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1. 

IMAGING LENS 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

The present invention relates to an imaging lens for form 
ing an image of an object on an imaging element such as a 
CCD sensor and a CMOS sensor. In particular, the present 
invention relates to an imaging lens Suitable for mounting in 
a relatively Small camera Such as a camera to be built in a 
portable device including a cellular phone and a portable 
information terminal, a digital still camera, a security camera, 
a vehicle onboard camera, and a network camera. 

In recent years, in place of cellular phones that are intended 
mainly for making phone calls, so-called “smartphones' have 
been more widely used, i.e., cellular phones with functions of 
portable information terminals (PDA) and/or personal com 
puters. Since the Smartphones generally are highly functional 
as opposed to the cellular phones, it is possible to use images 
taken by a camera thereof in various applications. 

Generally speaking, product groups of cellular phones and 
Smartphones are often composed of products of various speci 
fications, from products for beginner users to products for 
advanced users. Among them, an imaging lens for mounting 
in products for advanced users requires a lens configuration of 
high resolution, which can be applied also in high pixel count 
imaging elements. 
As one of methods to achieve an imaging lens of high 

resolution, there is a method of increasing the number of 
lenses that compose the imaging lens. However, an increase 
in the number of lenses easily causes an increase in size of the 
imaging lens, so that such an approach is not favorable for 
mounting in the above-described Small-sized cameras such as 
cellular phones and Smartphones. For this reason, the imaging 
lenses have been developed while restraining an increase in 
the number of lenses as much as possible. However, with 
rapid technology advancement in increasing the pixel count 
of an imaging element in these days, it became more inter 
esting to develop an imaging lens that can achieve high reso 
lution rather thana short total track length of the imaging lens. 
For example, according to a camera unit that became newly 
available, it is possible to obtain quality images equivalent to 
those obtained by digital still cameras by attaching a camera 
unit having an imaging lens and an imaging element to cel 
lular phones, Smartphones, or the like, instead of mounting it 
in a cellular phone, Smartphone, or the like as is conventional. 
A lens configuration having seven lenses is slightly disad 

Vantageous for downsizing of an imaging lens due to the large 
number of lenses that compose the imaging lens. However, 
since Such lens configuration has flexibility in designs, it has 
potential to achieve satisfactory correction of aberrations and 
downsizing of the imaging lens in a balanced manner. AS Such 
imaging lens having a seven-lens configuration, there is 
known, for example, the one described in Patent Reference. 

Patent Reference: Japanese Patent Application Publication 
No. 2012-155223 
The imaging lens described in Patent Reference includes a 

first lens having a biconvex shape, a second lens that has a 
biconcave shape and is joined to the first lens, a third lens that 
is negative and has a shape of a meniscus lens directing a 
convex surface thereof to an object side, a fourth lens that is 
positive and has a shape of a meniscus lens directing a con 
cave surface thereof to the object side, a fifth lens that is 
negative and has a shape of meniscus lens directing a convex 
Surface thereof to the object side, a sixth lens having a bicon 
vex shape, and a seventh lens having a biconcave shape, 
arranged in the order from the object side. 
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2 
According to the imaging lens disclosed in Patent Refer 

ence, through restraining the ratio between a focal length of a 
first lens group composed of lenses from the first lens to the 
fourth lens and a focal length of a second lens group com 
posed of the lenses from the fifth lens to the seventh lens 
within certain range, it is possible to achieve downsizing of 
the imaging lens and satisfactory correction of aberrations. 

According to the imaging lens described in Patent Refer 
ence, the size of the imaging lens is Small, but correction of an 
image surface is insufficient. Especially distortion is rela 
tively large, there is a limit by itself in achieving a high 
resolution imaging lens. According to the lens configuration 
described in Patent Reference, it is difficult to achieve satis 
factory aberration correction while downsizing the imaging 
lens. 

Here, Such difficulty is not a problem specific to the imag 
ing lens to be mounted in cellular phones and Smartphones. 

Rather, it is common even for an imaging lens to be 
mounted in a relatively small camera Such as digital still 
cameras, portable information terminals, security cameras, 
onboard cameras, and network cameras. 

In view of the above-described problems in the conven 
tional techniques, an object of the present invention is to 
provide an imaging lens that can attain both downsizing and 
satisfactory correction of aberrations. 

Further objects and advantages of the invention will be 
apparent from the following description of the invention. 

SUMMARY OF THE INVENTION 

In order to attain the objects described above, according to 
a first aspect of the present invention, an imaging lens 
includes a first lens group having positive refractive power, a 
second lens group having negative refractive power, and a 
third lens group having negative refractive power, arranged in 
the order from the object side to the image plane side. The first 
lens group includes a first lens having positive refractive 
power, a second lens having negative refractive power, and a 
third lens having positive refractive power. The second lens 
group includes a fourth lens and a fifth lens. The third lens 
group includes a sixth lens and a seventh lens. Among them, 
the fourth lens has an object-side surface having negative 
curvature radius. The fifth lens has an image plane-side Sur 
face having positive curvature radius. In addition, when the 
first lens has an Abbe’s number vd1, the second lens has an 
Abbe’s number vd2, and the third lens has an Abbe’s number 
Vd3, the imaging lens of the invention satisfies the following 
conditional expressions (1) to (3): 

20<w2.<35 (2) 

According to the invention, the imaging lens includes the 
three lens groups from the first lens group to the third lens 
group, and refractive powers of the lens groups are arranged 
in the order of positive, negative, and negative from the object 
side. Among them, the refractive powers of the first lens group 
and the second lens group are arranged in the order of positive 
and negative, so that a chromatic aberration is satisfactorily 
corrected in those lens groups. 

Therefore, according to the imaging lens of the invention, 
it is possible to satisfactorily correct aberrations, especially 
the chromatic aberration, and also possible to obtain satisfac 
tory image-forming performance necessary for a high-reso 
lution imaging lens. In addition, according to the imaging 
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lens of the invention, the third lens group has negative refrac 
tive power, so that it is possible to suitably reduce the size of 
the imaging lens. 

The first lens group includes the three lenses, in which 
refractive powers are arranged in the order of positive, nega 
tive, and positive. Those three lenses are respectively formed 
from materials that satisfy the conditional expressions (1) 
through (3). With the arrangement of refractive powers and 
arrangement of the Abbe’s numbers of those lenses, in the 
first lens group, it is possible to Suitably restrain generation of 
a chromatic aberration, and also possible to satisfactorily 
correct the chromatic aberration if generated any. Moreover, 
in the second lens group, the fourth lens arranged on the 
object side has an object-side surface having negative curva 
ture radius, and the fifth lens arranged on the image plane side 
has an image plane-side Surface having positive curvature 
radius, so that it is possible to suitably correct a field curva 
ture. Therefore, according to the imaging lens of the inven 
tion, it is possible to obtain satisfactory image-forming per 
formance. 

According to a second aspect of the invention, when the 
fourth lens has positive refractive power, the fifth lens has 
negative refractive power, the fourth lens has an Abbe’s num 
ber vd4, and the fifth lens has an Abbe’s number vd5, the 
imaging lens having the above-described configuration pref 
erably satisfies the following conditional expressions (4) and 
(5): 

20<v4-35 (4) 

20<wdS-35 (5) 

According to the imaging lens of the invention, the second 
lens group is composed of two lenses having positive refrac 
tive power and negative refractive power, so that it is possible 
to more satisfactorily correct aberrations, especially chro 
matic aberration, generated in the first lens group. Generally 
speaking, in order to obtain a high-resolution imaging lens, it 
is necessary to satisfactorily correct aberrations, especially 
the chromatic aberration. 

According to the imaging lens of the invention, with the 
arrangement of refractive powers of the respective lens 
groups from the first lens group to the third lens group, the 
arrangement of refractive powers and the order of Abbe’s 
numbers of the three lenses that compose the first lens group, 
and the arrangement of the refractive powers and order of the 
Abbe’s numbers of the two lenses that compose the second 
lens group, it is possible to more satisfactorily correct the 
chromatic aberration than conventional imaging lenses. 

According to the imaging lens having the above-described 
configuration, the sixth lens and the seventh lens are prefer 
ably formed so as to have both negative refractive powers near 
the optical axis, and have shapes having stronger positive 
refractive powers as it goes to the lens peripheries. 
The third lens group includes two lenses having negative 

refractive powers. Those two lenses have both negative 
refractive powers near the optical axis and have shapes having 
stronger positive refractive powers as it goes to the lens 
peripheries. For this reason, it is possible to satisfactorily 
correct not only an axial chromatic aberration, but also an 
off-axis chromatic aberration of magnification. In addition, as 
is well known, an imaging element Such as a CCD sensor or 
CMOS sensor has a so-called chief ray angle (CRA) set in 
advance, i.e. range of an incident angle of a light beam that 
can be taken in the sensor. With the above-described lens 
shapes of the sixth lens and the seventh lens, it is possible to 
Suitably restrain incident angles of light beams emitted from 
the imaging lens to the image plane within the range of CRA. 
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4 
AS Such, it is possible to Suitably restrain generation of shad 
ing, a phenomenon of obtaining an image that is dark at the 
periphery. 

Furthermore, according to a third aspect of the invention, 
when the sixth lens has an Abbe’s number vd6 and the seventh 
lens has an Abbe’s number Vd7, the imaging lens having the 
above-described configuration preferably further satisfies the 
following conditional expressions (6) and (7): 

40<wdf-75 (7) 

According to a fourth aspect of the invention, when the 
whole lens system has a focal length fand a distance on an 
optical axis between the third lens and the fourth lens is D34, 
the imaging lens having the above-described configuration 
preferably satisfies the following conditional expression (8): 

When the imaging lens satisfies the conditional expression 
(8), it is possible to secure a back focal length while reducing 
the size of the imaging lens. Moreover, when the imaging lens 
satisfies the conditional expression (8), it is also possible to 
satisfactorily correctastigmatism and a field curvature. When 
the value exceeds the upper limit of "0.2, although it is 
advantageous for downsizing of the imaging lens, in theastig 
matism, a tangential image Surface curves to the image plane 
side and an astigmatic difference increases, and the image 
forming Surface curves to a plus direction (to the image plane 
side), so that it is difficult to obtain satisfactory image-form 
ing performance. In addition, the back focallengthis short, so 
that it is difficult to secure space to dispose an insert such as 
an infrared cut-off filter. 
On the other hand, when the value is below the lower limit 

of "0.05”, although it is easy to secure the back focal length, 
in theastigmatism, the tangential image Surface curves to the 
object side and the astigmatic difference increases, and the 
image-forming Surface also curves in a minus direction (to the 
object side). In addition, the chromatic aberration of magni 
fication for an off-axis light beam is insufficiently corrected at 
image periphery (an image-forming point at a short wave 
length moves in a direction to be close to the optical axis 
relative to an image-forming point at a reference wavelength), 
so that it is difficult to obtain satisfactory image-forming 
performance. 

According to a fifth aspect of the invention, when the whole 
lens system has a focal length fand the first lens has a focal 
length f1, the imaging lens having the above-described con 
figuration preferably satisfies the following conditional 
expression (9): 

When the imaging lens satisfies the conditional expression 
(9), it is possible to restrain a chromatic aberration, a coma 
aberration, and a distortion within satisfactory ranges in a 
balanced manner while downsizing the imaging lens. When 
the value exceeds the upper limit of "2.0', since the first lens 
has weak refractive power relative to the refractive power of 
the whole lens system, it is easy to secure the back focal 
length, but it is difficult to reduce the size of the imaging lens. 
In addition, inner coma aberration for off-axis light beams 
increases, and the distortion increases in the plus direction, so 
that it is difficult to obtain satisfactory image-forming perfor 
mance. On the other hand, when the value is below the lower 
limit of "0.5', although it is advantageous for downsizing of 
the imaging lens, it is difficult to secure the back focal length. 
In addition, inner coma aberration is generated for off-axis 
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light beams and both axial and off-axis chromatic aberrations 
are insufficiently corrected, so that it is difficult to obtain 
satisfactory image-forming performance. 

According to a sixth aspect of the invention, when the first 
lens has a focallength f1 and the second lens has a focallength 
f2, the imaging lens having the above-described configura 
tion preferably satisfies the following conditional expression 
(10): 

When the imaging lens satisfies the conditional expression 
(10), it is possible to restrain the astigmatism, the chromatic 
aberration, and the distortion within satisfactory ranges, 
while reducing the size of the imaging lens. When the value 
exceeds the upper limit of "-0.5”, the second lens has strong 
negative refractive power relative to the positive refractive 
power of the first lens. Accordingly, although it is easy to 
secure the back focal length, it is difficult to reduce the size of 
the imaging lens. As for correction of aberrations, it is advan 
tageous to correct both axial and off-axis chromatic aberra 
tions at a short wavelength relative to those at a reference 
wavelength, but in the astigmatism, a Sagittal image Surface 
curves to the object side and the astigmatic difference 
increases. Moreover, the distortion increases in a plus direc 
tion. For this reason, it is difficult to obtain satisfactory image 
forming performance. 
On the other hand, when the value is below the lower limit 

of “-4, although it is advantageous for downsizing of the 
imaging lens, the axial chromatic aberration is insufficiently 
corrected (a focal point at a short wavelength moves to the 
object side relative to a focal point at a reference wavelength) 
and the off-axis chromatic aberration of magnification is also 
insufficiently corrected. In addition, the image-forming Sur 
face curves to the object side and the distortion increases in 
the minus direction. Therefore, also in this case, it is difficult 
to obtain satisfactory image-forming performance. 

According to a seventh aspect of the invention, when the 
first lens has a focal length f1 and the third lens has a focal 
length f3, the imaging lens having the above-described con 
figuration preferably satisfies the following conditional 
expression (11): 

0.5<f3 flk4 (11) 

When the imaging lens satisfies the conditional expression 
(11), it is possible to satisfactorily correct the field curvature, 
the chromatic aberration, and the distortion, while reducing 
the size of the imaging lens. When the value exceeds the upper 
limit of “4”, the third lens has relatively weak refractive 
power. Therefore, although it is advantageous for correction 
of the chromatic aberration at a short wavelength relative to 
that at a reference wavelength, the image-forming Surface 
curves to the image plane side and the distortion increases in 
the plus direction, so that it is difficult to obtain satisfactory 
image-forming performance. In addition, it is also difficult to 
reduce the size of the imaging lens. On the other hand, when 
the value is below the lower limit of "0.5', the third lens has 
relatively strong refractive power. Therefore, although it is 
advantageous for correction of the astigmatism and the dis 
tortion, the axial chromatic aberration and the off-axis chro 
matic aberration of magnification are insufficiently corrected, 
so that it is difficult to obtain satisfactory image-forming 
performance. Moreover, it is difficult to secure the back focal 
length. 

According to an eighth aspect of the invention, when a 
composite focal length of the fourth lens and the fifth lens is 
f45 and a composite focal length of the sixth lens and the 
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6 
seventh lens is f67, the imaging lens having the above-de 
scribed configuration preferably satisfies the following con 
ditional expression (12): 

When the imaging lens satisfies the conditional expression 
(12), it is possible to restrain the field curvature, the distortion, 
and the chromatic aberration within satisfactory ranges in a 
balanced manner. When the value exceeds the upper limit of 
“5”, although it is advantageous for correction of the axial and 
the off-axis chromatic aberrations at a short wavelength rela 
tive to the reference wavelength, the image-forming Surface 
curves to the object side, and the distortion increases in the 
plus direction. For this reason, it is difficult to obtain satisfac 
tory image-forming performance. On the other hand, when 
the value is below the lower limit of "0.5', although it is 
advantageous for correction of the distortion, the image 
forming Surface curves to the image plane side, and theastig 
matic difference increases. For this reason, it is difficult to 
obtain Satisfactory image-forming performance. 

According to a ninth aspect of the invention, when the 
whole lens system has a focal length f, the composite focal 
length of the fourth lens and the fifth lens is fa5, the imaging 
lens having the above-described configuration preferably sat 
isfies the following conditional expression (13): 

When the imaging lens satisfies the conditional expression 
(13), it is possible to satisfactorily correct the chromatic aber 
ration and the astigmatism, while securing flatness of the 
image-forming Surface. When the value exceeds the upper 
limit of “-1.5', although it is advantageous for correcting the 
chromatic aberration, it is difficult to secure the flatness of the 
image-forming Surface. On the other hand, when the value is 
below the lower limit of “-7”, the astigmatic difference 
increases and it is difficult to secure the flatness of the image 
forming surface. Moreover, it is difficult to correct the chro 
matic aberration and it is difficult to obtain satisfactory 
image-forming performance. 

In order to more satisfactorily correct the chromatic aber 
ration and the astigmatism while securing the flatness of the 
image-forming Surface, according to a tenth aspect of the 
invention, the imaging lens having the above-described con 
figuration preferably satisfies the following conditional 
expression (13A): 

According to an eleventh aspect of the invention, when the 
fourth lens has a focal length fa and the fifth lens has a focal 
length fS, the imaging lens having the above-described con 
figuration preferably satisfies the following conditional 
expression (14): 

When the imaging lens satisfies the conditional expression 
(14), it is possible to restrain the field curvature, theastigma 
tism, the chromatic aberration, and the distortion within pre 
ferred ranges in a balanced manner. When the value exceeds 
the upper limit of “-1.5”, the axial chromatic aberration and 
the off-axis chromatic aberration of magnification increase 
and theastigmatic difference increases, so that it is difficult to 
obtain satisfactory image-forming performance. On the other 
hand, when the value is below the lower limit of “-8, the 
fourth lens has weak positive refractive power relative to the 
negative refractive power of the fifth lens. Therefore, 
although it is advantageous for correcting the axial and the 
off-axis chromatic aberrations, the astigmatic difference for 
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the off-axis light beams increases and the distortion increases 
in the plus direction, so that it is difficult to obtain satisfactory 
image-forming performance. 

According to a twelfth aspect of the invention, when the 
whole lens system has a focal length fand the fourth lens has 
a focallengthfa, the imaging lens having the above-described 
configuration preferably satisfies the following conditional 
expression (15): 

When the imaging lens satisfies the conditional expression 
(15), it is possible to satisfactorily correct the chromatic aber 
ration and the field curvature. When the value exceeds the 
upper limit of “15”, the fourth lens has weak refractive power 
relative to the refractive power of the whole lens system. 
Therefore, although it is advantageous for correction of the 
chromatic aberration of magnification for off-axis light 
beams, the image-forming Surface curves to the object side, 
so that it is difficult to obtain satisfactory image-forming 
performance. On the other hand, when the value is below the 
lower limit of '2', the axial chromatic aberration and the 
chromatic aberration of magnification are both insufficiently 
corrected, and the image-forming Surface curves to the image 
plane side, so that, also in this case, it is difficult to obtain 
satisfactory image-forming performance. 

According to a thirteenth aspect of the invention, the imag 
ing lens having the above-described configuration has the 
fifth lens, which has an object-side Surface having negative 
curvature radius and animage plane-side Surface having posi 
tive curvature radius. When the curvature radius of the object 
side surface of the fifth lens is R5f and the curvature radius of 
the image plane-side surface of the fifth lens is R5r, the 
imaging lens preferably satisfies the following conditional 
expression (16): 

When the imaging lens satisfies the conditional expression 
(16), it is possible to satisfactorily correct the chromatic aber 
ration of magnification and the astigmatism, while securing 
the flatness of the image-forming surface. When the value 
exceeds the upper limit of '-3', the Sagittal image surface in 
the astigmatism curves to the object side at the periphery of 
the image, so that it is difficult to secure the flatness of the 
image-forming Surface. In addition, the chromatic aberration 
of magnification is insufficiently corrected, so that it is diffi 
cult to obtain satisfactory image-forming performance. On 
the other hand, when the value is below the lower limit of 
“-15', although it is advantageous for correction of the chro 
matic aberration of magnification, the tangential image Sur 
face in theastigmatism curves to the image plane side, so that 
the astigmatic difference increases and it is difficult to obtain 
satisfactory image-forming performance. 

According to a fourteenth aspect of the invention, when the 
whole lens system has a focallength fand the seventh lens has 
a focal length f7, the imaging lens preferably satisfies the 
following conditional expression (17): 

When the imaging lens satisfies the conditional expression 
(17), it is possible to restrain the coma aberration, the chro 
matic aberration, and the distortion within preferred ranges in 
a balanced manner. When the value exceeds the upper limit of 
“-1’, although it is advantageous for correction of the axial 
chromatic aberration, the inner coma aberration increases for 
the off-axis light beams and the chromatic aberration of mag 
nification increases, so that it is difficult to obtain satisfactory 
image-forming performance. On the other hand, when the 
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8 
value is below the lower limit of “-8, although it is advan 
tageous for correction of the chromatic aberration of magni 
fication, outer coma aberration increases for the tangential 
image surface of off-axis light beams, and the distortion 
increases in the plus direction. For this reason, it is difficult to 
obtain Satisfactory image-forming performance. 

According to a fifteenth aspect of the invention, in order to 
more preferably correct the coma aberration, the chromatic 
aberration, and the distortion, the imaging lens having the 
above-described configuration preferably satisfies the fol 
lowing conditional expression (17A): 

According to the imaging lens of the invention, it is pos 
sible to provide a small imaging lens Suitable for mounting in 
a small-sized camera, while having high resolution with sat 
isfactorily corrected aberrations. 

(17A) 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a sectional view of a schematic configuration 
ofan imaging lens in Numerical Data Example 1 according to 
an embodiment of the invention; 

FIG. 2 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG. 1; 

FIG. 3 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG. 1: 

FIG. 4 shows a sectional view of a schematic configuration 
ofan imaging lens in Numerical Data Example 2 according to 
the embodiment of the invention; 

FIG. 5 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG. 4; 

FIG. 6 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG. 4; 

FIG. 7 shows a sectional view of a schematic configuration 
ofan imaging lens in Numerical Data Example 3 according to 
the embodiment of the invention; 

FIG. 8 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG. 7: 

FIG. 9 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG.7; 

FIG. 10 shows a sectional view of a schematic configura 
tion of an imaging lens in Numerical Data Example 4 accord 
ing to the embodiment of the invention; 

FIG. 11 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG. 10; 

FIG. 12 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG. 10; 

FIG. 13 shows a sectional view of a schematic configura 
tion of an imaging lens in Numerical Data Example 5 accord 
ing to the embodiment of the invention; 

FIG. 14 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG. 13; 

FIG. 15 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG. 13 

FIG. 16 shows a sectional view of a schematic configura 
tion of an imaging lens in Numerical Data Example 6 accord 
ing to the embodiment of the invention; 

FIG. 17 is an aberration diagram showing a lateral aberra 
tion of the imaging lens of FIG.16; and 
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FIG. 18 is an aberration diagram showing a spherical aber 
ration, astigmatism, and a distortion of the imaging lens of 
FIG. 16. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereunder, referring to the accompanying drawings, an 
embodiment of the present invention will be fully described. 

FIGS. 1, 4, 7, 10, 13 and 16 are schematic sectional views 
of imaging lenses in Numerical Data Examples 1 to 6 accord 
ing to the embodiment, respectively. Since a basic lens con 
figuration is the same among those Numerical Data 
Examples, the lens configuration of the embodiment will be 
described with reference to the illustrative sectional view of 
Numerical Data Example 1. 
As shown in FIG. 1, the imaging lens of the embodiment 

includes a first lens group G1 having positive refractive 
power, a second lens group G2 having negative refractive 
power, and a third lens group G3 having negative refractive 
power, arranged in the order from an object side to an image 
plane side. Between the third lens group G3 and an image 
plane IM of an imaging element, there may be provided a 
filter 10. The filter 10 may be optionally omitted. 
The first lens group G1 includes a first lens L1 having 

positive refractive power, an aperture stop ST, a second lens 
L2 having negative refractive power, and a third lens L3 
having positive refractive power, arranged in the order from 
the object side. The first lens L1 is formed in a shape such that 
a curvature radius r1 of an object-side surface thereof is 
positive and a curvature radius r2 of an image plane-side 
Surface thereof is negative, and has a shape of a biconvex lens 
near an optical axis X. Here, the shape of the first lens L1 is 
not limited to the one in Numerical Data Example 1. The 
shape of the first lens L1 can be any as long as the curvature 
radius r1 of the object-side surface thereof is positive, and can 
be a shape Such that the curvature radius r2 of the image 
plane-side Surface thereof is positive, i.e., a shape of a menis 
cus lens directing a convex surface thereof to the object side 
near the optical axis X. 
The second lens L2 is formed in a shape Such that a curva 

ture radius ral of an object-side surface thereof and a curvature 
radius r5 of an image plane-side surface thereof are both 
positive, and has a shape of ameniscus lens directing a convex 
surface thereof to the object side near the optical axis X. The 
shape of the second lens L2 is not limited to the one in 
Numerical Data Example 1. The shape of the second lens L2 
can be any as long as the curvature radius rS of the image 
plane-side Surface thereof is positive, and can be a shape Such 
that the curvature radius ral of the object-side surface thereof 
is negative, i.e., a shape of a biconcave lens near the optical 
axis X. 
The third lens L3 is formed in a shape such that a curvature 

radius ré of an object-side surface thereof is positive and a 
curvature radius r7 of an image plane-side Surface thereof is 
negative, and has a shape of a biconvex lens near the optical 
axis X. 
The second lens group G2 includes a fourth lens L4 having 

positive refractive power, and a fifth lens L5 having negative 
refractive power, arranged in the order from the object side. 
Among them, the fourth lens L4 is formed in a shape such that 
a curvature radius ris of an object-side surface thereof and a 
curvature radius r9 of an image plane-side surface thereofare 
both negative, and has a shape of a meniscus lens directing a 
concave Surface thereof to the object side near the optical axis 
X. 
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10 
The fifth lens L5 is formed in a shape such that a curvature 

radius r10 of an object-side surface thereof is negative and a 
curvature radius r11 of an image plane-side Surface thereof is 
positive, and has a shape of a biconcave lens near the optical 
axis X. Here, the shape of the fifth lens L5 is not limited to the 
one in Numerical Data Example 1. The shape of the fifth lens 
L5 can be any as long as the curvature radius r11 of the image 
plane-side surface thereof is positive. The shape of the fifth 
lens L5 can beformed in a shape such that the curvature radius 
r10 of the object-side surface thereof is positive, i.e., a shape 
of a meniscus lens directing a convex surface thereof to the 
object side near the optical axis X. 
The third lens group G3 includes a sixth lens L6 having 

negative refractive power and a seventh lens L7 having nega 
tive refractive power, arranged in the order from the object 
side. The sixth lens L6 is formed in a shape such that a 
curvature radius r12 of an object-side surface thereof and a 
curvature radius r13 of an image plane-side Surface thereof 
are both positive, and has a shape of a meniscus lens directing 
a convex surface thereof to the object side near the optical axis 
X. The seventh lens L7 is formed in a shape such that a 
curvature radius r14 of an object-side surface thereof and a 
curvature radius r15 of an image plane-side surface thereof 
are both positive, and has a shape of a meniscus lens directing 
a convex surface thereof to the object side near the optical axis 
X. 

Furthermore, in each of the sixth lens L6 and the seventh 
lens L7, the object-side surface thereof and the image plane 
side Surface thereof are formed as aspheric shapes having 
inflexion points. More specifically, each of the sixth lens L6 
and the seventh lens L7 is formed in a shape so as to have 
negative refractive power near the optical axis X and have 
stronger positive refractive power as it goes to the lens periph 
ery. With those shapes of the sixth lens L6 and the seventh lens 
L7, it is possible to satisfactorily correct axial chromatic 
aberration as well as off-axis chromatic aberration of magni 
fication. In addition, it is also possible to Suitably restrain 
incident angles of light beams emitted from the imaging lens 
to the image plane IM within the range of chief ray angle 
(CRA). 

Here, according to the embodiment, the sixth lens L6 and 
the seventh lens L7 have their both object-side surfaces and 
image plane-side Surfaces formed as aspheric shapes having 
inflexion points. However, it is not necessary to form both of 
those surfaces as aspheric shapes having inflexion points. 
Even when each of those lenses has an aspheric Surface hav 
ing an inflexion point only on one side surface, it is still 
possible to form both or one of those lenses in shapes so as to 
have negative refractive power near the optical axis X and 
have strong positive refractive power as it goes to the lens 
peripheries thereof. In addition, depending on required opti 
cal performances and degree of downsizing of the imaging 
lens, it is not always necessary to provide an inflexion point in 
the sixth lens L6 and the seventh lens L7. 
The imaging lens of the embodiment satisfies the following 

conditional expressions (1) to (17): 

20<w2.<35 (2) 

40<wd3<75 (3) 

20<w4-35 (4) 

20<wdS-35 (5) 
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In the above conditional expressions: 
vd1: Abbe’s number of a first lens L1 
vd2: Abbe’s number of a second lens L2 
vd3: Abbe’s number of a third lens L3 
vd4: Abbe’s number of a fourth lens L4 
vd5: Abbe’s number of a fifth lens L5 
vd6: Abbe’s number of a sixth lens L6 
vd7: Abbe’s number of a seventh lens. L7 
f: Focal length of the whole lens system 
f1: Focal length of the first lens L1 
f2: Focal length of the second lens L2 
f3: Focal length of the third lens L3 
f4: Focal length of the fourth lens L4 
f5: Focal length of the fifth lens L5 
f7: Focal length of the seventh lens. L7 
f45: Composite focal length of the fourth lens L4 and the fifth 

lens L5 
f67: Composite focal length of the sixth lens L6 and the 

seventh lens L7 
D34: Distance on an optical axis X between the third lens L3 

and the fourth lens L4 
R5f. Curvature radius of an object-side surface of the fifth 

lens L5 
R5r: Curvature radius of an image plane-side surface of the 

fifth lens L5 
The imaging lens of the embodiment satisfies the following 

conditional expressions (13A) and (17A) to further satisfac 
torily correct the aberrations: 

Here, it is not necessary to satisfy all of the conditional 
expressions, and it is achievable to obtain an effect corre 
sponding to the respective conditional expressions when any 
single one of the conditional expressions is individually sat 
isfied. 

In the embodiment, all lens surfaces of the respective 
lenses are formed as aspheric surfaces. When the aspheric 
Surfaces applied to the lens Surfaces have an axis Z in a 
direction of the optical axis X, a height H in a direction 
perpendicular to the optical axis X, a conical coefficient k, 
and aspheric coefficients A4, A6. As Alo, A12, A14, and A6, a 

(17A) 
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12 
shape of the aspheric Surfaces of the lens surfaces is expressed 
as follows: 

H2 Formula 1 

H2 
1 + 1 - (k+1) 

Next, Numerical Data Examples of the imaging lens of the 
embodiment will be described. In each Numerical Data 
Example, frepresents a focal length of the whole lens system, 
Fno represents an F number, and () represents a half angle of 
view, respectively. In addition, i represents a Surface number 
counted from the object side, r represents a curvature radius, 
d represents a distance on the optical axis between lens Sur 
faces (surface spacing), nd represents a refractive index for a 
d line (a reference wavelength), and Vd represents an Abbe’s 
number for the d line, respectively. Here, aspheric surfaces 
are indicated with surface numbers i affixed with * (asterisk). 

NUMERICAL DATA EXAMPLE 1. 

Basic data are shown below. 

f = 9.57 mm, Fno = 24, (i) = 32.1 
Unit: mm 

Surface Data 

Surface 
Number i r d ind wd 

(Object) ce ce 

1: 3.318 1.213 .5346 56.1 (=vd1) 
2: -39.261 -0.025 
3 ce O. 116 

(Stop) 
4: 33.984 O.298 .6355 24.0 (=vd2) 
5* 6.127 O.059 
6* 10.639 0.655 .5346 56.1 (=vd3) 
7: -62.349 O.949 

D34) 
8:8 -3.442 O.S62 .6355 24.0 (=vd4) 
9* -3.467 O.098 
10* -42.006 O.647 .6355 24.0 (=vd5) 

(=R5f) 
11: 13.772 0.571 

(=R5r) 
12: 9.539 1.099 .5346 56.1 (=vd6) 
13 * 6.640 O.S26 
148 12.045 1.544 .5346 56.1 (=vd7) 
15: 4.642 O440 
16 ce O.300 5168 64.2 
17 ce 1.063 
(Image ce 
plane) 

Aspheric Surface Data 

First Surface 

k = 0.000, A = -2.995E-03, A = -1.855E-04. As = -2.472E-04, 
A = -3.907E-06, A = -5.27OE-07, A = 2.761E-07, 
A = -1.217E-09 
Second Surface 

k = 0.000, A = 1.174E-02, A = -1.391E-02, As = 5.212E-03, Ao = 
-9.563E-04, A12 = 7.839E-05, A = -2.213E-06, A = 5.641E-08 
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-continued 

f = 8.93 mm, Fno = 2.8, (i) = 33.9° 
Unit: mm 

Eighth Surface 

k = 0.000, A = -8.809E-03, A = 1.883E-03, As = 1.021E-04, 
A = -2.569E-04, A = -2.580E-06, A = 1.061E-07, 
A = 2.437E-06 
Ninth Surface 

k = 0.000, A = -6.076E-03, A = 1.390E-03, As = -5.22OE-05, 
Ao = 1.206E-05, A = -3.014E-05, A = -1.892E-06, 
A = 1.631E-06 
Tenth Surface 

k = 0.000, A = -8.118E-03, A = -9.568E-04. As = -6.600E-07, 
Ao = 7.759E-06, A2 = 1.983E-07, A1 = 1.37OE-06, 
A = 1.286E-07 
Eleventh Surface 

k = 0.000, A = -1.04OE-02, A = -4.846E-04. As = 1.569E-04, 
Ao = 4.655E-06, A2 = 7.814E-07, A = 5.787E-08, 
A = -3.112E-09 
Twelfth Surface 

k = 0.000, A = -1.719E-02, A = 3.869E-04, As = -7.549E-05, 
Ao = -3.876E-06, A2 = -6.834E-07, A = -2.606E-08, 
A = -3.026E-09 
Thirteenth Surface 

k = 0.000, A = -1.312E-02, A = 1.113E-04, As = 1.496E-05, 
Ao = -2.63OE-06, A2 = -9.533E-08, A = 2.912E-09, 
A = 3.249E-10 
Fourteenth Surface 

k = 0.000, A = -2.466E-02, A = 1.435E-03, As = -2.603E-05, 
Ao = -7.716E-07, A12 =3.384E-09, A = 3.450E-10, 
A = 2.218E-10 
Fifteenth Surface 

k = -10.832, A = -8.158E-03, A = 4.589E-04. As = -1.305E-05, 
A = 1.129E-07, A = 1.019E-08, A = -5.212E-10, 
A = 6.303E-12 

f1 = 11.11 mm 
f2 = -11.18 mm 
f3 = 6.32 mm 
f\ = 27.43 mm 
fS = -16.67 mm 
f6 = -74.40 mm 
f7 = -14.04 mm 
f\15 = -35.47 mm 
f67 = -11.99 mm 

The values of the respective conditional expressions are as 
follows: 

f1/f-124 

f7ff -1.57 

fAffS=-1.65 
R5ffRSr=-3.05 

Accordingly, the imaging lens of Numerical Data Example 
6 satisfies the above-described conditional expressions. The 
distance on the optical axis X from the object-side surface of 
the first lens L1 to the image plane IM (length in air for the 
filter 10) is 10.41 mm, and downsizing of the imaging lens is 
attained. 

FIG. 17 shows the lateral aberration that corresponds to the 
image height ratio H, and FIG. 18 shows a spherical aberra 
tion (mm), astigmatism (mm), and a distortion (%), respec 
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24 
tively, of the imaging lens in Numerical Data Example 6. As 
shown in FIGS. 17 and 18, according to the imaging lens of 
Numerical Data Example 6, the aberrations are satisfactorily 
corrected. 

According to the above-described imaging lens of the 
embodiment, it is achievable to obtain a wide angle of view 
(2a)) of 80° or larger. For reference, the imaging lenses 
according to Numerical Data Examples 1 to 6 have wide 
angles of view of 64.2 to 85.2°. According to the imaging 
lens of the embodiment, it is possible to take an image of 
widerrange than the range that can be taken by a conventional 
imaging lens. 

Furthermore, in these days, with advancement in digital 
Zoom technology to enlarge any area of an image obtained 
through an imaging lens by image processing, an imaging 
element having a high pixel count has been frequently used in 
combination with a high-resolution imaging lens. In case of 
Such imaging element having a high pixel count, a light 
receiving area of each pixel decreases, so that an image 
obtained by the imaging element tends to be dark. In order to 
fix this issue, there is a method of improving light sensitivity 
of the imaging element using an electrical circuit. According 
to the method, however, since a noise component that does not 
directly contribute to formation of an image is also amplified 
as the light sensitivity increases, it is necessary to provide 
another circuit for reducing the noise. According to the imag 
ing lenses of Numerical Data Examples 1 to 6, Fno is as small 
as 2.1 to 2.8. According to the imaging lens of the embodi 
ment, it is possible to obtain Sufficiently bright image without 
providing such electrical circuit. 

Accordingly, when the imaging lens of the embodiment is 
applied in a camera for mounting in a portable device Such as 
cellular phones, portable information terminals, and Smart 
phones, and relatively small-sized cameras, Such as digital 
still cameras, security cameras, onboard cameras, and net 
work cameras, it is possible to attain both high functionality 
and downsizing of the cameras. 
The disclosure of Japanese Patent Application No. 2014 

002821, filed on Jan. 10, 2014, is incorporated in the appli 
cation by reference. 

While the invention has been explained with reference to 
the specific embodiment of the invention, the explanation is 
illustrative and the invention is limited only by the appended 
claims. 

What is claimed is: 
1. An imaging lens comprising: 
a first lens group having positive refractive power; 
a second lens group having negative refractive power, and 
a third lens group having negative refractive power, 

arranged in this order from an object side to an image 
plane side, 

wherein said first lens group includes a first lens having 
positive refractive power, a second lens having negative 
refractive power, and a third lens having positive refrac 
tive power, 

said second lens group includes a fourth lens and a fifth 
lens, 

said third lens group includes a sixth lens and a seventh 
lens, 

said fourth lens is formed in a shape so that a Surface on the 
object side thereof has a negative curvature radius, 

said fifth lens is formed in a shape so that a surface on the 
image plane side thereofhas a positive curvature radius, 
and 
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said first lens has an Abbe’s number vd 1, said second lens 
has an Abbe’s number vd2, and said third lens has an 
Abbe’s number vd3 so that the following conditional 
expressions are satisfied: 

2. The imaging lens according to claim 1, wherein said 
fourth lens has positive refractive power, 

said fifth lens has negative refractive power, and 
said fourth lens has an Abbe’s number vd4 and said fifth 

lens has an Abbe’s number vd5 so that the following 
conditional expressions are satisfied: 

20<wdS-35. 

3. The imaging lens according to claim 1, wherein said 
sixth lens has negative refractive power near an optical axis 
and positive refractive power increasing toward a periphery 
thereof, and 

said seventh lens has negative refractive power near the 
optical axis and positive refractive power increasing 
toward a periphery thereof. 

4. The imaging lens according to claim 1, wherein said 
third lens is disposed away from the fourth lens by a distance 
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D34 on an axial axis so that the following conditional expres 
sion is satisfied: 

where f is a focal length of a whole lens system. 
5. The imaging lens according to claim 1, wherein said first 

lens has a focal length fl so that the following conditional 
expression is satisfied: 

where f is a focal length of a whole lens system. 
6. The imaging lens according to claim 1, wherein said first 

lens has a focal length f1 and said second lens has a focal 
length f2 so that the following conditional expression is sat 
isfied: 

7. The imaging lens according to claim 1, wherein said first 
lens has a focal length f1 and said third lens has a focal length 
f3 so that the following conditional expression is satisfied: 

8. The imaging lens according to claim 1, wherein said 
fourth lens and said fifth lens have a composite focal length 
f45, and said sixth lens and said seventh lens have a composite 
focal length f67 so that the following conditional expression 
is satisfied: 
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