
Page 1 of 33

MOTOROLA MOBILITY 
EXHIBIT 1027



U.S. Patent Sep. 20, 2016 Sheet 1 of 18 US 9,448,386 B2 

FIG. 1 

  

Page 2 of 33



U.S. Patent Sep. 20, 2016 Sheet 2 of 18 US 9,448,386 B2 

. 

y: : taris--- E. 

afs S. --- 
Y 

I y 

--O.OF5 
Tangential 

- 

O. O 7 5 

-------is s 

Sagittal 
Lateral aberration (mm) 

FIG. 2 

---O.O.5 

EXT 0.075 

---O.O75 

- 4.36mm 
- 54.6mm 

- 656 

- 4.36m 

— 54.6mm 
656 

PX 

  

  

Page 3 of 33



US 9,448,386 B2 Sheet 3 of 18 Sep. 20, 2016 U.S. Patent 

| 70 

| 0 

  

Page 4 of 33



US 9,448,386 B2 Sheet 4 of 18 Sep. 20, 2016 U.S. Patent 

IM 

G2 G1 

G3 

FIG. 4 

Page 5 of 33



US 9,448,386 B2 U.S. Patent Sep. 20, 2016 Sheet S of 18 

EY 
H = 10 I 0.075 

fy 

His A- W 
". -- / s. Y 

1-0.075 1-0.075 
EY EX 

H = 0.7 I 0.075 I 0.075 

O. O 
E Y 

T-0.075 
Tangential 

E X O. O 7 5 

-0.075 
Sagittal 

Lateral aberration (mm) 

FIG. 5 

  

  

  

  

  

  

Page 6 of 33



US 9,448,386 B2 

----()Luuggg -------------- S --------------}UuugÇ?7 — • • – — · 

U.S. Patent 

  

Page 7 of 33



US 9,448,386 B2 Sheet 7 of 18 Sep. 20, 2016 U.S. Patent 

FIG. 7 

  

Page 8 of 33



U.S. Patent Sep. 20, 2016 Sheet 8 Of 18 US 9,448,386 B2 

E Y O. O 7 5 E X O. O 7 5 
H = 1.O . . . . . - 4.36mm 

— 54.6mm 

T '- I - 656 

..., it 2. / - RAtléississfis?-sy 1-to- test 
'. N/ x py s , - - - X 

: 
s 

T-0.075 T-0.075 
EY EX, 

H = 0.7 0.075 I 0.075 - 4.36mm 

-0.075 -0.075 
EY EX, 

H = O.O O.O75 0.075 – 436 

- 546 

T - 656 

Missis----------als Mississ----------assy 
y .. X 

I-0.075 T-0.075 
Tangential Sagittal 

Lateral aberration (mm) 

FIG. 8 

  

Page 9 of 33



6 "SDI 

US 9,448,386 B2 U.S. Patent 

  

Page 10 of 33



U.S. Patent Sep. 20, 2016 Sheet 10 of 18 US 9,448,386 B2 

1 O L 7 

H OE -- 

G1 G 2 

-- 

zillage 3 E. - 

G3 IM 

FIG. 10 

Page 11 of 33



U.S. Patent Sep. 20, 2016 

FYI OOF5 

Sheet 11 of 18 

E X 0.075 

-0.075 
O.O75 E X 

US 9,448,386 B2 

- 4.36mm 
- 546mm 
-------------. 656m 

- 436mm 

- 54.6mm 
656 

E. O. O 7 5 EX O. O 7 5 

-0.075 
Tangential 

-0.075 
Sagittal 

Lateral aberration (mm) 

FIG. 11 

  

  

  

  

  

  

  

  

  

  

Page 12 of 33



Page 13 of 33



U.S. Patent Sep. 20, 2016 Sheet 13 of 18 US 9,448,386 B2 

L7 \| 

C-t Y L6 

3 -31 
Li ST L2 L4 E-CA3 X X1. 

--- 22 D X-1 1. U.S. bi-l -1. --- 
ar c1 He 

1\ - 27 

G1 " G2 

G3 IM 

FIG. 13 

Page 14 of 33



U.S. Patent Sep. 20, 2016 Sheet 14 of 18 US 9,448,386 B2 

EY O.O75 EX 
H 1 O I O. O 7 5 

546 

I I - 656mm 

#4 ise Ele . a.------ re |--|-- - - - - a 
y- - | PX 

-I-O-OF5 -L-OOF5 

E O. O 7 5 E X O. O 7 5 
H O. 7 

terr 1 Fesis-- --- 

PY ... -- s8, . 

H O O 
E y 
I O. O 7 5 

E X. 
I O. O 7 5 4. 3 6 

T ---------------- 656 

F2 Friefessic-------- Fa Fe Reieshes ce. His 
- - - - PY -- - - - PX 

-0.075 -0.075 
Tangential Sagittal 

Lateral aberration (mm) 

FIG. 14 

  

Page 15 of 33



Page 16 of 33



U.S. Patent Sep. 20, 2016 Sheet 16 of 18 US 9,448,386 B2 

FIG. 16 

  

Page 17 of 33



U.S. Patent Sep. 20, 2016 

y 

Sheet 17 of 18 

E X 
H = 1.O I 0.075 

s 
e-g 

T-0.075 T-0.075 
EW EX 

H = 0.7 I 0.075 

-----|--|-- Freire-T-FF 
- - - - - - - - Py 

El 
HE O.O I 0.075 

is less--all. E ---- s 

Tangential 

EX 

Lateral aberration (mm) 

FIG. 17 

-O.O.75 
Sagittal 

US 9,448,386 B2 

  

  

  

Page 18 of 33



Page 19 of 33



US 9,448,386 B2 
1. 

MAGING LENS 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

The present invention relates to an imaging lens for 
forming 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 to be 
mounted in a relatively small camera such as a camera to be 
built in a portable device including a cellular phone and a 
portable informational terminal, a digital still camera, a 
security camera, a vehicle onboard camera, and a network 
CaCa. 

In these years, in place of cellular phones intended mainly 
for making phone calls, so-called Smartphones, i.e., cellular 
phones with functions of portable information terminals 
(PDAs) and/or personal computers, have been more widely 
used. 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 according to specifi 
cations for beginners to advanced users. Among them, an 
imaging lens to be mounted in the products designed for 
advanced users is required to have a high-resolution lens 
configuration so as to be also applicable to a high pixel count 
imaging element developed in these years. 
As a method of attaining a high-resolution imaging lens, 

there is a method of increasing the number of lenses that 
compose the imaging lens. However, the increase of the 
number of lenses easily causes an increase in the size of the 
imaging lens, so that the lens configuration having a large 
number of lenses is disadvantageous to be mounted in a 
small-sized camera such as the above-described cellular 
phones and Smartphones. For this reason, the imaging lens 
has been developed so as to restrain the number of lenses as 
small as possible. However, with rapid advancement in these 
days for achieving a higher pixel count of an imaging 
element, an imaging lens has been developed so as to attain 
higher resolution rather than a shorter total track length of 
the imaging lens. As an example, there is an advent of a 
camera unit formed to be able to obtain an image that is 
equivalent to that of a digital still camera by attaching the 
camera unit to a cellular phone or a Smartphone, which is 
different from a conventional camera unit containing an 
imaging lens and an imaging element to be mounted inside 
a cellular phone or a Smartphone. 

In case of a lens configuration composed of seven lenses, 
since the number of lenses that compose an imaging lens is 
large, it is somewhat disadvantageous for downsizing of the 
imaging lens. However, since there is high flexibility in 
designing, it has potential of attaining satisfactory correction 
of aberrations and downsizing in a balanced manner. For 
example, as a lens configuration composed of seven lenses, 
an imaging lens described in Patent Reference has been 
known. 

Patent Reference: Japanese Patent Application Publica 
tion No. 2012-155223 

The imaging lens described in Patent Reference includes 
a first lens having a biconvex shape; a second lens that is 
joined to the first lens and has a biconcave shape; 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 
concave surface thereof to the object side; a fifth lens that is 
negative and has a convex surface directing to the object 
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2 
side; a sixth lens having a biconvex shape; and a seventh 
lens having a biconcave shape, arranged in the order from 
the object side. 

According to the imaging lens disclosed in Patent Refer 
ence, when restraining a ratio between a focal length of a 
first lens group composed of the lenses from the first lens to 
the fourth lens to a focal length of a second lens group 
composed of the lenses from the fifth lens to the seventh lens 
in a certain range, it is possible to attain downsizing of the 
imaging lens and satisfactory correction of aberrations. 
The imaging lens described in Patent Reference has a 

Small size, but aberrations on an image plane are not 
sufficiently corrected and especially distortion is relatively 
large. Therefore, there is a limit by itself in achieving a 
high-resolution imaging lens. According to the lens configu 
ration described in Patent Reference, it is difficult to achieve 
satisfactory aberration correction while downsizing the 
imaging lens. 

Here, such an issue is not a problem specific to the 
imaging lens to be mounted in cellular phones and Smart 
phones. Rather, it is a common problem even for an imaging 
lens to be mounted in a relatively small camera Such as 
digital still cameras, portable information terminals, security 
cameras, vehicle onboard cameras, and network cameras. 

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

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

SUMMARY OF THE PRESENT 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 an object side to an 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 having positive refractive 
power and a seventh lens having negative refractive power. 

According to the first aspect of the present invention, 
when the first lens has an Abbe’s number vd1, the second 
lens has an Abbe’s number vd2, the third lens has an Abbe’s 
number vd3, the sixth lens has an Abbe’s number vdé, and 
the seventh lens has an Abbe’s number vd7, the imaging lens 
of the present invention satisfies the following conditional 
expressions (1) to (5): 

20<v2-3S (2) 

40<ve-75 (4) 

According to the first aspect of the present invention, in 
the imaging lens, there are arranged the first lens group 
having positive refractive power and the second lens group 
having negative refractive power, so that a chromatic aber 
ration is satisfactorily corrected in those lens groups. There 
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fore, according to the imaging lens of the present invention, 
it is possible to satisfactorily correct aberrations, especially 
the chromatic aberration, and obtain satisfactory image 
forming performance, which is necessary for a high-resolu 
tion imaging lens. In addition, according to the imaging lens 
of the present invention, since the third lens group has 
negative refractive power, it is possible to Suitably downsize 
the imaging lens. 

The first lens group includes three lenses, refractive 
powers of which are arranged in the order of positive, 
negative, and positive. Those three lenses are made from 
lens materials that satisfy the conditional expressions (1) to 
(3), respectively. With the order of refractive powers of the 
respective lenses and the arrangement of the Abbe’s num 
bers, in the first lens group, it is possible to Suitably restrain 
generation of the chromatic aberration and satisfactorily 
correct the chromatic aberration if generated. 

Furthermore, according to the first aspect of the present 
invention, in the imaging lens, the third lens group includes 
two lenses, which are positive and negative lenses and are 
made to be a combination of a lens made of a low-dispersion 
lens material and a lens made of a high-dispersion lens 
material. So as to satisfy the above-described conditional 
expressions (4) and (5). For this reason, it is possible to more 
satisfactorily correct aberrations generated in the first lens 
group and the second lens group, especially the chromatic 
aberration. Generally speaking, in order to attain a high 
resolution imaging lens, it is necessary to satisfactorily 
correct aberrations, especially the chromatic aberration. 

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

According to a second aspect of the present invention, 
when the fourth lens has negative refractive power, the fifth 
lens has negative refractive power, the fourth lens has an 
Abbe’s number vd4, and the fifth lens has an Abbe’s number 
vd5, the imaging lens having the above-described configu 
ration preferably satisfies the following conditional expres 
sions (6) and (7): 

20<v4-35 (6) 

20<wS-35 (7) 

According to the second aspect of the present invention, 
the second lens of the first lens group and the seventh lens 
of the third lens group respectively have negative refractive 
power and are respectively formed of high-dispersion mate 
rials as indicated in the above conditional expressions (2) 
and (5). According to the imaging lens of the present 
invention, the second lens group disposed between the first 
lens group and the third lens group has negative refractive 
power. The respective lenses that compose the second lens 
group are made of high-dispersion materials as indicated in 
the conditional expressions (6) and (7). 

Therefore, according to the second aspect of the present 
invention, it is possible to more satisfactorily correct the 
chromatic aberration. Here, the second lens group is com 
posed of two lenses, so that the respective lenses can have 
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4 
Smaller refractive powers than when the second lens group 
is composed of one lens, and thereby it is easy to correct 
aberrations. 

According to a third aspect of the present invention, in the 
imaging lens having the above-described configuration, the 
sixth lens and the seventh lens are preferably formed as 
aspheric shapes such that positive refractive powers thereof 
are increasing toward the lens peripheries thereof from an 
optical axis. 

According to the third aspect of the present invention, the 
sixth lens and the seventh lens that compose the third lens 
group are formed in shapes such that positive refractive 
powers thereof become strong toward the lens peripheries 
thereof from the optical axis. With the configuration, it is 
possible to satisfactorily correct an off-axis chromatic aber 
ration of magnification as well as an axial chromatic aber 
ration, and it is also possible to Suitably restrain an incident 
angle of a light beam emitted from the imaging lens to an 
imaging element. As is well known, in case of an imaging 
element of a CCD sensor, a CMOS sensor or the like, a range 
of incident angle of a light beam that can be taken in a sensor 
(so-called “chief ray angle (CRA)') is set in advance. Since 
the sixth lens and the seventh lens have the above-described 
lens shapes, it is possible to suitably restrain the incident 
angle of a light beam emitted from the imaging lens to an 
image plane within the range of CRA. Therefore, it is 
possible to Suitably restrain generation of shading, which is 
a phenomenon of becoming dark on the image periphery. 

According to a fourth aspect of the present invention, 
when the whole lens system has a focal length f, and a 
distance on an optical axis between the fifth lens and the 
sixth lens is D56, the imaging lens having the above 
described configuration preferably satisfies the following 
conditional expression (8): 

0.02<D56f-0.15 (8) 

When the imaging lens satisfies the conditional expres 
sion (8), it is possible to satisfactorily correct the chromatic 
aberration and a distortion, while reducing the size of the 
imaging lens. In addition, when the imaging lens satisfies the 
conditional expression (8), it is also possible to restrain the 
incident angle of a light beam emitted from the imaging lens 
to the imaging element within the range of CRA. When the 
value exceeds the upper limit of "0.15', it is easy to restrain 
the incident angle to the imaging element within the range 
of CRA, and it is advantageous for correction of the chro 
matic aberration. However, since a back focal length is short, 
it is difficult to secure space for disposing an insert Such as 
an infrared cut-off filter. Moreover, in the astigmatism, a 
Sagittal image 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 "0.02, although it is advantageous for correction of the 
distortion, an astigmatic difference increases. Furthermore, 
the chromatic aberration of magnification is excessively 
corrected (an image-forming point at a short wavelength 
moves in a direction away from the optical axis relative to 
an image-forming point at a reference wavelength), so that 
it is difficult to obtain satisfactory image-forming perfor 
mance. Moreover, in this case, it is also difficult to restrain 
the incident angle to the imaging element within the range 
of CRA. 

According to a fifth aspect of the present invention, when 
the whole lens system has a focal length fand a composite 
focal length from the first lens to the third lens is fl23, the 

Page 21 of 33



US 9,448,386 B2 
5 

imaging lens having the above-described configuration pref 
erably satisfies the following conditional expression (9): 

When the imaging lens satisfies the conditional expres 
sion (9), it is possible to restrain astigmatism and the 
chromatic aberration within Satisfactory ranges in a balanced 
manner, while reducing the size of the imaging lens. When 
the value exceeds the upper limit of “1.2, the positive 
refractive power of the first lens group is weak relative to the 
refractive power of the whole lens system. Therefore, 
although it is advantageous for correcting the chromatic 
aberration and securing the back focal length, it is difficult 
to attain downsizing of the imaging lens. In addition, in the 
astigmatism, a tangential image surface curves to the image 
plane side and the astigmatic difference increases, so that it 
is difficult to obtain satisfactory image-forming perfor 
aCC. 

On the other hand, when the value is below the lower limit 
of "0.6”, the positive refractive power of the first lens group 
is strong relative to the refractive power of the whole lens 
system, so that the negative refractive power of the second 
lens in the first lens group is relatively weak. For this reason, 
although it is advantageous for downsizing of the imaging 
lens and correction of theastigmatism, it is difficult to secure 
the back focal length. Moreover, the axial chromatic aber 
ration is insufficiently corrected (a focal position at a short 
wavelength moves to the object side relative to a focal 
position at a reference wavelength), and the chromatic 
aberration of magnification is insufficiently corrected (an 
image-forming point at a short wavelength moves in a 
direction close to the optical axis relative to an image 
forming point at a reference wavelength). Therefore, it is 
difficult to obtain satisfactory image-forming performance. 

According to a sixth aspect of the present invention, when 
the whole lens system has a focal length fand a composite 
focal length of the sixth lens and the seventh lens is fö7, the 
imaging lens having the above-described configuration pref 
erably satisfies the following conditional expression (10): 

-15<f67f-1.5 (10) 

When the imaging lens satisfies the conditional expres 
sion (10), it is possible to restrain the astigmatism, the 
distortion, and the chromatic aberration within Satisfactory 
ranges in a balanced manner. When the value exceeds the 
upper limit of “-1.5”, it is advantageous for correcting the 
chromatic aberration of magnification. However, the distor 
tion increases in a plus direction and the astigmatic differ 
ence increases at image periphery, so that it is difficult 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 
distortion and correction of the axial chromatic aberration, 
the astigmatic difference increases and the chromatic aber 
ration of magnification is insufficiently corrected for the 
off-axis light beams, so that it is difficult to obtain satisfac 
tory image-forming performance. 

According to a seventh aspect of the present invention, in 
order to more satisfactorily correct the astigmatism, the 
distortion, and the chromatic aberration, the imaging lens 
having the above-described configuration preferably satis 
fies the following conditional expression (10A): 

-12<f67f-1.5 (10A) 

According to an eighth aspect of the present invention, 
when the sixth lens has a focal length f6 and a composite 
focal length of the fourth lens and the fifth lens is f45, the 
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6 
imaging lens having the above-described configuration pref 
erably satisfies the following conditional expression (11): 

When the imaging lens satisfies the conditional expres 
sion (11), it is possible to satisfactorily correct the chromatic 
aberration, the distortion, and the astigmatism, while 
restraining the incident angle of a light beam emitted from 
the imaging lens to the imaging element within the range of 
CRA. When the value exceeds the upper limit of "-0.1, the 
positive refractive power of the sixth lens is weak relative to 
the refractive power of the second lens group, so that it is 
easy to secure the back focal length. However, the distortion 
increases in the plus direction and the chromatic aberration 
of magnification is excessively corrected for the off-axis 
light beams, 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, although it is easy to restrain the incident angle to 
the imaging element within the range of CRA, the distortion 
increases in the minus direction and the chromatic aberration 
of magnification is insufficiently corrected for the off-axis 
light beams. In addition, the astigmatic difference increases. 
Therefore, it is difficult to obtain satisfactory image-forming 
performance. 

According to a ninth aspect of the present invention, when 
the whole lens system has a focal length fand the fourth lens 
has a focal length f4, the imaging lens having the above 
described configuration preferably satisfies the following 
conditional expression (12): 

-15<f24ff-3 (12) 

When the imaging lens satisfies the conditional expres 
sion (12), it is possible to satisfactorily correct a spherical 
aberration, the chromatic aberration, and a field curvature. 
When the value exceeds the upper limit of “-3', the negative 
refractive power of the fourth lens is strong relative to the 
refractive power of the whole lens system, so that it is 
advantageous for correction of the axial chromatic aberra 
tion, the chromatic aberration of magnification, and the 
spherical aberration. However, since the periphery of the 
image-forming Surface curves to the object side, it is difficult 
to satisfactorily correct the field curvature. 
On the other hand, when the value is below the lower limit 

of “-15', the axial chromatic aberration and the chromatic 
aberration of magnification are both insufficiently corrected, 
and the periphery of the image-forming Surface curves to the 
image plane side, so that it is difficult to satisfactorily correct 
the field curvature. Therefore, in either case, it is difficult to 
obtain satisfactory image-forming performance. 

In order to more satisfactorily correct the spherical aber 
ration, the chromatic aberration, and the field curvature, 
according to a tenth aspect of the present invention, the 
imaging lens having the above-described configuration pref 
erably satisfies the following conditional expression (12A): 

According to an eleventh aspect of the present invention, 
when the whole lens system has a focal length fand the first 
lens has a focal length fl, the imaging lens having the 
above-described configuration preferably satisfies the fol 
lowing conditional expression (13): 

When the imaging lens satisfies the conditional expres 
sion (13), it is possible to restrain the astigmatism, the 
chromatic aberration, and the spherical aberration within the 
preferred ranges in a balanced manner, while downsizing the 
imaging lens. When the value exceeds the upper limit of 
“2.0', the first lens has weak refractive power relative to the 
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refractive power of the whole lens system. Therefore, 
although it is easy to secure the back focal length, it is 
difficult to attain downsizing of the imaging lens. In addi 
tion, in the astigmatism, the Sagittal image Surface curves to 
the object side, and 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 "0.5', although it is advantageous for downsizing of the 
imaging lens, it is difficult to secure the back focal length. 
Moreover, in the astigmatism, the tangential image surface 
curves to the image plane side, and the astigmatic difference 
increases. In addition, the spherical aberration increases. 
Therefore, it is difficult to obtain satisfactory image-forming 
performance. 

According to a twelfth aspect of the present invention, 
when the first lens has a focal length fl, the second lens has 
a focal length f2, the imaging lens having the above 
described configuration preferably satisfies the following 
conditional expression (14): 

When the imaging lens satisfies the conditional expres 
sion (14), it is possible to restrain the spherical aberration, 
the astigmatism, the field curvature, and the chromatic 
aberration within preferred ranges in a balanced manner. 
When the value exceeds the upper limit of "-0.5', the 
negative refractive power of the second lens is strong 
relative to the refractive power of the whole lens system. 
Therefore, although it is advantageous for correction of the 
axial chromatic aberration and the spherical aberration, the 
astigmatic difference increases. Accordingly, it is difficult to 
obtain satisfactory image-forming performance. 
On the other hand, when the value is below the lower limit 

of “-4, the refractive power of the second lens is weak 
relative to the refractive power of the whole lens system, so 
that the axial chromatic aberration and the chromatic aber 
ration of magnification are both insufficiently corrected. In 
addition, the image-forming Surface curves to the object 
side. Therefore, it is difficult to obtain satisfactory image 
forming performance. 

According to a thirteenth aspect of the present invention, 
when the first lens has a focal length fl and the third lens has 
a focal length f3, the imaging lens having the above 
described configuration preferably satisfies the following 
conditional expression (15): 

When the imaging lens satisfies the conditional expres 
sion (15), it is possible to satisfactorily correct the chromatic 
aberration and the spherical aberration. When the value 
exceeds the upper limit of “4”, the refractive power of the 
third lens is weak relative to the refractive power of the 
whole lens system. Therefore, the axial chromatic aberration 
is insufficiently corrected, and it is difficult to correct the 
spherical aberration. 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 “1”, it is advantageous for correction of the spherical 
aberration and correction of the chromatic aberration. How 
ever, the chromatic aberration of the Sagittal light beam at 
image periphery increases. Therefore, it is difficult to obtain 
satisfactory image-forming performance. 

According to the imaging lens of the present invention, it 
is possible to provide a small-sized imaging lens, which is 
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8 
especially Suitable for mounting in a small-sized camera, 
while having satisfactorily corrected aberrations and high 
resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

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

FIG. 4 shows a sectional view of a schematic configura 
tion of an imaging lens in Numerical Data Example 2 
according to the embodiment of the present invention; 

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

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

FIG. 7 shows a sectional view of a schematic configura 
tion of an imaging lens in Numerical Data Example 3 
according to the embodiment of the present invention; 

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

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

FIG. 10 shows a sectional view of a schematic configu 
ration of an imaging lens in Numerical Data Example 4 
according to the embodiment of the present invention; 

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

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

FIG. 13 shows a sectional view of a schematic configu 
ration of an imaging lens in Numerical Data Example 5 
according to the embodiment of the present invention; 

FIG. 14 is an aberration diagram showing a lateral aber 
ration of the imaging lens of FIG. 13: 

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

FIG. 16 shows a sectional view of a schematic configu 
ration of an imaging lens in Numerical Data Example 6 
according to the embodiment of the present invention; 

FIG. 17 is an aberration diagram showing a lateral aber 
ration of the imaging lens of FIG. 16; and 

FIG. 18 is an aberration diagram showing a spherical 
aberration, 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 the imaging lenses in Numerical Data Examples 1 to 6 
according to the embodiment, respectively. Since a basic 
lens configuration 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. 
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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 is provided a filter 10. 
The filter 10 is omissible. 
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 
and a curvature radius r2 of an image plane-side Surface 
thereofare both positive, so as to have a shape of a meniscus 
lens directing a convex surface to the object side near an 
optical axis X. The shape of the first lens L1 is not limited 
to the one in Numerical Data Example 1. The first lens L1 
can be formed in any shape as long as the curvature radius 
r1 of the object-side surface thereof is positive. The first lens 
L1 can be formed in a shape such that the curvature radius 
r2 of the image plane-side Surface thereof is negative, i.e., a 
shape of a biconvex lens near the optical axis X. Numerical 
Data Example 3 is an example, in which the first lens L1 has 
a shape of a biconvex lens near the optical axis X. Here, 
according to the imaging lens of the embodiment, there is 
provided an aperture stop ST on the image plane-side 
surface of the first lens L1. 
The second lens L2 is formed in a shape such that a 

curvature radius r3 of an object-side surface thereof and a 
curvature radius ral of an image plane-side Surface thereof 
are both positive, so as to have a shape of a meniscus lens 
directing a convex surface to the object side near the optical 
axis X. Here, the shape of the second lens L2 is not limited 
to the one in Numerical Data Example 1. The second lens L2 
can be formed in any shape as long as the curvature radius 
r4 of the image plane-side surface thereof is positive. The 
second lens L2 can also be formed in a shape Such that the 
curvature radius r3 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 r5 of an object-side surface thereof and a 
curvature radius ré of an image plane-side Surface thereof 
are both positive, so as to have a shape of a meniscus lens 
directing a convex surface to the object side near the optical 
axis X. The shape of the third lens L3 is not limited to the 
one in Numerical Data Example 1. The third lens L3 can be 
formed in any shape as long as the curvature radius rS of the 
object-side surface thereof is positive. For example, the third 
lens L3 can also be formed in a shape such that the curvature 
radius ré of the image plane-side surface thereof is negative, 
i.e., a shape of a biconvex lens near the optical axis X. 
The second lens group G2 includes a fourth lens L4 

having negative 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 r7 of an object-side 
Surface thereof and a curvature radius r8 of an image 
plane-side Surface thereofare both negative, so as to have a 
shape of a meniscus lens directing a concave surface to the 
object side near the optical axis X. 
The fifth lens L5 is formed in a shape such that a curvature 

radius r9 of an object-side surface thereof and a curvature 
radius r10 of an image plane-side surface thereof are both 
positive, so as to have a shape of a meniscus lens directing 
a convex surface to the object side near the optical axis X. 
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10 
Here, the shape of the fifth lens L5 is not limited to the one 
in Numerical Data Example 1. The fifth lens L5 can also be 
formed in a shape such that the curvature radius r9 of the 
object-side surface thereof and the curvature radius r10 of 
the image plane-side Surface thereof are both negative, i.e., 
a shape of a meniscus lens directing a concave surface to the 
object side near the optical axis X. Alternatively, the fifth 
lens L5 can also be formed in a shape such that the curvature 
radius r9 of the object-side surface thereof is negative and 
the curvature radius r10 of the image plane-side surface 
thereof is positive, i.e., a shape of a biconcave lens near the 
optical axis X. Numerical Data Example 3 is an example, in 
which the fifth lens L5 is formed in a shape of a meniscus 
lens directing a concave Surface to the object side near the 
optical axis X. 
The third lens group G3 includes a sixth lens L6 having 

positive refractive power and the seventh lens L7 having 
negative refractive power, arranged in the order from the 
object side. The sixth lens L6 is formed in a shape such that 
a curvature radius r11 of an object-side surface thereof and 
a curvature radius r12 of an image plane-side Surface thereof 
are both positive, so as to have a shape of a meniscus lens 
directing a convex surface to the object side near the optical 
axis X. In addition, the seventh lens L7 is formed in a shape 
such that a curvature radius r13 of an object-side surface 
thereof and a curvature radius r14 of an image plane-side 
Surface thereof are both positive, so as to have a shape of a 
meniscus lens directing a convex surface thereof to the 
object side near the optical axis X. 

In the sixth lens L6 and the seventh lens L7, the object 
side Surfaces thereof and the image plane-side Surfaces 
thereof are formed as aspheric shapes having inflexion 
points, and are formed in shapes so as to have strong positive 
refractive powers toward the lens peripheries from the 
optical axis X. With those shapes of the sixth lens L6 and the 
seventh lens L7, it is possible to satisfactorily correct an 
off-axis chromatic aberration of magnification as well as an 
axial chromatic aberration. In addition, it is also possible to 
Suitably restrain the incident angle of a light beam emitted 
from the imaging lens to the image plane IM within the 
range of a chief ray angle (CRA). 

Here, according to the embodiment, both the object-side 
Surfaces and the image plane-side Surfaces of the sixth lens 
L6 and the seventh lens L7 are formed as aspheric shapes 
having inflexion points. However, it is not necessary to form 
the both surfaces as aspheric shapes having inflexion points. 
Even when one of those Surfaces is formed as an aspheric 
shape having an inflexion point, it is still possible to form 
one or both of the sixth lens L6 and the seventh lens L7 in 
a shape So as to have strong positive refractive power toward 
the lens periphery from the optical axis X. Moreover, 
depending on required optical performance and/or the 
degree of downsizing of the imaging lens, it may not be 
necessary to provide an inflexion point on the sixth lens L6 
and the seventh lens L7. 

The imaging lens of the embodiment satisfies the follow 
ing conditional expressions (1) to (15): 

20<v2-3S (2) 
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20<v4-35 (6) 

20<wS-35 (7) 

0.02<D56f-0.15 (8) 

-15<f67f-1.5 (10) 

-15<f24ff-3 (12) 

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 a whole lens system 
fl: 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 
f6: Focal length of the sixth lens L6 
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 
f123: Composite focal length of the lenses from the first lens 
L1 to the third lens L3 
D56: Distance on an optical axis X between the fifth lens L5 
and the sixth lens L6 

In order to more satisfactorily correct aberrations, the 
imaging lens of the embodiment satisfies the following 
conditional expressions (10A) and (12A): 

(15) 

-12<f67f-1.5 (10A) 

Here, it is not necessary to satisfy all of the above 
conditional expressions, and it is achievable to obtain an 
effect corresponding to the respective conditional expres 
sions when any single one of the above conditional expres 
sions is individually satisfied. 

In the embodiment, all lens surfaces of the respective 
lenses are formed as an aspheric Surface. When the aspheric 
shapes 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 conic constant k, and 
aspheric coefficients A4, A6. As Alo, A12, A14, and A16, the 
shapes of the aspheric Surfaces of the lens Surfaces are 
expressed as follows: 
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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, f represents 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 curva 
ture radius, d represents a distance between lens Surfaces 
(Surface spacing) on the optical axis, nd represents a refrac 
tive index, and va represents an Abbe’s number, respec 
tively. Here, aspheric surfaces are indicated with surface 
numbers i affixed with * (asterisk). 

Numerical Data Example 1 

Basic lens data are shown below. 
f = 8.04 mm, Fno = 1.8, Go = 36.7° 

Unit: mm 

Surface Data 

Surface 
Number i r d ind wd 

(Object) ce ce 

1: 3.533 1.315 1.5346 56.1 (=vd1) 
2* (Stop) 32.140 O.O67 
3: 9.059 O.365 1.63SS 24.0 (=vd2) 
4: 4.420 O.O76 
5* 5.948 O.701 1.5346 56.1 (=vd3) 
6* 18.226 1.016 
7: -3.745 O.330 1.63SS 24.0 (=vd4) 
8:8 -4.940 O. 101 
9* 30.217 1.053 1.63SS 24.0 (=vd5) 
10* 20.289 0.394 (=D56) 
11 * 4.4O6 1.095 1.5346 56.1 (=vd6) 
12: 5.672 O.698 
13 * 7.325 1.425 1.63SS 24.0 (=vd7) 
148 3.753 O440 
15 ce O.300 1.S168 642 
16 ce O.S30 
(Image ce 
plane) 

Aspheric Surface Data 

First Surface 

k = 0.000, A = -1.83OE-03, A = 1.363E-04, As = -1.227E-04, 
A = 2.595E-07, A = -2.790E-07, A = -8.280E-08, 
A = 8.141E-09 
Second Surface 

k = 0.000, A = 1.280E-02, A = -1.457E-02, As = 5.183E-03, 
A = -9.113E-04, A12 = 5.259E-05, A = 5.804E-06, 
A = -7418E-07 
Third Surface 

k = 0.000, A = 1.459E-02, A = -2.057E-02, As = 7.412E-03, 
A = -1.296E-03, A2 = 9.735E-05, A = 1.62OE-06, 
A = -5.796E-07 
Fourth Surface 

k = 0.000, A = 5.572E-03, A = -1.275E-02, As = 3.429E-03, 
A = -3.506E-04, A12 = 1.621E-06, A = -4.572E-07, 
A = 1.498E-07 
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-continued 

Basic lens data are shown below. 
f = 8.04 mm, Fno = 1.8, Go = 36.7° 

Unit: mm 

Fifth Surface 

k = 0.000, A = 5.066E-03, A = -3.926E-03, As = 1.347E-03, 
Ao = -1.231E-04, A = -2.627E-07, A = 9.933E-07, 
A = -4.663E-08 
Sixth Surface 

k = 0.000, A = -3.072E-03, A = 7.384E-04, As = 9.673E-04, 
Ao = -3.384E-04, A12 = 2.739E-05, A = 5.139E-06, 
A = -9.157E-07 
Seventh Surface 

k = 0.000, A = -1.163E-02, A = 1.853E-03, As = -8.807E-07, 
Ao = -2.749E-05, A = -1.385E-05, A = 1.477E-06, 
A = 3.064E-07 
Eighth Surface 

k = 0.000, A = -1.143E-02, A = 2.318E-03, As = 5.775E-06, 
A = 7.657E-06, A2 = -8.628E-07, A = -1.81OE-06, 
A = 6.733E-07 
Ninth Surface 

k = 0.000, A = -5.674E-03, A = -6.296E-04, As = 4.171E-05, 
Ao = -8.677E-06, A = -3.752E-07, A = 8.901E-08, 
A = -2.474E-08 
Tenth Surface 

k = 0.000, A = -6.851E-03, A = -1.387E-04, As = 5.738E-05, 
Ao = -3.989E-06, A2 = 2.015E-07, A = -1.889E-09, 
A = -1.03OE-09 
Eleventh Surface 

k = 0.000, A = -1.075E-02, A = -1.82OE-05, A = 2.366E-06, 
A = 5.268E-07, A2 = -4.773E-09, A = 4.042E-10, 
A = -9.365E-11 
Twelfth Surface 

k = 0.000, A = -5.711E-03, A = -3.528E-04, A = 3.504E-05, 
Ao = -1.708E-06, A2 = 3.413E-08, A = 1.354E-10, 
A = -1.309E-11 
Thirteenth Surface 

k = 0.000, A = -2.086E-02, A = 1.367E-03, As = -3.316E-05, 
Ao = -2.029E-08, A2 = 5.364E-09, A = 2.437E-11, 
A = 2.910E-12 
Fourteenth Surface 

k = -6.723, A = -8.556E-03, A = 4.592E-04, As = -1.667E-05, 
A = 2.942E-07, A2 = 1.150E-08, A = -6.750E-10, 
A = 8.820E-12 

f1 = 7.31 mm 
f2 = -14.01 mm 
f3 = 16.19 mm 
f\ = -27.27 mm 
f5 = -101.34 mm 
f6 = 28.38 mm 
f7 = -14.33 mm 
f\5 = -20.98 mm 
f67 = -46.34 mm 
f123 = 7.64 mm 

The values of the respective conditional 
expressions are as follows: 

Accordingly, the imaging lens of Numerical Data 
Example 1 satisfies the above-described conditional expres 
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14 
sions. 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 9.80 mm, and downsizing of the 
imaging lens is attained. 

FIG. 2 shows a lateral aberration that corresponds to a 
ratio H of each image height to the maximum image height 
(hereinafter referred to as “image height ratio H') in the 
imaging lens of Numerical Data Example 1, which is 
divided into a tangential direction and a Sagittal direction 
(The same is true for FIGS. 5, 8, 11, 14, and 17). Further 
more, FIG. 3 shows a spherical aberration (mm), astigma 
tism (mm), and a distortion (%), respectively, of the imaging 
lens of Numerical Data Example 1. In the aberration dia 
grams, for the lateral aberration diagrams and spherical 
aberration diagrams, aberrations at respective wavelengths, 
i.e. a gline (435.84 nm), an e line (546.07 nm), and a C line 
(656.27 nm) are indicated. In the astigmatism diagram, an 
aberration on a sagittal image surface S and an aberration on 
a tangential image surface T are respectively indicated (The 
same is true for FIGS. 6, 9, 12, 15, and 18). As shown in 
FIGS. 2 and 3, according to the imaging lens of Numerical 
Data Example 1, the aberrations are satisfactorily corrected. 

Numerical Data Example 2 

Basic lens data are shown below. 
f = 7.94 mm, Fno = 1.8, (i) = 37.1° 

Unit: mm 

Surface Data 

Surface 
Number i r d ind wd 

(Object) ce ce 

1: 3.557 1.235 1.5346 56.1 (=vd1) 
2* (Stop) 32.077 O.08O 
3: 9.575 O.371 1.63SS 24.0 (=vd2) 
4: 4.489 0.077 
5* 6.066 O.648 1.5346 56.1 (=vd3) 
6* 17.517 O.976 
7: -3.765 0.507 1.63SS 24.0 (=vd4) 
8:8 -4.237 O.047 
9* 33.893 O.818 1.63SS 24.0 (=vd5) 
10* 22.281 1.062 (=D56) 
11 * 4.498 1.090 1.5346 56.1 (=vd6) 
12: 5.358 0.679 
13 * 6.8OS 1.030 1.63SS 24.0 (=vd7) 
148 3.68O O440 
15 ce O.300 1.S168 642 
16 ce O.S30 
(Image ce 
plane) 

Aspheric Surface Data 

First Surface 

k = 0.000, A = -1.726E-03, A = 1.683E-04, As = -1.209E-04, 
A = -4.321E-08, A2 = -4.405E-07, A = -1.069E-07, 
A = 8.333E-09 
Second Surface 

k = 0.000, A = 1.292E-02, A = -1.457E-02, As = 5.182E-03, 
A = -9.118E-04, A12 = 5.248E-05, A = 5.791E-06, 
A = -7.380E-07 
Third Surface 

k = 0.000, A = 1.456E-02, A = -2.055E-02, As = 7.42OE-03, 
A = -1.295E-03, A2 = 9.758E-05, A = 1.604E-06, 
A = -6.025E-07 
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-continued 

Basic lens data are shown below. 
f = 7.13 mm, Fno = 1.8, Go = 40.1 

Unit: mm 

Fourth Surface 

k = 0.000, A = 5.576E-03, A = -1.267E-02, A = 3.43OE-03, 
Ao = -3.536E-04, A12 = 6.974E-07, A = -6.692E-07, 
A = 1.037E-07 
Fifth Surface 

k = 0.000, A = 5.354E-03, A = -3.869E-03, As = 1.361E-03, 
Ao = -1.203E-04, A = -9.243E-08, A = 9.064E-07, 
A = -8.594E-08 
Sixth Surface 

k = 0.000, A = -2.753E-03, A = 7.228E-04, As = 9.74OE-04, 
Ao = -3.408E-04, A12 = 2.629E-05, A = 4.900E-06, 
A = -9.518E-07 
Seventh Surface 

k = 0.000, A = -1.254E-02, A = 1.885E-03, As = 1.201E-05, 
A = -2.526E-05, A2 = -1.356E-05, A = 1.46OE-06, 
A = 2.920E-07 
Eighth Surface 

k = 0.000, A = -1.071E-02, A = 2.269E-03, As = 9.876E-06, 
Ao = 8.80OE-06, A = -5.499E-07, A = -1.706E-06, 
A = 7.008E-07 
Ninth Surface 

k = 0.000, A = -4.373E-03, A = -4.920E-04, As = 2.796E-05, 
Ao = -7.886E-06, A = -4.923E-08, A = 1.211E-07, 
A = -2.476E-08 
Tenth Surface 

k = 0.000, A = -7.245E-03, A = -1.221E-04, As = 6.054E-05, 
A = -3.833E-06, A2 = 2.039E-07, A = -2.213E-09, 
A = -1.144E-09 
Eleventh Surface 

k = 0.000, A = -1.069E-02, A = -2.733E-06, As = 2.429E-06, 
Ao = 5.305E-07, A = -4.447E-09, A = 4.514E-10, 
A = -8.823E-11 
Twelfth Surface 

k = 0.000, A = -5.109E-03, A = -3.704E-04, As = 3.505E-05, 
Ao = -1.697E-06, A2 = 3.443E-08, A = 1.225E-10, 
A = -1.460E-11 
Thirteenth Surface 

k = 0.000, A = -2.099E-02, A = 1.372E-03, As = -3.298E-05, 
A = -1.749E-08, A2 = 5.423E-09, A = 1.878E-11, 
A = 2.471E-12 
Fourteenth Surface 

k = -5.732, A = -8.088E-03, A = 4.53OE-04, As = -1.67OE-05, 
Ao = 3.003E-07, A12 = 1.169E-08, A = -6.728E-10, 
A = 8.694E-12 

f1 = 7.39 mm 
f2 = -14.01 mm 
f3 = 15.90 mm 
f\ = -102.92 mm 
fS = -87.59 mm 
f6 = 30.44 mm 
f7 = -17.04 mm 
f\5 = -45.81 mm 
f67 = -67.65 mm 
f123 = 7.73 mm 

The values of the respective conditional 
expressions are as follows: 
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24 
-continued 

Basic lens data are shown below. 
f = 7.13 mm, Fno = 1.8, Go = 40.1 

Unit: mm 

Accordingly, the imaging lens of Numerical Data 
Example 6 satisfies the above-described conditional expres 
sions. 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 9.36 mm, and downsizing of the 
imaging lens is attained. 

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

According to the imaging lens of the embodiment 
described above, it is achievable to have an angle of view 
(2CD) that is as wide as 80° or larger. Here, the imaging lenses 
of the above-described Numerical Data Examples 1 through 
6 have angles of view that are as wide as 57.8° to 80.2°. 
According to the imaging lens of the embodiment, it is 
possible to take an image over a wider range than that taken 
by a conventional imaging lens. 

Furthermore, in these years, with advancement in digital 
Zoom technology for enlarging any area of an image 
obtained through an imaging lens by image processing, it 
becomes more common to use an imaging element having a 
high pixel count in combination with a high-resolution 
imaging lens. In case of Such a high-pixel count imaging 
element, a light-receiving area of each pixel is Smaller, so 
that an image taken tends to be dark. As a method to correct 
this issue, there is a method of improving light-receiving 
sensitivity of the imaging element using an electrical circuit. 
However, when the light-receiving sensitivity is increased, a 
noise component that does not directly contribute to image 
formation is also amplified, so that it is necessary to use 
another circuit to reduce the noise. According to the imaging 
lenses of Numerical Data Examples 1 to 6, Fno is very small, 
as Small as 1.8 to 2.1. According to the imaging lens of the 
embodiment, it is possible to obtain sufficiently bright 
images without providing the above-described electrical 
circuit. 

Accordingly, when the imaging lens of the embodiment is 
applied to an imaging optical system such as a camera for 
mounting in a portable device including cellular phones, 
portable information terminals, and Smartphones, digital still 
cameras, security cameras, onboard cameras, and network 
cameras, it is possible to attain both high performance and 
downsizing of the cameras. 
The present invention is applicable to an imaging lens for 

mounting in a relatively small-sized camera Such as a 
camera for mounting in a portable device including cellular 
phones, Smartphones, and portable information terminals, 
digital still cameras, security cameras, onboard cameras, and 
network cameras. 
The disclosure of Japanese Patent Application No. 2014 

002858, filed on Jan. 10, 2014, is incorporated in the 
application by reference. 
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While the present invention has been explained with 
reference to the specific embodiment of the present inven 
tion, the explanation is illustrative and the present 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 nega 
tive refractive power, and a third lens having positive 
refractive power, 

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

said third lens group includes a sixth lens having positive 
refractive power and a seventh lens having negative 
refractive power, 

said fourth lens is formed in a meniscus shape so that a 
concave Surface thereof faces the object side near an 
optical axis thereof, 

said first lens has an Abbe’s number vd1, said second lens 
has an Abbe’s number vd2, said third lens has an 
Abbe’s number vd3, said sixth lens has an Abbe’s 
number vdé, and said seventh lens has an Abbe’s 
number vd7 so that the following conditional expres 
sions are satisfied: 

said fourth lens has a focal length f4 so that the following 
conditional expression is satisfied: 

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

fourth lens has negative 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<wS-35. 

3. The imaging lens according to claim 1, wherein said 
fifth lens is disposed away from the sixth lens by a distance 
D56 on an optical axis so that the following conditional 
expression is satisfied: 

4. The imaging lens according to claim 1, wherein said 
first lens, said second lens, and said third lens have a 
composite focal length f123 so that the following condi 
tional expression is satisfied: 
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5. The imaging lens according to claim 1, wherein said 

sixth lens and said seventh lens have a composite focal 
length fö7 so that the following conditional expression is 
satisfied: 

6. 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 has a focal length fö so that the 
following conditional expression is satisfied: 

7. 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 nega 
tive refractive power, and a third lens having positive 
refractive power, 

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

said third lens group includes a sixth lens having positive 
refractive power and a seventh lens having negative 
refractive power, 

said third lens is formed in a meniscus shape so that a 
convex surface thereof faces the object side near an 
optical axis thereof, 

said fourth lens is formed in a meniscus shape so that a 
concave surface thereof faces the object side near an 
optical axis thereof, and 

said first lens has an Abbe’s number vd1, said second lens 
has an Abbe’s number vd2, said third lens has an 
Abbe’s number vd3, said sixth lens has an Abbe’s 
number vdé, and said seventh lens has an Abbe’s 
number vd7 so that the following conditional expres 
sions are satisfied: 

20<v7-35. 

8. The imaging lens according to claim 7, wherein said 
fourth lens has negative 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: 

9. The imaging lens according to claim 7, wherein said 
fifth lens is disposed away from the sixth lens by a distance 
D56 on an optical axis so that the following conditional 
expression is satisfied: 

where f is a focal length of a whole lens system. 
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10. The imaging lens according to claim 7, wherein said 
first lens, said second lens, and said third lens have a 
composite focal length f123 so that the following condi 
tional expression is satisfied: 

where f is a focal length of a whole lens system. 
11. The imaging lens according to claim 7, wherein said 

sixth lens and said seventh lens have a composite focal 
length fö7 so that the following conditional expression is 
satisfied: 

where f is a focal length of a whole lens system. 
12. The imaging lens according to claim 7, wherein said 

fourth lens and said fifth lens have a composite focal length 
f45, and said sixth lens has a focal length fö so that the 
following conditional expression is satisfied: 

13. The imaging lens according to claim 7, wherein said 
fourth lens has a focal length f4 so that the following 
conditional expression is satisfied: 

where f is a focal length of a whole lens system. 
14. 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 nega 
tive refractive power, and a third lens having positive 
refractive power, 

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

said third lens group includes a sixth lens having positive 
refractive power and a seventh lens having negative 
refractive power, 

said third lens is formed in a meniscus shape so that a 
convex surface thereof faces the object side near an 
optical axis thereof, 

said first lens has an Abbe’s number vd1, said second lens 
has an Abbe’s number vd2, said third lens has an 
Abbe’s number vd3, said sixth lens has an Abbe’s 
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number vdé, and said seventh lens has an Abbe’s 
number vd7 so that the following conditional expres 
sions are satisfied: 

said fifth lens is disposed away from the sixth lens by a 
distance D56 on an optical axis so that the following 
conditional expression is satisfied: 

where f is a focal length of a whole lens system. 
15. The imaging lens according to claim 14, wherein said 

fourth lens has negative 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: 

16. The imaging lens according to claim 14, wherein said 
first lens, said second lens, and said third lens have a 
composite focal length f123 so that the following condi 
tional expression is satisfied: 

17. The imaging lens according to claim 14, wherein said 
sixth lens and said seventh lens have a composite focal 
length fö7 so that the following conditional expression is 
satisfied: 

-15<f67f-1.5. 

18. The imaging lens according to claim 14, wherein said 
fourth lens and said fifth lens have a composite focal length 
f45, and said sixth lens has a focal length fö so that the 
following conditional expression is satisfied: 

–2<f245(f6<-0.1. 

19. The imaging lens according to claim 14, wherein said 
fourth lens has a focal length f4 so that the following 
conditional expression is satisfied: 
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