the lens enters the imaging device such
as a CCD or CMOS, which causes deterioration of image

quality.
[Value Examples of Imaging Lens]

[0098] Hereinafter, specific embodiments of the imaging
device of the present disclosure and value examples obtained
by applying specific values to the embodiments will be
described with reference to the accompanying drawings and
tables.

[0099] Meanings or the like of symbols shown in the fol-
lowing tables and description are as follows.
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[0100] A “surface number Si” is an i-th surface counted
from the object side to the image side; a “paraxial curvature
radius Ri” is a paraxial curvature radius of the i-th surface; an
“interval Di” is an axial surface interval (the center thickness
of the lens or air interval) between the i-th surface and an
(i+1)-th surface; a “refractive index Ndi” is a refractive index
in d-line (A=587.6 nm) of a lens or the like starting from the
i-th surface; and “vdi” is the Abbe number in d-line of the lens
starting from the i-th surface.

[0101] An “STO” represents the aperture stop with respect
to the “surface number Si”, and “o0” represents a flat surface
with respect to the “paraxial curvature radius Ri”.

[0102] “K”represents a conic constant, and “3rd” “4th”, ..
. represent third, fourth, astigmatism coefficients, respec-
tively.

[0103] In each table indicating the following astigmatism
coefficients, “E-n” represents an exponential expression
using “10” as the base, that is, “10™”. For example,
“0.12345E-05” represents “0.12345x107>”,

[0104] Asthe imaging lens used in each embodiment, there
is an imaging lens in which a surface of a lens is formed in an
aspherical shape. When the depth of the aspherical surface is
“7”, the height from the optical axis is “Y”, the paraxial
curvature radius is “R”, the conic constant is “K”, and the i-th
aspherical coefficient (“i” is an integer of 3 or more) is “Ai”,
the shape of the aspherical surface is defined by the following
expression (1).

2 . 1
Z:Y—/R+ZAi-Y‘ o

1+y1-(1+K)(Y/R?

First Embodiment

[0105] FIG. 1 is a diagram illustrating a lens configuration
of'an imaging lens 1 according to a first embodiment.

[0106] Theimaginglens 1 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

[0107] Thefirstlens G1isformed ina convex shape on both
sides thereof.
[0108] The secondlens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0109] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.
[0110] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0111] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.
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6
[0112] Lens data ofa first value example obtained by apply- [0114] FIG. 2 is a diagram illustrating spherical aberration,
ing specific values to the imaging lens 1 according to the first astigmatism and distortion in the first value example.
embodiment is shown toge.ther with an F-number “FNo”, the [0115] In FIG. 2, in the spherical aberration figure, the
£oca’1’ length “f” of an entire lens system and a field angle  value of g-line (a wavelength of 435.8400 nm) is indicated by
207, in Table 1. a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
TABLE 1 c-line (a wavelength of 656.2700 nm) is indicated by a dotted
first value example lens data llng, respectlvely. In th.e astigmatism ﬁgure,. the.: value on a
sagittal image surface is indicated by a solid line, and the
Si Ri Ndi vdi value on a meridional image surface is indicated by a dotted
surface  curvature Di refractive Abbe line.
number  radius interval index number [0116] Itis obvious from each aberration figure that in the
1 @ -0.220 — — first value example, various aberrations are reliably corrected
(STO) and an excellent imaging performance is achieved.
2 1.833 0.792 1.535 56.3
3 -8.067 0.030 — — .
4 26471 0.500 1.635 23.9 Second Embodiment
5 3.512 0.862 — —
6 -7.054 1.017 1.535 56.3 [0117] FIG. 3 is a diagram illustrating a lens configuration
7 -1.696 0.100 — — of an imaging lens 2 according to a second embodiment.
8 3.056 0.700 1.535 56.3 . . .
9 1038 0.350 - T [0118] Theimaging lens 2 includes an aperture stop STO, a
10 @ 0.150 1.518 64.1 first lens G1 having a positive refractive power, a second lens
11 w 0.700 — — (G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
FNo =22 . : . . .
fodn negative refractive power, which are sequentially disposed
20 =69.8° from the side of an object to the image side.
. . 0119] Thefirstlens G11is formed ina convex shape on both
[0113] In the imaging lens 1, both surfaces (the second [~ ] P
- sides thereof.
surface and the third surface) of the first lens G1, both sur- 01201 Th dlens G2 is fi di h
faces (the fourth surface and the fifth surface) of the second {) b ], d elzlsecoi{l egs h 1sb orlme 1n1a con;a;/le shape OI}
lens G2, both surfaces (the sixth surface and the seventh oth sides t €reol, an the absolute value o . the paraxia
surface) of the third lens G3, and both surfaces (the eighth curvature radius of the surface thereof on the image side is
surface and the ninth surface) of the fourth lens G4 are formed sme}ller than the absolute value of the pe}ra)ﬂal curvature
as aspherical surfaces. The aspherical coefficients of the  radius of the surface thereof on the object side.
aspherical surfaces in the first value example are shown [0121] The third lens G3 is formed in a meniscus shape in
together with the conic constants K, in Table 2. which a concave surface is directed toward the object side.
TABLE 2
first value example aspherical data
Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 _ _ _ _ _ _
(STO)
2 ~1.12E+01 2.11E-01 ~2.26E-01
3 9.49E+00 4.21E-02 -1.01E-01
4 0.00E+00  932E-03  3.08E-02 -2.44E-03 -435E-02 -2.22E-02
5 1.36E+00  1.13E-02  1.34E-02  1.89E-02  5.22E-04  4.38E-04
6 -2.98E400 -193E-02  9.53E-02 -1.24E-01  1.24E-02 -2.08E-03
7 -2.95E400 -1.09E-01  1.39E-02  1.06E-01 -1.17E-01  2.35E-02
8 -7.86E400 -1.30E-01 -1.71E-01  9.90E-02  8.53E-03  4.55E-03
9 -3.72E400 -1.09E-02 -1.98E-01  L61E-01 -3.66E-02 -6.02E-03
Si
surface
number 8th 9th 10th 11th
1 _ _ _ _
(STO)
2 1.79E-01 ~6.63E-02
3 1.11E-01 -4.39E-02
4 7.79E-02 2.57E-02  -3.98E-02
5 1.56E-02  —2.81E-02 2.38E-02
6 2.12E-02 2.26E-03  -7.81E-03
7 -4.44E-03 1.25E-02 3.28E-03  -3.90E-03
8 -3.29E-03  -1.73E-03  -7.11E-05 2.36E-04
9 1.56E-03 849E-04  -2.00E-04 —
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[0122] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex TABLE 3-continued
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in sccond value example leas da
the effective diameter of the surface on the image side, respec- Si Ri Ndi vdi
tively. surface  curvature Di refractive Abbe
[0123] A seal glass SG is disposed between the fourth lens number  radius interval index number
G4 and an image surface IMG. 5 3316 0.678 — —
[0124] Lens data of a second value example obtained by 6 -3.920 0.822 1.535 56.3
: . L . 7 ~1.689 0.251 — —
applying specific values to the imaging lens 2 according to the g 2846 0.626 1535 563
second embodiment is shown together with an F-number 9 1110 0.350 - -
“FNo”, the focal length “f” of an entire lens system and a field 10 @ 0.100 1518 64.1
angle “2w”, in Table 3. 1 “ 0-700 _ _
FNo=24
TABLE 3 f=40
20 =72.6°
second value example lens data
[0125] In the imaging lens 2, both surfaces (the second
Sursféil w cmltlinm - refgi:tiive delje surface and the third surface) of the first lens G1, both sur-
number  radius interval index number faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
1 ® -0.160 — — surface) of the third lens G3, and both surfaces (the eighth
(STzo ) 1668 0715 1535 563 surface and the ninth surface) of the fourth lens G4 are formed
3 _6.610 0.030 _ _ as aspherical surfaces. The aspherical coefficients of the
4 -21.536 0.448 1.635 23.9 aspherical surfaces in the second value example are shown
together with the conic constants K, in Table 4.
TABLE 4
second value example aspherical data
Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 J— J— J— J— J—
(STO)
2 -1.12E+01 2.65E-01 -3.39E-01
3 9.49E+00 3.35E-02 -1.33E-01
4 0.00E+00  1.23E-02  2.87E-02  3.66E-03 -5.35E-02 -2.95E-02
5 1.36E+00  5.77E-03  3.77E-02  2.61E-02 -9.80E-03  -9.89E-03
6 205E+00 -3.97E-02  1.08E-01 -1.59E-01  2.14E-02  5.29E-03
7 -1.56E+00 -1.08E-01  2.01E-03  141E-01 -154E-01  3.83E-02
8 -1.00+01  -146E-01 -1.88E-01  1.17E-01  8.13E-03  6.97E-03
9 -3.96E+00 -7.27E-02 -1.55E-01  1.56E-01 -447E-02 -4.47E-03
Si
surface
number 8th 9th 10th 11th
1 J— J— J— J—
(STO)
2 3.13E-01 -1.52E-01
3 1.72E-01 ~7.65E-02
4 1.23E-01 436E-02  -5.94E-02
5 2.37E-02  -3.73E-02 5.87E-02
6 3.92E-02  -9.56E-05  -2.76E-02
7 -6.02E-03 2.10E-02 542E-03  -8.08E-03
8 -441E-03  -2.69E-03  -1.13E-04 3.92E-04
9 1.87E-03 1.26E-03  -3.65E-04
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[0126] FIG. 4 is a diagram illustrating spherical aberration,
astigmatism and distortion of the second value example.
[0127] In FIG. 4, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0128] Itis obvious from each aberration figure that in the
second value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

Third Embodiment

[0129] FIG. 5is a diagram illustrating a lens configuration
of an imaging lens 3 according to a third embodiment.
[0130] Theimaginglens 3 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

[0131] Thefirstlens G1is formed ina convex shape on both
sides thereof.
[0132] The second lens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0133] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.
[0134] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-

tively.
[0135] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.
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[0136] Lens data of a third value example obtained by
applying specific values to the imaging lens 3 according to the
third embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 5.

TABLE 5

third value example lens data

Si Ri Ndi vdi
surface curvature Di refractive Abbe
number radius interval index number

1 @ -0.124 — —
(STO)

2 1.302 0.546 1.535 56.3

3 -5.350 0.023 — —

4 -21.416 0.311 1.635 23.9

5 2.524 0.547 — —

6 -3.335 0.680 1.535 56.3

7 -1.319 0.199 — —

8 1.962 0.466 1.535 56.3

9 0.809 0.272 — —

10 ] 0.080 1.518 64.1

11 ] 0.541 — —

FNo=24

f=3.1

20 =734°

[0137] In the imaging lens 3, both surfaces (the second

surface and the third surface) of the first lens G1, both sur-
faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the third value example are shown
together with the conic constants K, in Table 6.

TABLE 6

third value example aspherical data

Si K
surface conic
number constant 3rd 4th 5th 6th 7th
1 _ _ _ _ _ _
(STO)
2 -1.12E+01 5.65E-01 -1.20E+00
3 9.49E+00 7.30E-02 -4.70E-01
4 0.00E+00 2.21E-02 6.17E-02 4.82E-03 -1.92E-01  -1.30E-01
5 1.36E+00 1.31E-02 7.24E-02 6.88E-02  -2.87E-02  -3.36E-02
6 3.39E+00  -5.47E-02 2.21E-01  -4.50E-01 7.23E-02 2.90E-02
7 -1.83E+00  -1.85E-01 3.15E-03 3.74E-01  -5.56E-01 1.70E-01
8 -1.00E+01  -2.56E-01 -4.04E-01 3.23E-01 2.81E-02 3.15E-02
9 -3.81E+00  -1.11E-01  -3.46E-01 440E-01 -1.58E-01  -2.23E-02
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TABLE 6-continued
third value example aspherical data

Si
surface
number 8th 9th 10th 11th

1 _ _ _ _
(STO)

2 1.87E+00 -1.52E+00 —

3 1.01E+00 -7.32E-01 —

4 7.33E-01 3.43E-01 -5.84E-01 —

5 1.48E-01 -2.86E-01 5.53E-01 —

6 2.40E-01 1.22E-02 -2.53E-01 —

7 —3.55E-02 1.61E-01 5.50E-02 -1.00E-01

8 -2.62E-02 —2.04E-02 -1.07E-03 4.96E-03

9 1.06E-02 9.51E-03 -3.49E-03 —

[0138] FIG. 6 is a diagram illustrating spherical aberration, [0148] Lens data of a fourth value example obtained by

astigmatism and distortion of the third value example.
[0139] In FIG. 6, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0140] Itis obvious from each aberration figure that in the
third value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

Fourth Embodiment

[0141] FIG. 7 is a diagram illustrating a lens configuration
of an imaging lens 4 according to a fourth embodiment.
[0142] Theimaging lens 4 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

[0143] Thefirst lens G1is formed ina convex shape on both
sides thereof.
[0144] The second lens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0145] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.
[0146] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0147] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.

applying specific values to the imaging lens 4 according to the
fourth embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 7.

TABLE 7

fourth value example lens data

Si Ri Ndi vdi
surface  curvature Di refractive Abbe
number radius interval index number

1 ] -0.140 — —
(STO)

2 1.702 0.744 1.535 56.3

3 -5.743 0.030 — —

4 -23.681 0.371 1.635 23.9

5 3.178 0.671 — —

6 -5.033 0.918 1.535 56.3

7 -1.598 0.216 — —

8 1.876 0.500 1.535 56.3

9 0.841 0.350 — —

10 0.100 1.518 64.1

11 0.700 — —

FNo=24

f=3.8

20 =75.8°

[0149] In the imaging lens 4, both surfaces (the second

surface and the third surface) of the first lens G1, both sur-
faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the fourth value example are shown
together with the conic constants K, in Table 8.
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TABLE 8
fourth value example aspherical data
Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 _ _ _ _ _
(STO)
2 -1.12E+01 2.56E-01 -3.50E-01
3 9.49E+00 3.17E-02 -1.25E-01
4 0.00E+00 1.10E-02 3.74E-02  -1.10E-02  -6.30E-02  -2.10E-02
5 1.36E+00 1.60E-02 2.43E-02 2.08E-02 -6.73E-03  -3.60E-03
6 -1.00E+01 -3.09E-02 1.28E-01 -1.84E-01 9.09E-03 1.01E-02
7 -3.95E+00 -1.33E-01 5.34E-03 1.33E-01  -1.60E-01 3.74E-02
8 -9.87E+00 -1.89E-01 -1.86E-01 1.20E-01 9.68E-03 7.61E-03
9 -3.77E+00  -7.04E-02 -1.90E-01 1.80E-01 -4.49E-02 -6.36E-03
Si
surface
number 8th 9th 10th 11th
1 _ _ _ _
(STO)
2 3.57E-01 -1.92E-01 —
3 1.72E-01 -7.66E-02 —
4 1.48E-01 5.82E-02 —-8.63E-02 —
5 2.69E-02 -3.90E-02 5.46E-02 —
6 4.87E-02 4.97E-03 -3.03E-02 —
7 —4.66E-03 2.23E-02 5.82E-03 -8.28E-03
8 -4.29E-03 -2.67E-03 -1.27E-04 3.64E-04
9 1.50E-03 1.25E-03 -2.85E-04 —
[0150] FIG. 8is a diagram illustrating spherical aberration, [0158] The fourth lens G4 is formed in a shape in which a

astigmatism and distortion of the fourth value example.
[0151] In FIG. 8, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0152] Itis obvious from each aberration figure that in the
fourth value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0159] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.

[0160] Lens data of a fifth value example obtained by
applying specific values to the imaging lens 5 according to the
fifth embodiment is shown together with an F-number “FNo”,
the focal length “f” of an entire lens system and a field angle
“2mw”, in Table 9.

TABLE 9
Fifth Embodiment
fifth value example lens data

[0153] FIG.9 is a diagram illustrating a lens configuration Si . . .

b . . . i Ri Ndi vdi
of an imaging lens 5 according to a fifth embodiment. surface  curvature Di refractive Abbe
[0154] Theimaginglens 5 includes an aperture stop STO, a number  radius interval index number
first lens G1 having a positive refractive power, a second lens | - 0171 — —
(G2 having a negative refractive power, a third lens G3 having (STO) ’
a positive refractive power, and a fourth lens G4 having a 2 1.829 0.767 1.535 56.3
negative refractive power, which are sequentially disposed 3 ~7.518 0.030 — —

. . : . 4 -38.943 0.501 1.635 23.9
from the side of an object to the image side. 5 3362 0817 i o
[0155] Thefirst lens G1is formed ina convex shape on both 6 -5.650 0.865 1.535 56.3
sides thereof. 7 -1.983 0.220 — —
[0156] The second lens (G2 is formed in a concave shape on g i:?éi 8:;28 1'5735 SEE'
both sides thereof, and the absolute value of the paraxial 10 @ 0.150 1.518 64.1
curvature radius of the surface thereof on the image side is 11 @ 0.700 — —
smaller than the absolute value of the paraxial curvature —
radius of the surface thereof on the object side. feas
[0157] The third lens G3 is formed in a meniscus shape in 20 = 68.6°
which a concave surface is directed toward the object side.
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[0161] In the imaging lens 5, both surfaces (the second [0167] Thefirstlens G1isformedinaconvex shape on both
surface and the third surface) of the first lens G1, both sur- sides thereof.
faces (the fourth surface and the fifth surface) of the second [0168] The secondlens (G2 is formed in a concave shape on

lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the fifth value example are shown
together with the conic constants K, in Table 10.

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0169] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.

TABLE 10

fifth value example aspherical data

Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 J— J— J— J— J— J—
(STO)
2 -1.12E+01 2.12E-01 -2.40E-01
3 9.49E+00 3.59E-02 -9.42E-02
4 0.00E+00 1.28E-02 2.24E-02 4.24E-04  -392E-02 -1.89E-02
5 1.36E+00 4.98E-03 2.59E-02 1.35E-02  -7.45E-03  -1.17E-03
6 2.33E+00  -3.41E-02 8.86E-02  -1.10E-01 1.51E-02  -3.28E-03
7 -2.82E+00 -1.17E-01 6.98E-03 1.05E-01 -1.12E-01 2.68E-02
8 -1.00E+01 -1.25E-01  -1.74E-01 9.93E-02 8.63E-03 4.30E-03
9 -3.88E+00  -2.53E-02 -1.78E-01 1.48E-01  -3.54E-02  -5.47E-03
Si
surface
number 8th 9th 10th 11th
1 J— J— J— J—
(STO)
2 2.01E-01 —-8.34E-02
3 1.09E-01 -4.57E-02
4 T.96E-02 2.53E-02 -4.05E-02
5 2.02E-02 -2.25E-02 2.36E-02
6 2.03E-02 1.51E-03 -8.52E-03
7 -3.42E-03 1.24E-02 2.85E-03 -4.32E-03
8 -3.40E-03 -1.81E-03 -9.12E-05 2.33E-04
9 1.88E-03 8.17E-04 —-2.44E-04
[0162] FIG. 10 is a diagram illustrating spherical aberra- [0170] The fourth lens G4 is formed in a shape in which a

tion, astigmatism and distortion of the fifth value example.
[0163] In FIG. 10, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0164] Itis obvious from each aberration figure that in the
fifth value example, various aberrations are reliably corrected
and an excellent imaging performance is achieved.

Sixth Embodiment

[0165] FIG.11isadiagram illustrating a lens configuration
of an imaging lens 6 according to a sixth embodiment.
[0166] Theimaginglens 6 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0171] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.

[0172] Lens data of a sixth value example obtained by
applying specific values to the imaging lens 6 according to the
sixth embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 11.

TABLE 11

sixth value example lens data

Si Ri Ndi vdi

surface  curvature Di refractive Abbe
number radius interval index number

1 ® -0.140 — —
(STO)

2 1.422 0.618 1.535 56.3

3 -5.853 0.023 — —
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line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted

TABLE 11-continued

sixth value example lens data line.
si Ri Ndi vdi [0176] Itis obvious from each aberration figure that in the
surface  curvature Di refractive Abbe sixth value example, various aberrations are reliably cor-
number  radius interval index number rected and an excellent imaging performance is achieved.
4 25114 0.388 1.635 239 .
5 5576 0.602 _ _ Seventh Embodiment
6 -5.305 0.775 1.535 56.3 . . . .
7 _1257 0.078 _ _ [0177] FIG. 13 is adiagram illustrating a lens configuration
8 2.389 0.543 1.535 56.3 of'an imaging lens 7 according to a seventh embodiment.
9 0.802 0.272 - — [0178] Theimaginglens 7 includes an aperture stop STO, a
10 ® 0.120 1.518 64.1 : .- .
1 w 0.543 = s first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
FNo =22 a positive refractive power, and a fourth lens G4 having a
f=32 negative refractive power, which are sequentially disposed
20=714° . . . :
from the side of an object to the image side.
[0173] In the imaging lens 6, both surfaces (the second [0179] Thefirstlens G1is formed ina convex shape on both
surface and the third surface) of the first lens G1, both sur- sides thereof.
faces (the fourth surface and the fifth surface) of the second [0180] The second lens G2 is formed in a concave shape on

lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the sixth value example are shown
together with the conic constants K, in Table 12.

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0181] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.

TABLE 12

sixth value example aspherical data

Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 J— J— J— J— J— J—
(STO)
2 -1.12E+01 4.47E-01 —-8.06E-01
3 9.49E+00 7.55E-02 -3.42E-01
4 0.00E+00 1.12E-02 5.57E-02 -1.43E-02 -1.54E-01 -9.18E-02
5 1.36E+00 7.24E-03 3.67E-02 4.81E-02 -149E-02 -1.21E-02
6 -1.00E+01 -3.98E-02 2.11E-01 -3.43E-01 3.49E-02  -5.82E-03
7 -3.27E+00  -1.82E-01 2.57E-02 2.88E-01  -4.10E-01 1.12E-01
8 -1.00E+01 -2.02E-01  -3.63E-01 2.73E-01 2.87E-02 2.00E-02
9 -4.35E+00 3.88E-02 -4.74E-01 4.57E-01 -1.28E-01  -2.82E-02
Si
surface
number 8th 9th 10th 11th
1 J— J— J—
(STO)
2 1.09E+00 -7.10E-01
3 6.63E-01 -4.43E-01
4 4.74E-01 2.08E-01 -3.97E-01
5 9.04E-02 —-1.94E-01 2.50E-01
6 1.31E-01 1.56E-02 -9.09E-02
7 -2.40E-02 9.46E-02 3.10E-02 -5.04E-02
8 -1.90E-02 -1.31E-02 —-4.64E-04 2.87E-03
9 8.82E-03 6.72E-03 -2.00E-03
[0174] FIG. 12 is a diagram illustrating spherical aberra- [0182] The fourth lens G4 is formed in a shape in which a

surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0183] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.

tion, astigmatism and distortion of the sixth value example.

[0175] In FIG. 12, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
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[0184] Lens data of a seventh value example obtained by
applying specific values to the imaging lens 7 according to the
seventh embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 13.

TABLE 13

seventh value example lens data

Si Ri Ndi vdi
surface  curvature Di refractive Abbe
number radius Interval index number

1 ] -0.154 — —
(STO)

2 1.855 0.723 1.535 56.3

3 -6.475 0.038 — —

4 -50.724 0.597 1.640 23.3

5 3.319 0.806 — —

6 -4.834 0.918 1.535 56.3

7 -1.566 0.176 — —

8 3.354 0.630 1.535 56.3

9 0.986 0.362 — —

10 ] 0.100 1.518 64.1

11 ] 0.650 — —

FNo=24

f=43

20 = 68.8°

[0185] In the imaging lens 7, both surfaces (the second

surface and the third surface) of the first lens G1, both sur-
faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the seventh value example are shown
together with the conic constants K, in Table 14.

TABLE 14

Jun. 14, 2012

[0186] FIG. 14 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of the seventh value example.
[0187] In FIG. 14, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0188] Itis obvious from each aberration figure that in the
seventh value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

Eighth Embodiment

[0189] FIG. 15is a diagram illustrating a lens configuration
of'an imaging lens 8 according to an eighth embodiment.
[0190] Theimaging lens 8 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

[0191] Thefirstlens G1isformed ina convex shape on both
sides thereof.
[0192] The second lens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0193] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.

seventh value example aspherical data

Si K
surface conic
number constant 3rd 4th 5th 6th 7th
1 _ _ _ _ _ _
(STO)
2 -1.12E+01 1.96E-01 -2.35E-01
3 9.49E+00 3.20E-02 -8.95E-02
4 0.00E+00 1.15E-02 3.10E-02  -1.19E-03  -3.66E-02 -1.51E-02
5 1.36E+00  -4.29E-04 3.71E-02 1.49E-02  -9.42E-03  -6.09E-03
6 5.53E+00  -2.26E-02 9.46E-02  -1.19E-01 1.54E-03 3.45E-03
7 -7.23E+00  -1.62E-01 3.48E-03 9.90E-02  -9.37E-02 2.16E-02
8 -8.33E+00 -1.98E-01 -1.20E-01 9.13E-02 5.99E-03 3.43E-03
9 -4.52E+00  -4.33E-02  -1.32E-01 1.14E-01  -2.78E-02  -3.34E-03
Si
surface
number 8th 9th 10th 11th
1 _ _ _ _
(STO)
2 1.90E-01 -8.20E-02 —
3 9.70E-02 -4.00E-02 —
4 7.19E-02 2.58E-02 -3.57E-02 —
5 1.25E-02 -1.62E-02 2.90E-02 —
6 2.69E-02 2.96E-03 -1.69E-02 —
7 -3.78E-03 9.40E-03 2.17E-03 -3.04E-03
8 -2.80E-03 -1.48E-03 -7.90E-05 2.04E-04
9 8.50E-03 6.44E-04 -1.51E-04 —
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[0194] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex TABLE 15-continued
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in eighth value example lens data
the effective diameter of the surface on the image side, respec- si Ri Ndi vdi
tiVelY surface  curvature Di refractive Abbe
[0195] A seal glass SG is disposed between the fourth lens mumber  radius interval index number
G4 and an image surface IMG. 5 4097 0.822 - -
[0196] Lens data of an eighth value example obtained by 6 -5.424 0.906 1.535 56.3
applying specific values to the imaging lens 8 according to the 7 -1.549 0.123 — —
eighth embodiment is shown together with an F-number g é'ggé 8'228 1'5735 523
“FNo”, the focal length “f” of an entire lens system and a field 10 w 0.150 1518 64.1
angle “2w”, in Table 15. 11 ® 0.700 — —
TABLE 15 !
20 =70.9°
eighth value example lens data
) ) ) ) [0197] In the imaging lens 8, both surfaces (the second
sursf; w CmIEfMe bi . ﬁi:tlive Xb(te surface and the third surface) of the first lens G1, both sur-
number  radius interval index number faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
1 ® -0.180 — — surface) of the third lens G3, and both surfaces (the eighth
(STzo ) 1843 0797 1535 563 surface and the ninth surface) of the fourth lens G4 are formed
3 ~6.073 0.030 _ _ as aspherical surfaces. The aspherical coefficients of the
4 ~12.987 0.492 1.635 23.9 aspherical surfaces in the eighth value example are shown
together with the conic constants K, in Table 16.
TABLE 16
eighth value example aspherical data
Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 J— J— J— J— J— J—
(STO)
2 -1.12E+01 2.02E-01 ~2.29E-01
3 9.49E+00 2.81E-02 -1.05E-01
4 0.00E+00  1.39E-02  2.56E-02 -9.45E-03 -4.38E-02 -1.64E-02
5 1.36E+00  1.63E-02  1.52E-02  1.64E-02 -222E-03  1.92E-03
6 407E+00 -1.23E-02  9.80E-02 -133E-01  5.37E-03 -1.01E-03
7 -476E+00  -1.00E-01  -7.56E-03  9.70E-02 -1.14E-01  2.59E-02
8 -1.00E+01 -1.57E-01 -1.59E-01  1.01E-01  7.96E-03  4.07E-03
9 -3.93E+00 -4.87E-02 -1.68E-01  1.54E-01 -3.69E-02 -6.08E-03
Si
surface
number 8th 9th 10th 11th
1 J— J— J— J—
(STO)
2 1.86E-01 -8.23E-02 —
3 1.06E~01 ~3.94E-02 —
4 8.53E-02 2.96E-02  -4.31E-02 —
5 1.97E-02  -2.38E-02 2.22E-02 —
6 2.45E-02 3.06E-03  -1.12E-02 —
7 -3.78E-03 1.25E-02 3.26E-03  -3.87E-03
8 -3.32E-03  -1.76E-03  -3.91E-05 2.37E-04
9 1.57E-03 8.92E-04  -2.12E-04 —
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[0198] FIG. 16 is a diagram illustrating spherical aberra-
tion, astigmatism and distortion of the eighth value example.
[0199] In FIG. 16, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0200] It is obvious from each aberration figure that in the
value example 8, various aberrations are reliably corrected
and an excellent imaging performance is achieved.

Ninth Embodiment

[0201] FIG.17isadiagram illustrating a lens configuration
of an imaging lens 9 according to a ninth embodiment.
[0202] Theimaginglens 9 includes an aperture stop STO, a
first lens G1 having a positive refractive power, a second lens
(G2 having a negative refractive power, a third lens G3 having
a positive refractive power, and a fourth lens G4 having a
negative refractive power, which are sequentially disposed
from the side of an object to the image side.

[0203] Thefirstlens G1is formed ina convex shape on both
sides thereof.
[0204] The second lens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0205] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.
[0206] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-

tively.
[0207] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.
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[0208] Lens data of a ninth value example obtained by
applying specific values to the imaging lens 9 according to the
ninth embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 17.

TABLE 17

ninth value example lens data

Si Ri Ndi vdi
surface curvature Di refractive Abbe
number radius interval index number

1 ] -0.160 — —
(STO)

2 1.835 0.763 1.535 56.3

3 -5.223 0.030 — —

4 -8.082 0.430 1.614 25.6

5 4.013 0.931 — —

6 -5.185 0.894 1.535 56.3

7 -1.849 0.100 — —

8 1.599 0.650 1.535 56.3

9 0.772 0.382 — —

10 ] 0.100 1.518 64.1

11 ] 0.700 — —

FNo=24

f=4.1

20 =71.3°

[0209] In the imaging lens 9, both surfaces (the second

surface and the third surface) of the first lens G1, both sur-
faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the ninth value example are shown
together with the conic constants K, in Table 18.

TABLE 18

ninth value example aspherical data

Si K
surface conic
number constant 3rd 4th 5th 6th 7th
1 _ _ _ _ _ _
(STO)
2 -1.12E+01 2.12E-01 -2.52E-01
3 9.49E+00 5.13E-02 -8.63E-02
4 0.00E+00 1.75E-02 3.55E-02  -9.14E-03  -4.21E-02  -3.26E-02
5 1.36E+00 1.03E-02 2.46E-02 2.86E-02 -1.53E-02  -9.77E-03
6 1.94E+00 3.70E-02 8.15E-02  -1.33E-01 2.50E-02  -1.62E-02
7 -1.77E-01  -2.28E-02  -5.38E-02 1.70E-01  -1.37E-01 3.47E-02
8 -4.66E+00  -1.67E-01  -2.15E-01 1.13E-01 1.44E-02 8.84E-03
9 -3.21E+00  -1.05E-01 -1.13E-01 1.27E-01  -3.14E-02  -5.24E-03
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TABLE 18-continued
ninth value example aspherical data

Si
surface
number 8th 9th 10th 11th

1 _ _ _ _
(STO)

2 2.21E-01 -9.89E-02 —

3 9.51E-02 -4.08E-02 —

4 9.92E-02 1.62E-02 —3.89E-02 —

5 3.53E-02 -2.75E-02 2.22E-02 —

6 2.38E-02 5.09E-03 —8.84E-03 —

7 -1.49E-02 1.49E-02 5.01E-03 -4.28E-03

8 -4.10E-03 -2.92E-03 -9.40E-05 3.47E-04

9 1.17E-03 9.10E-04 -2.05E-04 —

[0210] FIG. 18 is a diagram illustrating spherical aberra- [0220] Lens data of a tenth value example obtained by

tion, astigmatism and distortion of the ninth value example.

[0211] In FIG. 18, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted
line.

[0212] Itis obvious from each aberration figure that in the
ninth value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

Tenth Embodiment

[0213] FIG.19isadiagram illustrating a lens configuration
of an imaging lens 10 according to a tenth embodiment.
[0214] The imaging lens 10 includes an aperture stop STO,
a first lens G1 having a positive refractive power, a second
lens G2 having a negative refractive power, a third lens G3
having a positive refractive power, and a fourth lens G4 hav-
ing a negative refractive power, which are sequentially dis-
posed from the side of an object to the image side.

[0215] Thefirstlens G1is formed ina convex shape on both
sides thereof.
[0216] The second lens (G2 is formed in a concave shape on

both sides thereof, and the absolute value of the paraxial
curvature radius of the surface thereof on the image side is
smaller than the absolute value of the paraxial curvature
radius of the surface thereof on the object side.

[0217] The third lens G3 is formed in a meniscus shape in
which a concave surface is directed toward the object side.
[0218] The fourth lens G4 is formed in a shape in which a
surface in the proximity of the optical axis forms a convex
surface toward the object side, and has an inflection point in
the effective diameter of the surface on the object side and in
the effective diameter of the surface on the image side, respec-
tively.

[0219] A seal glass SG is disposed between the fourth lens
G4 and an image surface IMG.

applying specific values to the imaging lens 10 according to
the tenth embodiment is shown together with an F-number
“FNo”, the focal length “f” of an entire lens system and a field
angle “2w”, in Table 19.

TABLE 19

tenth value example lens data

Si Ri Ndi vdi
surface curvature Di refractive Abbe
number radius interval index number

1 ] -0.120 — —
(STO)
2 1.441 0.562 1.535 56.3
3 -5.027 0.030 — —
4 -39.382 0.463 1.614 25.6
5 2.577 0.626 — —
6 -3.753 0.713 1.535 56.3
7 -1.216 0.137 — —
8 2.604 0.489 1.535 56.3
9 0.765 0.281 — —
10 0.080 1.518 64.1
11 ] 0.505 — —
FNo=24
f=33
2w =68.9°
[0221] In the imaging lens 10, both surfaces (the second

surface and the third surface) of the first lens G1, both sur-
faces (the fourth surface and the fifth surface) of the second
lens G2, both surfaces (the sixth surface and the seventh
surface) of the third lens G3, and both surfaces (the eighth
surface and the ninth surface) of the fourth lens G4 are formed
as aspherical surfaces. The aspherical coefficients of the
aspherical surfaces in the tenth value example are shown
together with the conic constants K, in Table 20.
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TABLE 20
first value example aspherical data
Si K
surface conic
number constant 3rd 4th Sth 6th 7th
1 _ _ _ _ _ _
(STO)
2 -1.12E+01 4.18E-01 —-8.33E-01
3 9.49E+00 6.84E-02 -3.17E-01
4 0.00E+00 1.90E-02 6.62E-02 3.26E-03  -1.30E-01 -6.89E-02
5 1.36E+00  -7.12E-04 7.93E-02 4.11E-02  -3.34E-02  -2.78E-02
6 5.53E+00  -3.75E-02 2.02E-01 -3.27E-01 5.46E-03 1.57E-02
7 -7.23E+00  -2.68E-01 7.43E-03 2.72E-01  -3.32E-01 9.86E-02
8 -8.33E+00 -3.29E-01 -2.57E-01 2.51E-01 2.12E-02 1.57E-02
9 -4.52E+00 -7.19E-02  -2.83E-01 3.15E-01  -9.86E-02 -1.53E-02
Si
surface
number 8th 9th 10th 11th
1 _ _ _ _
(STO)
2 1.12E+00 -8.00E-01
3 5.70E-01 -3.90E-01
4 4.22E-01 1.95E-01 -3.49E-01
5 7.34E-02 -1.23E-01 2.83E-01
6 1.58E-01 2.24E-02 -1.65E-01
7 —-2.23E-02 7.12E-02 2.12E-02 —-3.82E-02
8 -1.65E-02 -1.12E-02 -7.70E-04 2.56E-03
9 5.00E-03 4.88E-03 -1.47E-03
[0222] FIG. 20 is a diagram illustrating spherical aberra-

tion, astigmatism and distortion of the tenth value example.

In FIG. 20, in the spherical aberration figure, the
value of g-line (a wavelength of 435.8400 nm) is indicated by
a two-dot chain line, the value of d-line (a wavelength of
587.5600 nm) is indicated by a solid line, and the value of
c-line (a wavelength of 656.2700 nm) is indicated by a dotted
line, respectively. In the astigmatism figure, the value on a
sagittal image surface is indicated by a solid line, and the
value on a meridional image surface is indicated by a dotted

[0223]

line.
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[0224] TItis obvious from each aberration figure that in the
tenth value example, various aberrations are reliably cor-
rected and an excellent imaging performance is achieved.

[Respective Values in Conditional Expressions or the Like of
Imaging Lens]

[0225] Respective values of the conditional expressions (1)
to (8) in the imaging lenses 1 to 10 are shown in Table 21 and

Table 22.
TABLE 21
First  Second Third Fouwrth  Fifth Sixth  Seventh Eighth Ninth  Tenth
value value value value value value value value value value

example example example example example example example example example example
Focal length of entire lens 4200 3953 3.045 3752 4300 3131 4300 4108 4106  4.200
system f
Focal length of first lens f1 2.862  2.558  2.008 2534 2821 2.193 27770 2730 2640  2.160
Focal length of second lens 2 -4.800 -4.447 -3.501 -4.343 -4.800 -3.612 -4800 -4.800 -4308 -3.764
Focal length of third lens 3 3.899 4.896  3.635 3988 5258  2.846 3929 37735 4915  3.065
Focal length of fourth lens f4 -3.334 -3.876 -2.98 -3411 -4.175 -2.610 -2.867 -2.934 -3.844 -2.235
Abbe number of first lens vd1 56.3 56.3 56.3 56.3 56.3 56.3 56.3 56.3 56.3 56.3
Abbe number of second lens vd2 ~ 23.9 23.9 23.9 23.9 23.9 23.9 23.2 23.9 25.6 25.6
Paraxial curvature radius of 1.833 1.668 1.302 1.702 1.829 1.419 1.855 1.843 1.835 1.441
surface on object side of first
lens R2
Paraxial curvature radius of -8.067 -6.610 -5350 -5743 -7.518 -5.880 -6.475 -6.073 -5223 -5.027
surface on image side of first
lens R3
Paraxial curvature radius of -7.054 -3.920 -3.335 -5033 -5.650 -5.174 -4.834 -5424 -5185 -3.753
surface on object side of third
lens R6
Paraxial curvature radius of -1.696 -1.689 -1.319 -1.598 -1.983 -1.244 -1.566 -1.549 -1.849 -1.216
surface on image side of third
lens R7
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TABLE 21-continued

First  Second Third Fowth  Fifth Sixth  Seventh Eighth Ninth  Tenth
value value value value value value value value value value
example example example example example example example example example example

Center thickness of fourth lens 0700  0.626 0466 0500  0.700  0.543 0.630  0.630  0.650 0.489
D8
Paraxial curvature radius of -26.471 -21.536 -21.416 -23.681 -38.943 -28.782 -50.724 -12.987 -8.082 -39.382
surface on object side of second
lens R4

TABLE 22

First  Second Third Fowth  Fifth Sixth  Seventh Eighth Ninth  Tenth
value value value value value value value value value value
example example example example example example example example example example

(1) 0.40 <f1/If21 < 0.80 0.596 0.575 0.573 0.583 0.588 0.607 0.577 0.569 0.613 0.574
(2) 0.40 <f1/If21 < 0.80 1.231 0.908 0.963 1.089 0.913 1.269 1.222 1.285 0.876 1.228
(3) 0.90 < f/If4] <2.00 1.260 1.020 1.020 1.100 1.030 1.200 1.500 1.400 1.068 1.879
(4) 2.60 < |(R2 - R3)/f1] <4.00 3.459 3.236 3.313 2.938 3.314 3328 3.007 2.900 2.674 2.995
(5) vdl - vd2 >25 324 324 324 324 324 324 33.1 324 30.7 30.7

(6) 0.30 < |(R6 - R7)/f3] <1.50 1.374 0.456 0.555 0.861 0.697 1.381 0.832 1.038 0.679 0.828
(7) 3.00 < |f41/D8 < 7.00 4.762 6.187 6.409  6/823 5964  4.801 4.550  4.658 5914 4569
(8) 1.00 <R4/f2 <30.00 5.515 4.843 6.118 5452 8.113 7.968 10.567 2.706 1.876  10.464

[0226] As is obvious from Table 22, the imaging lenses 1 to directed toward the object side, which are sequentially dis-

10 satisfy the conditional expressions (1) to (8). posed from the object side to the image side.
[0227] Further, focal lengths of the imaging lenses 1 to 10 [0230] Accordingly, in the imaging apparatus according to
in the 35 mm version, values of the F-number, and ratios of a the embodiment of the present disclosure, the positive, nega-
total optical length to a diagonal length (length from the tive, positive and negative refractive powers are disposed in
center of the imaging device to an opposing angle) of the the imaging lens, to form an arrangement configuration in
imaging device are shown in Table 23. which the positive refractive power proceeds.

TABLE 23

First  Second Third Fourth  Fifth Sixth  Seventh Fighth Ninth  Tenth
value value value value value value value value value value
example example example example example example example example example example

Focal length in 30 28 28 27 31 29 31 30 30 31
35 mm version (mm)

FNo 2.2 2.4 2.4 24 2.4 2.2 2.4 2.4 2.4 2.4
Total optical length/ 1.7 1.6 1.6 1.5 1.7 1.7 1.7 1.7 1.7 1.7

Sensor opposing angle

[0228] As shown in Table 23, in the imaging lenses 1 to 10, [0231] By forming the second lens in the concave shape on
the focal lengths are 27 mm to 31 mm in the 35 mm version, both sides, total reflection ghosting due to off-axis light
the value of the F-number is 2.2 to 2.4, and the ratios of the beams diffuses in a peripheral portion of the lens, so that the
total optical length to the diagonal length of the imaging  ghosting light is prevented from being incident to an imaging
device are 1.5to0 1.7. device such as a CCD or CMOS, which is effective in correc-
tion of coma aberration.

[0232] Forming the third lens in the meniscus shape having

[Configuration of Imaging Apparatus] .. . . L .
the positive refractive power is effective in aberration correc-

[0229] The imaging apparatus according to the embodi- tion, and particularly, is effective in field curvature and astig-
ment of the present disclosure includes an imaging lens and matism.
animaging device which converts an optical image formed by [0233] By forming the fourth lens having the negative
the imaging lens into an electric signal. The imaging lens refractive power in the shape of which the convex surface is
includes an aperture stop, a first lens having a positive refrac- directed toward the object side, ghosting light which enters a
tive power, a second lens having a negative refractive power peripheral portion of the fourth lens is prevented from being
which is formed in a concave shape on both sides thereof, a incident to the imaging device such as a CCD or CMOS by
third lens having a positive refractive power which is formed being reflected from the surface thereof on the object side.
in a meniscus shape in which a concave surface is directed [0234] Further, the imaging lens according to the embodi-
toward the side of an object, and a fourth lens having a ment of the present disclosure satisfies the following condi-
negative refractive power in which a convex surface is tional expressions (1), (2), (3), (4) and (5).
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0.40<f1/]/2<0.80 M

0.80<|21/3<1.50 )

0.90<f7|/41<2.00 ©)

2.60<I(R2-R3)/f11<4.00 (©)]

vdl-vd2>25 (5)

[0235] Here, {1 is the focal length of the first lens, 12 is the
focal length of the second lens, {3 is the focal length of the
third lens, f4 is the focal length of the fourth lens, f'is the focal
length of an entire lens system, R2 is a paraxial curvature
radius of a surface on the object side of the first lens, R3 is a
paraxial curvature radius of a surface on the image side of the
first lens, vd1 is the Abbe number of the first lens, and vd2 is
the Abbe number of the second lens.

[0236] The conditional expression (1) is a conditional
expression relating to an appropriate refractive power distri-
bution of the second lens in the refractive power of the first
lens. The reason why the absolute value is used in the focal
length of the second lens is because the second lens has the
negative refractive power. By setting the first lens and the
second lens to have the refractive power arrangement shown
in the conditional expression (1), it is possible to obtain an
excellent aberration correction effect.

[0237] Iffl/If2]is beyond the upper limit of the conditional
expression (1), the refractive power of the second lens
becomes excessively strong, and it is thus difficult to correct
off-axis aberration, and particularly to correct astigmatism
and field curvature, which consequently lowers assembly
efficiency at the time of manufacturing.

[0238] Onthe otherhand, if f1/If2] is beyond the lower limit
of the conditional expression (1), the refractive power of the
second lens becomes excessively weak, and it is thus disad-
vantageous in reduction of the total optical length, which is
disadvantageous in miniaturization. Further, it is disadvanta-
geous in correction of chromatic aberration, which makes it
difficult to secure an excellent optical performance suitable
for an imaging device of a high pixel density.

[0239] For this reason, the imaging lens satisfies the con-
ditional expression (1), and thus, it is possible for the imaging
apparatus to achieve miniaturization and to secure an excel-
lent optical performance suitable for an imaging device of a
high pixel density.

[0240] The conditional expression (2) is a conditional
expression relating to an appropriate refractive power distri-
bution of the third lens in the refractive power of the second
lens. The reason why the absolute value is used in the focal
length of the second lens is because the second lens has the
negative refractive power.

[0241] IfIf2I/13 is beyond the upper limit of the conditional
expression (2), the refractive power of the third lens becomes
excessively strong, and it is thus difficult to correct off-axis
aberration, and particularly to correct astigmatism and field
curvature, which consequently lowers assembly efficiency at
the time of manufacturing.

[0242] Onthe otherhand, if [f21/£3 is beyond the lower limit
of the conditional expression (2), the refractive power of the
third lens becomes excessively weak, and it is thus disadvan-
tageous in terms of reduction of the total optical length, which
is disadvantageous in terms of miniaturization.

[0243] For this reason, the imaging lens satisfies the con-
ditional expression (2), and thus, it is possible for the imaging
apparatus to achieve miniaturization and to secure an excel-
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lent aberration correction performance to thereby secure an
excellent optical performance.

[0244] The conditional expression (3) is a conditional
expression relating to an appropriate refractive power distri-
bution of the fourth lens in the refractive powers of the lenses
of the entire system. The reason why the absolute value is
used in the focal length of the fourth lens is because the fourth
lens has the negative refractive power.

[0245] If{/I1f4] is beyond the upper limit of the conditional
expression (3), the refractive power of the fourth lens
becomes excessively strong, and it is thus difficult to correct
off-axis aberration, and particularly to correct field curvature
and distortion, which consequently lowers assembly effi-
ciency at the time of manufacturing.

[0246] On the other hand, if /If4| is beyond the lower limit
of the conditional expression (3), the refractive power of the
fourth lens becomes excessively weak, and it is thus disad-
vantageous in terms of reduction of the total optical length,
which results in deterioration of miniaturization.

[0247] For this reason, the imaging lens satisfies the con-
ditional expression (3), and thus, itis possible for the imaging
apparatus to achieve miniaturization and to secure an excel-
lent aberration correction performance to thereby secure an
excellent optical performance.

[0248] The conditional expression (4) is a conditional
expression relating to the respective paraxial curvature radii
of the surface on the object side of the first lens and of the
surface of the image side of the first lens, and the refractive
power of the first lens.

[0249] If I(R2-R3)/f1l is beyond the upper limit of the
conditional expression (4), the refractive power of the first
lens becomes excessively weak, and it is thus disadvanta-
geous in terms of reduction of the total optical length, which
is disadvantageous in terms of miniaturization.

[0250] On the other hand, if I((R2-R3)/f1l is beyond the
lower limit of the conditional expression (4), the paraxial
curvature radius difference between the surface on the object
side of the first lens and the surface of the image side thereof
becomes excessively small, and it is thus difficult to correct
aberration, and particularly to correct spherical aberration
and coma aberration through the lenses disposed on the image
side from the first lens.

[0251] For this reason, the imaging apparatus satisfies the
conditional expression (4), and thus, it is possible to achieve
miniaturization and to secure an excellent aberration correc-
tion performance to thereby secure an excellent optical per-
formance.

[0252] The conditional expression (5) is a conditional
expression for regulating Abbe numbers in short wavelength
of d-line of the first lens and the second lens.

[0253] By using a glass material in which the Abbe number
is in the range of the conditional expression (5) as the first lens
and the second lens, it is possible to perform an excellent
chromatic aberration correction. Further, it is possible to sup-
press occurrence of peripheral coma aberration and field cur-
vature.

[0254] As described above, since the imaging lens accord-
ing to the embodiment of the present disclosure satisfies the
conditional expressions (1), (2), (3), (4) and (5), the distribu-
tion of the focal lengths of the first lens having the positive
refractive power, the second lens having the negative refrac-
tive power, the third lens having the positive refractive power
and the fourth lens having the negative refractive power is
appropriately performed.

HP, Ex. 1011
Page 43



US 2012/0147249 Al

[0255] Accordingly, it is possible to realize an imaging
apparatus which includes an imaging lens in which axial
chromatic aberration, spherical aberration and field curvature
are reliably corrected, whose total optical length is reduced,
and which achieves an excellent optical performance.
[0256] Specifically, it is possible to realize an imaging
apparatus which includes an imaging lens in which focal
lengths are 26 mm to 35 mm in the 35 mm version, values of
the F-number are 2.1 to 2.6, and ratios of a total optical length
to a diagonal length (length from the center of the imaging
device to an opposing angle) of the imaging device are 1.4 to
2.0.

[0257] As described above, since the values of the F-num-
ber are 2.1 to 2.6, the focal lengths in the 35 mm version are
26 mm to 35 mm, and the ratios of the total optical length to
the diagonal length of the imaging device are 1.4 to 2.0, it is
possible to reduce the total optical length and to realize a
bright optical system.

[One Embodiment of Imaging Apparatus]

[0258] Next, an embodiment of the present disclosure in
which the imaging apparatus of the present disclosure is
applied to a mobile phone will be described (see FIGS. 21 to
23).

[0259] Asshown in FIGS. 21 and 22, in a mobile phone 10,
a display section 20 and a main body 30 are foldably con-
nected by a hinge section 40. The display section 20 and the
main body 30 are in a folded state when carried, as shown in
FIG. 21. The display section 20 and the main body 30 are in
an opened state when used, for example, during communica-
tion, as shown in FI1G. 22.

[0260] A liquid crystal display panel 21 is disposed on one
surface of the display section 20, and a speaker 22 is installed
above the liquid crystal display panel 21. In the display sec-
tion 20 are assembled an imaging unit 100 which includes an
imaging lens 1, an imaging lens 2, an imaging lens 3, an
imaging lens 4, an imaging lens 5, an imaging lens 6, an
imaging lens 7, an imaging lens 8, an imaging lens 9 or an
imaging lens 10. An infrared communication section 23 for
performing communication through infrared light is installed
in the display section 20.

[0261] A coverlens 24 which is positioned on the side of an
object of a first lens G1 of the imaging unit 100 is disposed on
the other surface of the display section 20.

[0262] A variety of operation keys 31, 31, . . . such as a
numeric key and a power key are installed on one surface of
the mainbody 30. Further, a microphone 32 is installed on one
surface of the main body 30. A memory card slot 33 is formed
on a side surface of the main body 30, and a memory card 40
is inserted into or detached from the memory card slot 33.
[0263] FIG. 23 is a block diagram illustrating a configura-
tion of the mobile phone 10.

[0264] The mobile phone 10 includes a CPU (Central Pro-
cessing Unit) 50, which controls an overall operation of the
mobile phone 10. For example, in the CPU 50, a control
program stored in a ROM (Read Only Memory) 51 is
expanded in a RAM (Random Access Memory) 52, and the
operation of the mobile phone 10 is controlled through a bus
53.

[0265] A camera control section 60 has a function of con-
trolling the imaging unit 100 to image a still image or a
moving image. The camera control section 60 compresses
image information obtained by photographing as according
to JPEG (Joint Photographic Expert Group), MPEG (Moving
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Picture Expert Group) or the like, and transmits the com-
pressed data to the bus 53. The imaging unit 100 includes an
imaging device 101 such as a CCD (Charge Coupled Device)
or CMOS (Complementary Metal Oxide Semiconductor), in
addition to the imaging lens 1, the imaging lens 2, the imaging
lens 3, the imaging lens 4, the imaging lens 5, the imaging lens
6, the imaging lens 7, the imaging lens 8, the imaging lens 9
or the imaging lens 10.

[0266] The image information transmitted through the bus
53 is temporarily stored in the RAM 52, and is output to a
memory card interface 41 as necessary to be stored in the
memory card 40 through the memory card interface 41 or to
bedisplayed on the liquid crystal display panel 21 through the
display control section 54. Further, at the same time, during
photographing, audio information which is recorded through
the microphone 32 is temporarily stored in the RAM 52
through an audio codec 70 or is stored in the memory card 40,
and is output from the speaker 22 through the audio codec 70
at the same time when an image is displayed on the liquid
crystal display panel 21.

[0267] The image information or audio information is out-
put to an infrared light interface 55 as necessary, is output
outside through the infrared light communicating section 23
by the infrared light interface 55, and is transmitted to a
different apparatus including an infrared light communicat-
ing section, for example, a mobile phone, a personal com-
puter, a PDA (Personal Digital Assistance) or the like. When
a moving image or a still image is displayed on the liquid
crystal display panel 21 on the basis of the image information
stored in the RAM 52 or the memory card 40, the camera
control section 60 transmits image data obtained by decoding
or decompressing a file stored in the RAM 52 or the memory
card 40 to the display control section 54 through the bus 53.
[0268] A communication control section 80 performs
transmission and reception of radio waves between the com-
munication control section 80 and a base station through an
antenna (not shown) installed in the display section 20. In an
audio communication mode, the communication control sec-
tion 80 processes the received audio information and outputs
the result to the speaker 22 through the audio codec 70.
Further, the communication control section 80 receives audio
collected by the microphone 32 through the audio codec 70
and performs a predetermined process for the audio to be
transmitted.

[0269] Asdescribed above, since it is possible to reduce the
total optical length in the imaging lens 1, the imaging lens 2,
the imaging lens 3, the imaging lens 4, the imaging lens 5, the
imaging lens 6, the imaging lens 7, the imaging lens 8, the
imaging lens 9 and the imaging lens 10, it is possible to easily
assemble the imaging lens into an imaging apparatus such as
a mobile phone 10 in which a thin appearance is desired.
[0270] In the above-described embodiments, the imaging
apparatus is applied to the mobile phone as an example, but
the application range of the imaging apparatus is not limited
to a mobile phone. That is, the imaging apparatus can be
widely applied to a variety of digital input/output devices
such as a digital video camera, a digital still camera, a per-
sonal computer mounted with a camera or a PDA (Personal
Digital Assistant) mounted with a camera.

[0271] Any shapes and dimensions of the respective sec-
tions shown in the above-described embodiments are only
specific examples for implementing the embodiments in
practice, and thus should not be interpreted as limiting the
technical scope of the present disclosure.
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[0272] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2010-278528 filed in the Japan Patent Office on Dec.
14, 2010, the entire content of which is hereby incorporated
by reference.

[0273] 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. An imaging lens comprising:

an aperture stop;

a first lens having a positive refractive power;

a second lens having a negative refractive power which is
formed in a concave shape on both sides thereof;

a third lens having a positive refractive power which is
formed in a meniscus shape in which a concave surface
is directed toward the side of an object; and

a fourth lens having a negative refractive power in which a
convex surface is directed toward the object side, which
are sequentially disposed from the object side to the
image side,

wherein the imaging lens satisfies the following condi-
tional expressions (1), (2), (3), (4) and (5):

0.40<£1/f21<0.80 M
0.80<<|f2/f3<1.50 @
0.90<f7|/41<2.00 ©)
2.60<I(R2-R3)/f11<4.00 @
vdl-vd2>25 ®

where f1 is a focal length of the first lens, 12 is a focal length
of'the second lens, 3 is a focal length of the third lens, t4
is a focal length of the fourth lens, fis a focal length of an
entire lens system, R2 is a paraxial curvature radius of a
surface on the object side of the first lens, R3 is a paraxial
curvature radius of a surface on the image side of the first
lens, vdl is an Abbe number of the first lens, and vd2 is
an Abbe number of the second lens.

2. The imaging lens according to claim 1,

wherein the imaging lens satisfies the following condi-
tional expression (6):

0.30<I(R6-RT)/f31<1.50 6

where R6 is a paraxial curvature radius of the surface on the
object side of the third lens, and R7 is a paraxial curva-
ture radius of a surface on the image side of the third
lens.
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3. The imaging lens according to claim 1,

wherein the aperture stop is disposed between the top of the
surface on the object side of the first lens and an effective
diameter thereof.

4. The imaging lens according to claim 1,

wherein the imaging lens satisfies the following condi-
tional expression (7):

3.00<|f41/D8<7.00 (7

where DS is a center thickness of the fourth lens.
5. The imaging lens according to claim 1,
wherein the imaging lens satisfies the following condi-
tional expression (8):
1.00<R4/f2<30.00 (8)

where R4 is a paraxial curvature radius of a surface on the
object side of the second lens.

6. An imaging apparatus comprising:

an imaging lens; and

an imaging device which converts an optical image formed
by the imaging lens into an electrical signal,

wherein the imaging lens includes an aperture stop, a first
lens having a positive refractive power, a second lens
having a negative refractive power which is formed in a
concave shape on both sides thereof, a third lens having
a positive refractive power which is formed in a menis-
cus shape in which a concave surface is directed toward
the side of an object, and a fourth lens having a negative
refractive power in which a convex surface is directed
toward the object side, which are sequentially disposed
from the object side to the image side, and

wherein the imaging lens satisfies the following condi-
tional expressions (1), (2), (3), (4) and (5):

0.40<£1/]f21<0.80 M
0.80<|/21/f3<1.50 o))
0.90<f7|/41<2.00 ©)
2.60<I(R2-R3)/f11<4.00 @
vdl-vd2>25 ®

where f1 is a focal length of the first lens, 2 is a focal length
ofthe second lens, 3 is a focal length of the third lens, {4
is a focal length of the fourth lens, fis a focal length of an
entire lens system, R2 is a paraxial curvature radius of a
surface on the object side of the first lens, R3 is a paraxial
curvature radius of a surface on the image side of the first
lens, vdl is an Abbe number of the first lens, and vd2 is
an Abbe number of the second lens.
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