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IMAGING LENS 

0001. The present application is based on and claims pri 
ority of Japanese patent application No. 2012-254881 filed on 
Nov. 21, 2012, the entire contents of which are hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to imaging lenses 
which form an image of an object on a solid-state image 
sensor such as a CCD sensor or C-MOS sensor used in a 
compact image pickup device and more particularly to imag 
ing lenses which are built in image pickup devices mounted in 
mobile terminals such as Smart phones and mobile phones, 
which are becoming increasingly compact and thin, and 
PDAS (Personal Digital Assistants), game consoles and infor 
mation terminals such as PCs. 
0004 2. Description of the Related Art 
0005. In recent years, the market of tablet multifunctional 
terminals as typified by Smart phones has been rapidly 
expanding. Today, mobile terminals which incorporate high 
performance, high-quality cameras comparable to digital still 
cameras are becoming popular and high-pixel density cam 
eras of over 8 megapixels are becoming mainstream. Since 
the trend towards high-pixel density cameras is expected to be 
accelerated, there is a growing demand for high-performance 
imaging lenses built in image pickup devices which cope with 
this trend. Furthermore, since portability and convenience are 
important for mobile terminals, there is a strong demand for 
thinner models. This accelerates the need for thinner image 
pickup device models and thinner imaging lenses built 
therein. 
0006. At the same time, the imaging lenses are expected to 
ensure high brightness to cope with the increase in the number 
of pixels and provide a wide angle of view to capture an image 
of an object in a wider perspective. 
0007. In addition to many types of imaging lens composed 
of four lenses which have been proposed so far, imaging 
lenses composed of five or six lenses are proposed in order to 
meet the trend toward more compactness and thinness and 
higher performance. 
0008 For example, JP-A-2007-264180 (Patent Document 
1) discloses an imaging lens which includes, in order from the 
object side, a positive first lens having a convex object-side 
Surface, a negative meniscus second lens having a concave 
image-side Surface, a positive meniscus third lens having a 
convex image-side surface, a negative fourth lens as a double 
sided aspheric lens having a concave image-side Surface near 
the optical axis, and a positive or negative fifth lens as a 
double-sided aspheric lens. 
0009. Also, JP-A-2011-085733 (Patent Document 2) dis 
closes an imaging lens system which includes, in order from 
the object side, a first lens group including a first lens with a 
convex object-side Surface, a second lens group including a 
second lens with a concave image-side Surface, a third lens 
group including a meniscus third lens with a concave object 
side Surface, a fourth lens group including a meniscus fourth 
lens with a concave object-side Surface, and a fifth lens group 
including a meniscus fifth lens with an aspheric object-side 
Surface having an inflexion point, and an imaging lens com 
posed of six lenses including a positive lens having a slightly 
convex surface on the object side of the above lens system and 
a slightly concave surface on its image side. 
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0010. The imaging lens described in Patent Document 1, 
composed of five lenses, offers a high-performance imaging 
lens system which can correct axial chromatic aberration and 
chromatic aberration of magnification and copes with the 
increase in the number of pixels, by optimizing the lens mate 
rial and lens Surface shapes. However, its total track length is 
about 8 mm and there is difficulty in applying it to an increas 
ingly thin image pickup device. Also, the F-number is about 
2.8 and the angle of view is about 32 degrees, which is not 
Sufficient to provide high brightness and a wide angle of view 
as expected in recent years. 
0011 Patent Document 2 discloses a high-resolution 
imaging lens which is relatively low-profile, in which the total 
track length of the five-lens type is about 6 mm and that of the 
six-lens type is about 6.6 mm. However, in this technique, the 
F-number is about 2.8 and the angle of view is about 32 
degrees, so it is difficult to provide all the following features 
as expected in recent years: high resolution, low-profile 
design, high brightness, and a wide angle of view. 

SUMMARY OF THE INVENTION 

0012. The present invention has been made in view of the 
above problem and an object thereof is to provide a low-cost 
imaging lens which can correct various aberrations properly 
in spite of a small F-number and is more low-profile than ever 
though it uses more lenses than ever to achieve higher perfor 
mance and also offers a relatively wide angle of view. 
0013 The expression “low-profile' used herein means 
that the ratio of the imaging lens total track length (the dis 
tance on the optical axis from the lens Surface nearest to the 
object to the image plane) to the diagonal length of the effec 
tive imaging plane of the image sensor (hereinafter referred to 
as “total track length to diagonal ratio’) is less than 1.0, 
namely the imaging lens total track length is shorter than the 
diagonal length of the effective imaging plane. A high-bright 
ness lens (fast lens) with a small F-number herein means that 
the lens has an F-number of 2.0 or less and the expression 
“wide angle of view' used herein means a total view angle of 
70 degrees or more. 
0014. According to one aspect of the present invention, 
there is provided an imaging lens with a fixed focal length 
which forms an image of an object on a solid-state image 
sensor, in which lenses are arranged in the following order 
from an object side to an image side: a first lens group with 
positive refractive power, a second lens group with positive 
refractive power, and a third lens group with negative refrac 
tive power. The first lens group includes a first lens with 
positive refractive power having a convex object-side Surface 
and a second lens with negative refractive power having a 
concave image-side surface near the optical axis which are 
arranged in order from the object side. The second lens group 
includes a third lens and a fourth lens each having at least one 
aspheric Surface which are arranged in order from the object 
side. The third lens group includes a fifth lens with negative 
refractive power having a concave object-side Surface near 
the optical axis, a sixth lens with positive refractive power 
having a convex image-side Surface near the optical axis, and 
a seventh lens with negative refractive power having a con 
cave image-side Surface near the optical axis which are 
arranged in order from the object side. The lenses are not 
joined to each other and the image-side Surface of the seventh 
lens has an aspheric Surface whose shape changes from con 
cave to convex as the distance from the optical axis increases. 
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0015. In the above imaging lens, the first lens group, near 
est to the object among the three lens groups, and the second 
lens group located on the image side of the first lens group 
have both positive refractive power while the third lens group, 
nearest to the image plane, has negative refractive power. This 
is virtually a telephoto configuration in which the image side 
principal point of the lens system can be easily moved toward 
the object. This refractive power arrangement is intended to 
shorten the total track length. 
0016 Since the first lens group is composed of the first 
lens with positive refractive power having a convex object 
side Surface and the second lens with negative refractive 
power having a concave image-side Surface, chromatic aber 
ration generated in the first lens is easily corrected by the 
second lens. 

0017 Preferably the first lens is a biconvex lens. If the 
object-side and image-side Surfaces are both convex, both the 
Surfaces share the burden of providing the required positive 
refractive power and thus the required refractive power can be 
obtained without the need for a smaller curvature radius than 
necessary. To decrease the refractive power of a lens Surface 
is effective in lowering manufacturing error sensitivity. 
0018. Also, preferably the object-side surface of the sec 
ond lens has a convex shape near the optical axis and is an 
aspheric Surface whose positive refractive power decreases 
toward its periphery. If the object-side surface of the second 
lens is such an aspheric Surface, the negative refractive power 
in the peripheral area can be strengthened so that the height of 
off-axial light rays can be controlled adequately. Conse 
quently the distance between the first lens group and the 
second lens group can be shortened, which is advantageous 
for a low-profile design. 
0019. The second lens group is a combination of the third 
lens with positive or negative refractive power and the fourth 
lens with positive or negative refractive power and has a 
positive composite focal length. Since at least one Surface of 
each of both the lenses is an aspheric Surface, it is easy to 
properly correct spherical aberration, off-axial coma aberra 
tion and astigmatism which are generated in the first lens 
group. 

0020. The third lens may have a biconvex shape, meniscus 
shape or biconcave shape near the optical axis and the fourth 
lens may have a biconvex shape or meniscus shape with a 
convex object-side surface near the optical axis. If all the 
Surfaces of the second lens group are aspheric, not only 
spherical aberration, coma aberration, and astigmatism but 
also chromatic aberration of magnification and distortion can 
be corrected more effectively. Furthermore, the distance 
between the first lens group and the third lens group can be 
shortened by adopting aspheric Surfaces in which the thick 
ness difference between the lens central area and peripheral 
area is Small and the difference in the amount of Sagamong 
the Surfaces is Small. 

0021. The third lens group uses the fifth lens with negative 
refractive power, located nearest to the object in the group, to 
correct chromatic aberration generated in the second lens 
group and also uses its concave object-side Surface to control 
the height of off-axial light rays adequately. In addition, the 
sixth lens has relatively strong positive refractive power to 
ensure a short total track length and the seventh lens with 
relatively strong negative refractive power having a concave 
image-side surface near the optical axis also ensures a short 
total track length while providing an adequate back focus. 

May 22, 2014 

0022. If the sixth lens has a biconvex shape near the optical 
axis, strong positive refractive power is obtained, offering an 
advantage in shortening the total track length. If both the 
surfaces of the sixth lens are aspheric with their peripheral 
areas inclined toward the object, it is easy to Suppress various 
aberrations and control the angle of principal light rays inci 
dent on the image sensor properly. 
0023 The image-side surface of the seventh lens has a 
concave shape near the optical axis, So it is easy to shorten the 
total track length. Also the Surface is an aspheric Surface 
whose shape changes from concave to convex as the distance 
from the optical axis increases, so it is easy to correct various 
aberrations at high image height and the angle of principal 
light rays incident on the image sensor can be properly con 
trolled. 
0024. The seventh lens at least has a concave image-side 
Surface near the optical axis and may be a biconcave lens or 
meniscus lens with a concave image-side Surface. If it is a 
meniscus lens with a concave image-side Surface, the object 
side surface may be an aspheric Surface whose shape changes 
from convex to concave as the distance from the optical axis 
increases so that various aberrations are corrected effectively. 
0025 Preferably the imaging lens according to the present 
invention satisfies the following conditional expressions (1) 
and (2): 

45<v1<70 (1) 

20<V2-3S (2) 

where 
0026 val: Abbe number of the first lens at d-ray 
0027 va2: Abbe number of the second lens at d-ray 
0028. The conditional expression (1) defines an appropri 
ate range of the Abbe number of the first lens and the condi 
tional expression (2) defines an appropriate range of the Abbe 
number of the second lens and both the expressions indicate 
the conditions to correct chromatic aberration properly. If the 
value in the conditional expression (1) is below its lower limit 
and the value in the conditional expression (2) is above its 
upper limit, the difference in variance between the first lens 
and second lens would be small, resulting in insufficient 
correction of chromatic aberration. If the value in the condi 
tional expression (1) is above its upper limit and the value in 
the conditional expression (2) is below its lower limit, the 
balance between axial chromatic aberration and chromatic 
aberration of magnification would worsen and the perfor 
mance would deteriorate in the peripheral area. 
(0029. More preferably the Abbe numbers of the first lens 
and second lens satisfy not only the above conditional expres 
sions (1) and (2) but also the following conditional expression 
(3): 

1.663vd1/wd2<2.66 (3) 

0030) If they satisfy the conditional expression (3), chro 
matic aberration can be corrected more effectively. 
0031 Preferably the imaging lens according to the present 
invention satisfies the following conditional expressions (4) 
and (5): 

20<VS-35 (4) 

45<v6-30 (5) 

where 
0032 va5: Abbe number of the fifth lens at d-ray 
0033 va6: Abbe number of the sixth lens at d-ray 
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0034. The conditional expression (4) defines an appropri 
ate range of the Abbe number of the fifth lens and the condi 
tional expression (5) defines an appropriate range of the Abbe 
number of the sixth lens. If the value in the conditional 
expression (4) is below its lower limit and the value in the 
conditional expression (5) is above its upper limit, the differ 
ence in variance between the fifth lens and sixth lens would be 
Small, resulting in insufficient correction of chromatic aber 
ration. If the value in the conditional expression (4) is above 
its upper limit and the value in the conditional expression (5) 
is below its lower limit, the balance between axial chromatic 
aberration and chromatic aberration of magnification would 
worsen and the performance would deteriorate in the periph 
eral area. The conditional expression (4) is also related to 
correction of chromatic aberration generated in the second 
lens group, located nearer to the object than the third lens 
group. 
0035 More preferably the Abbe numbers of the fifth lens 
and sixth lens satisfy not only the above conditional expres 
sions (4) and (5) but also the following conditional expression 
(6): 

0036. If they satisfy the conditional expression (6), chro 
matic aberration can be corrected more effectively. 
0037 Preferably the imaging lens according to the present 
invention satisfies the following conditional expressions (7) 
and (8): 

0.62<fl/f-1.01 (7) 

–2.58<f2/f-0.87 (8) 

where 
0038 f: focal length of the overall imaging lens system 
0039 fl: focal length of the first lens 
0040 f2: focal length of the second lens 
0041. The conditional expression (7) defines an appropri 
ate range of the ratio of the focal length of the first lens to the 
focal length of the overall lens system. If the ratio in the 
conditional expression (7) is below its lower limit, the refrac 
tive power of the first lens would be strong relative to the 
refractive power of the overall lens system, unfavorably mak 
ing aberration correction difficult and resulting in rise in 
manufacturing error sensitivity. If the ratio in the conditional 
expression (7) is above its upper limit, the refractive power of 
the first lens would be weak relative to the refractive power of 
the overall lens system, bringing a disadvantage in the 
achievement of a short total track length. 
0042. The conditional expression (8) defines an appropri 
ate range of the ratio of the focal length of the second lens to 
the focal length of the overall lens system. If the ratio in the 
conditional expression (8) is below its lower limit, the refrac 
tive power of the second lens would be weak relative to the 
refractive power of the overall lens system, making it difficult 
to correct chromatic aberration. If the ratio in the conditional 
expression (8) is above its upper limit, the refractive power of 
the second lens would be strong relative to the refractive 
power of the overall lens system, making it difficult to correct 
spherical aberration and coma aberration. 
0043. In connection with the conditional expressions (7) 
and (8), it is more preferable that the following conditional 
expressions (7a) and (8a) be satisfied: 
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0044 Preferably the imaging lens according to the present 
invention satisfies the following conditional expression (9): 

0.96<f12/f-2.07 (9) 

where 
0045 f: focal length of the overall imaging lens system 
0046) f12: composite focal length of the first lens group 
0047. The conditional expression (9) defines an appropri 
ate range of the ratio of the composite focal length of the first 
and second lenses of the first lens group to the focal length of 
the overall lens system. If the ratio in the conditional expres 
sion (9) is below its lower limit, the positive refractive power 
of the first lens group would be strong relative to the refractive 
power of the overall lens system, offering an advantage in the 
achievement of a low-profile design but making it difficult to 
correct chromatic aberration. If the ratio in the conditional 
expression (9) is above its upper limit, the positive refractive 
power of the first lens group would be weak relative to the 
refractive power of the overall lens system, making it difficult 
to correctastigmatism and also bringing a disadvantage in the 
achievement of a low-profile design. 
0048. In connection with the conditional expression (9), it 
is more preferable that the following conditional expression 
(9a) be satisfied: 

1.08<fl2/f-1.90 (9a) 

0049 Preferably the imaging lens according to the present 
invention satisfies the following conditional expression (10): 

0.65</12/34-1.67 (10) 

where 
0050 f12: composite focal length of the first lens group 
0051 f34: composite focal length of the second lens group 
0.052 The conditional expression (10) defines an appro 
priate range of the ratio of the composite focal length of the 
first and second lenses of the first lens group to the composite 
focal length of the third and fourth lenses of the second lens 
group. If the ratio in the conditional expression (10) is below 
its lower limit, the refractive power of the first lens group 
would be strong relative to the refractive power of the second 
lens group, making it difficult to correct chromatic aberration. 
If the ratio in the conditional expression (10) is above its 
upper limit, the refractive power of the first lens group would 
be weak relative to the refractive power of the second lens 
group, making it difficult to correct coma aberration and 
astigmatism. 
0053. In connection with the conditional expression (10), 

it is more preferable that the following conditional expression 
(10a) be satisfied: 

0.73<f12/34-1.53 (10a) 

0054 Preferably the imaging lens according to the present 
invention satisfies the following conditional expression (11): 

-2.37<f567/f-0.55 (11) 

where 
0055 f: focal length of the overall imaging lens system 
0056 f$67: composite focal length of the third lens group 
0057 The conditional expression (11) defines an appro 
priate range of the ratio of the composite focal length of the 
fifth, sixth, and seventh lenses of the third lens group to the 
focal length of the overall lens system. If the ratio in the 
conditional expression (11) is below its lower limit, the 
refractive power of the third lens group would be weak rela 
tive to the refractive power of the overall lens system, offering 
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an advantage in the achievement of a short total track length 
but making it difficult to correct chromatic aberration. If the 
ratio in the conditional expression (11) is above its upper 
limit, the refractive power of the third lens group would be 
strong relative to the refractive power of the overall lens 
system, making it difficult to correct coma aberration and 
astigmatism. 
0058. In connection with the conditional expression (11), 

it is more preferable that the following conditional expression 
(11a) be satisfied: 

-2.18<f567/f-0.62 (11a) 

0059 Preferably the imaging lens according to the present 
invention satisfies the following conditional expression (12): 

O.77<TLAA2il 31.0 (12) 

where 
0060 TLA: distance on the optical axis from the object 
side surface of the first lens to the image plane when the filter 
and the like are removed (total track length in air) 
0061 ih: maximum image height 
0062. The conditional expression (12) defines an appro 
priate range of the total track length to diagonal ratio and 
indicates the condition to achieve a low-profile design. If the 
ratio in the conditional expression (12) is above its upper 
limit, the total track length of the imaging lens is longer than 
the length of the diagonal of the effective imaging plane of the 
image sensor, making it difficult to achieve a low-profile 
design. If the ratio is below its lower limit, the total track 
length would be too short for the constituent lenses to be 
arranged. 
0063 Preferably the imaging lens according to the present 
invention satisfies the following conditional expressions (13) 
and (14): 

O.78<XE/TLA 30.85 (13) 

0.15<bf/TLA <0.22 (14) 

where 

0064 Xd: distance on the optical axis from the object-side 
surface of the first lens to the image-side surface of the sev 
enth lens 

0065 bf: distance on the optical axis from the image-side 
surface of the seventh lens to the image plane when the filter 
and the like are removed (back focus) 
0066. The conditional expressions (13) and (14) define an 
appropriate relation between the space for the arrangement of 
the constituent lenses and the back focus, using their ratios to 
the total track length. If the ratio in the conditional expression 
(13) is above its upper limit and the ratio in the conditional 
expression (14) is below its lower limit, the back focus would 
be too short to obtain space for the arrangement of an IR cut 
filter and the like. If the ratio in the conditional expression 
(13) is below its lower limit and the ratio in the conditional 
expression (14) is above its upper limit, it would be easy to 
obtain an adequate back focus but it would be difficult to 
improve the performance because the available space for the 
constituent lenses is decreased and the design freedom of lens 
shapes including aspheric shapes is restricted. 
0067 Preferably, in the imaging lens according to the 
present invention, an aperture stop is located between the first 
and second lenses or on the object side of the first lens. When 
the aperture stop is located nearer to the object in the lens 
system, the exit pupil can be remoter from the image plane 
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and the angle of incidence on the image sensor of light rays 
focused on the peripheral area of the image plane can be 
controlled more easily. 
0068. The imaging lens according to the present invention 
provides brightness with an F-number of 2.0 or less and more 
specifically, it provides very high brightness (1.6-Fno-1.8). 
0069 Generally, the smaller the F-numberis, the larger the 
entrance pupil diameter or lens effective diameter is and the 
larger the incident luminous flux diameter is. It implies that 
spherical aberration increases and particularly various aber 
rations of off-axial light rays increase. Therefore, when the 
F-number is Smaller, more means must be provided to correct 
the increased aberrations. In the present invention, three lens 
groups or seven lenses are provided and each lens group and 
the constituent lenses of each lens group are designed to have 
optimum refractive power respectively and adequate aspheric 
surfaces are formed on all the lens surfaces so that the lens 
system can correctaberrations properly though the F-number 
is Small. 
0070 If high brightness as mentioned above is not 
required, the entrance pupil diameter may be Smaller to 
reduce the required lens diameter or similar high performance 
can be achieved without making all the lens Surfaces have 
aspheric Surfaces. 
0071. Furthermore, preferably all the constituent lenses of 
the imaging lens according to the present invention are made 
of plastic material. The use of plastic material for all the 
constituent lenses makes it possible to mass-produce the 
imaging lens at low cost, for example, by injection molding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0072 FIG. 1 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 1 
of the invention; 
0073 FIG. 2 shows spherical aberration, astigmatism and 
distortion of the imaging lens according to Embodiment 1; 
0074 FIG. 3 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 2 
of the invention; 
0075 FIG. 4 shows spherical aberration, astigmatism and 
distortion of the imaging lens according to Embodiment 2: 
0076 FIG. 5 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 3 
of the invention; 
0077 FIG. 6 shows spherical aberration, astigmatism and 
distortion of the imaging lens according to Embodiment 3, 
0078 FIG. 7 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 4 
of the invention; 
007.9 FIG. 8 shows spherical aberration, astigmatism and 
distortion of the imaging lens according to Embodiment 4: 
0080 FIG. 9 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 5 
of the invention; 
I0081 FIG. 10 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
5; 
I0082 FIG. 11 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 6 
of the invention; 
I0083 FIG. 12 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
6; 
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0084 FIG. 13 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 7 
of the invention; 
0085 FIG. 14 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
7; 
I0086 FIG. 15 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 8 
of the invention; 
0087 FIG. 16 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
8: 
0088 FIG. 17 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 9 
of the invention; 
0089 FIG. 18 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
9; 
0090 FIG. 19 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 
10 of the invention; 
0091 FIG. 20 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
10: 
0092 FIG. 21 is a schematic view showing the general 
configuration of an imaging lens according to Embodiment 
11 of the invention; and 
0093 FIG. 22 shows spherical aberration, astigmatism 
and distortion of the imaging lens according to Embodiment 
11. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0094. Next, the preferred embodiments of the present 
invention will be described in detail referring to the accom 
panying drawings. FIGS. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, and 
21 are schematic views showing the general configurations of 
the imaging lenses according to Embodiments 1 to 11 of the 
present invention respectively. Since all these embodiments 
have almost the same basic lens configuration, a general 
explanation of the lens configuration of an imaging lens 
according to the present invention is given below referring to 
the schematic view of Embodiment 1. 
0095. As shown in FIG. 1, in the imaging lens according to 
Embodiment 1, lenses are arranged in the following order 
from the object side to the image side: a first lens group L1G 
with positive refractive power composed of two lenses, a 
second lens group L2G with positive refractive power com 
posed of two lenses, and a third lens group L3G with negative 
refractive power composed of three lenses. 
0096. In the above imaging lens composed of three lens 
groups (seven lenses), the first lens group L1G includes a 
biconvex first lens L1 in which the object-side and image side 
Surfaces are both convex, and a meniscus second lens L2 with 
negative refractive power having a convex object-side Surface 
and a concave image-side Surface near the optical axis X, and 
the first lens group L1G has positive refractive power. 
0097. The object-side convex surface of the second lens 
L2 is an aspheric surface in which the positive refractive 
power weakens as the distance from the optical axis X 
increases. 
0098. An aperture stop ST is located between the first lens 
L1 and the second lens L2. 
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0099. The second lens group L2G includes a biconvex 
third lens L3 in which the object-side and image side surfaces 
are both convex near the optical axis X, and a meniscus fourth 
lens L4 with positive refractive power having a convex object 
side Surface and a concave image-side Surface near the optical 
axis X, and the second lens group L2G has positive refractive 
power. Both the surfaces of the third lens L3 and fourth lens 
L4 have aspheric Surfaces. 
0100. The third lens group L3G includes a meniscus fifth 
lens L5 with negative refractive power having a concave 
object-side Surface and a convex image-side Surface near the 
optical axis X, a sixth lens L6 in which the object-side and 
image-side Surfaces are both convex near the optical axis X. 
and a seventh lens L7 in which the object-side surface and 
image-side surface are both concave, and the third lens group 
L3G has negative refractive power. The image-side surface of 
the seventh lens L7 has an aspheric Surface whose shape 
changes from concave to convex in the direction toward the 
periphery. 

0101. As mentioned above, the positive first lens group 
L1G, positive second lens group L2G, and negative third lens 
group L3G are arranged in order from the object side so as to 
make up a so-called telephoto lens configuration and move 
the principal point on the image side to the object side to 
shorten the total track length. 
0102 The first lens group L1G uses the negative second 
lens L2 effectively to correct chromatic aberration generated 
in the positive first lens L1. 
0103) The second lens group L2G is mainly responsible 
for correction of spherical aberration, coma aberration, and 
astigmatism and its positive refractive power is almost equal 
to the positive refractive power of the first lens group LG. The 
positive refractive power of the first lens group L1G and that 
of the second lens group L2G are weak relative to the refrac 
tive power of the total optical system of the imaging lens. Due 
to this refractive power distribution, the refractive power of 
each lens Surface can be weakened and a Surface with high 
error sensitivity can be eliminated, thereby contributing to 
manufacturing ease. In addition, the object-side Surface of the 
fourth lens L4 is convex and its positive refractive power 
decreases in the direction toward the periphery and an 
aspheric Surface whose shape changes from convex to con 
cave is formed in its peripheral area. This aspheric Surface is 
used effectively to correct off-axial coma aberration and 
astigmatism. 

0104. The third lens group L3G corrects chromatic aber 
ration generated in the second lens group L2G by using the 
fifth lens L5 with negative refractive power having a concave 
object-side surface, located nearest to the object in the group, 
and also controls the height of off-axial light rays properly by 
using the concave object-side surface. The sixth lens L6 has a 
biconvex shape near the optical axis X and its positive refrac 
tive power is relatively strong and the seventh lens L7, which 
has a biconcave shape near the optical axis and has relatively 
strong negative refractive power, is located on the image side 
of the sixth lens L6, so that the total track length is shortened 
and off-axial aberration is corrected by the aspheric image 
side surface of the seventh lens L7 and the angle of principal 
light rays incident on the image sensor is controlled not to be 
larger than necessary. 
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0105. Although the composite refractive index of the sec 
ond lens group L2G should be positive, it does not matter 
whether the constituent third lens L3 and fourth lens L4 each 
have positive or negative refractive power. As far as the lens 
shapes are concerned, the third lens L3 may have a biconvex 
shape or meniscus shape near the optical axis X and the fourth 
lens L4 may have a biconvex shape or meniscus shape with a 
convex object-side surface near the optical axis X. The sev 
enth lens L7 may have a convex object-side Surface near the 
optical axis X and if that is the case, it is desirable that an 
aspheric Surface whose shape changes from convex to con 
cave in the direction toward the periphery be formed. The 
refractive power and Surface shapes of the second lens group 
L2G and the surface shapes of the seventh lens L7 are not 
limited to those in Embodiment 1. Embodiments 2 to 11 
which will be described later offer various numerical 
examples, suggesting that the invention allows a wide variety 
of modifications. 

0106 The location of the aperture stop ST is not limited to 
between the first lens L1 and the second lens L2, instead it 
may be located on the object side of the first lens L1. When it 
is nearer to the object, the exit pupil can be remoter from the 
image plane and the angle of principal rays incident on the 
image sensor can be controlled more easily. 
0107 Also, all the constituent lenses of the imaging lens 
according to the present invention are made of plastic mate 
rial. Therefore the imaging lens can be mass-produced at low 
cost. In the present invention, the negative refractive power 
second lens L2 of the first lens group L1G and the negative 
refractive power fifth lens L5 of the third lens group L3G are 
made of high-dispersion material and the other lenses (first 
lens L1, third lens L3, fourth lens L4, sixth lens L6, and 
seventh lens L7) are made of low-dispersion material so that 
chromatic aberration can be corrected properly. 
0108. The imaging lens according to the present invention 
satisfies the following conditional expressions: 

45<v1<70 (1) 

20<v2.<35 (2) 

1.663vd1/wd2<2.66 (3) 

20<VS-35 (4) 

45<v6-30 (5) 

1.663v.d6/wd5<2.66 (6) 

0.62<fl/f-1.01 (7) 

–2.58<f2/f-0.87 (8) 

0.96<f12/f-2.07 (9) 

0.65<f12/34-1.67 (10) 

-2.37<f567/f-0.55 (11) 

0.774 TLA/(2ih)<1.0 (12) 

O.78<XE/TLA 30.85 (13) 

0.15<bf/TLA <0.22 (14) 
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where 

0109 val: Abbe number of the first lens L1 at d-dray 
0110 va2: Abbe number of the second lens L2 at d-dray 
0111 va5: Abbe number of the fifth lens L5 at d-dray 
0112 va6: Abbe number of the sixth lens L6 at d-dray 
0113 f: focal length of the overall imaging lens system 
0114 fl: focal length of the first lens L1 
0115 f2: focal length of the second lens L2 
0116 f12: composite focal length of the first lens group 
L1G 

0117 f34: composite focal length of the second lens group 
L2G 

0118 f$67: composite focal length of the third lens group 
L3G 

0119 TLA: distance on the optical axis from the object 
side surface of the first lens L1 to the image plane when the 
filter and the like are removed (total track length) 
0120 
I0121 Xd: distance on the optical axis from the object-side 
surface of the first lens L1 to the image-side surface of the 
seventh lens. L7 

0.122 bf: distance on the optical axis from the image-side 
surface of the seventh lens L7 to the image plane when the 
filter and the like are removed (back focus) 
(0123. In the embodiments, all the lens surfaces are 
aspheric and the aspheric shapes of these lens Surfaces are 
expressed by the following equation, where Z represents an 
axis in the optical axis direction, H represents height perpen 
dicular to the optical axis, k represents conic constant, and 
A4, A6, A8. A 10, A12, A14, and A16 represent aspheric 
Surface coefficients. 

ih: maximum image height 

H2 Equation 1 

Z= — K-+AH'+ As H+ 
H2 

1 + 1 - (k+ 1) 

As H+A10 H+A12 H2 +A14H +A16H 

0.124. Next, the imaging lenses according to the embodi 
ments of the present invention will be explained. In each 
embodiment, frepresents the focallength of the overall imag 
ing lens system, Fno represents F-number, () represents half 
angle of view, and ih represents maximum image height. i 
represents a Surface number counted from the object side, r 
represents curvature radius, d represents the distance between 
lens Surfaces on the optical axis (inter-Surface distance), Nd 
represents refractive index with respect to d-ray (reference 
wavelength), and va represents Abbe number with respect to 
d-ray. As for aspheric Surfaces, an asterisk (*) after Surface 
number i indicates that the Surface concerned is an aspheric 
Surface. 

Embodiment 1 

0.125. The basic lens data of Embodiment 1 is shown 
below in Table 1. 
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TABLE 2-continued 

Numerical Example 2 
in mm 

5 9 -10955 
6 11 2.681 
7 13 -2.065 

Lens Group Data 

L1G f12 6.156 
L2G f34 6.590 
L3G f567 -7.054 

0129. As shown in Table 12, the imaging lens in Embodi 
ment 2 satisfies all the conditional expressions (1) to (14). 
0130 FIG. 4 shows aberrations of the imaging lens in 
Embodiment 2. As FIG. 4 indicates, aberrations are properly 
corrected. 

Embodiment 3 

0131 The basic lens data of Embodiment 3 is shown 
below in Table 3. 

TABLE 3 

Numerical Example 3 
in mm 

f = 4.07 
Fno = 1.64 
(1)(deg) = 35.49 
ih = 2.934 

Surface Data 

Curvature Surface Refractive Abbe Number 
Surface No. i Radius r Distanced Index Nd wd 

(Object Plane) Infinity Infinity 
1: 2.2744 O.684 535 56.16 
2: -7.158 O.O45 

Stop Infinity O.OOO 
3: 2124 O.28O 63S 23.91 
4: 12O2 O.290 
5* 12.679 O.S39 535 56.16 
6* -3.643 O.O3O 
7: 21.213 O.300 535 56.16 
8:8 9.110 O.S2O 
9* -1.747 O.300 63S 23.91 
10* -2476 O.O2S 
11: 3.108 0.572 535 56.16 
12: -2.443 O.118 
13: -2.582 OSOO 535 56.16 
148 2.098 O.1SO 
15 Infinity O.300 517 642O 
Image Plane Infinity O495 

Aspheric Surface Data 

1st Surface 2nd Surface 3rd Surface 4th Surface 5th Surface 6th Surface 7th Surface 

A1O 6.657E-OS 1.036E-O2 -1.311E-O2 -3.23OE-O2 -5.239E-O2 
A12 3.009E-03 -8.273E-O3 2.94OE-O3 8.91OE-03 2.772E-O2 
A14 -1531E-03 1516E-O3 3.342E-O4 3.157E-04 -1.073E-O2 
A16 O.OOOE-00 OOOOE--OO S.O39E-07 -5.851E-O8 -8.096E-06 

O.OOOE-00 OOOOE--OO 
1.077E-03 

-8.057E-03 
-1.121E-01 
-4.663E-02 

-1.26OE-02 
-5.714E-04 -3.013E-04 
-1.289E-11 1431E-11 
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TABLE 1 1-continued 

Numerical Example 11 
in mm 

4 7 
5 9 
6 11 
7 13 

Lens Group Data 

0156. As shown in Table 12, the imaging lens in Embodi 
ment 11 satisfies all the conditional expressions (1) to (14). 
0157 FIG. 22 shows aberrations of the imaging lens in 
Embodiment 11. As FIG. 22 indicates, aberrations are prop 
erly corrected. 
0158. It can be understood that in the imaging lenses 
according to the aforementioned embodiments of the present 
invention, the total track length is as short as about 5.0 to 5.20 

Embodiment 1 Embodiment 2 

Fno 1642 1642 
4.059 4.048 
3.239 3.279 

2 -4.915 -5.284 
2 6.322 6.145 
34 6.498 6.584 
567 -7.595 -7.054 
TLA 5.035 S.O33 
ih 2.934 2.934 
XEd 4.183 4.16O 
bf O.853 O.873 

Embodiment 7 Embodiment 8 

Fno 1.751 1643 
4.045 4.065 
3.152 3.32O 

2 -4.398 -508.1 
2 6.984 6469 
34 S.OO8 6.379 
567 -5961 -7.219 
TLA 5.135 5,041 
ih 2.934 2.934 
XEd 4.258 4.187 
bf 0.877 O.854 

21 
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6.434 
-8.836 
3.055 

-2.572 

6.O11 
6.944 

-8.047 

mm and the total track length to diagonal ratio is 0.9 or less, 
so they have a low-profile design though they are each com 
posed of three lens groups (seven lenses). The F-number is in 
the range from 1.6 to 1.8, assuring high brightness; the total 
view angle is 70 (degrees) or more, making it possible to take 
an image with a wide angle of view; and aberrations are 
corrected properly. 
0159 Table 12 shows data on Embodiments 1 to 11 relat 
ing to the conditional expressions (1) to (14). 
TABLE 12 

Parameter Data 

Embodiment 3 Embodiment 4 Embodiment 5 Embodiment 6 

1642 1.767 1.701 1.701 
4.065 4.064 4.065 4.065 
3.309 3.424 3.232 3.231 

-4.943 -8.761 -5.714 -5.716 
6.615 4.891 S.686 S.685 
6.390 4.071 7.001 7.004 

-7.671 -2.818 -6.290 -6.283 
S.O36 S.123 5,041 5,041 
2.934 2.934 2.934 2.934 
4.204 4.275 4.161 4.161 
O.832 O.648 O.879 O.879 

Embodiment 9 Embodiment 10 Embodiment 11 

1.644 1.700 1.703 
4.065 4.059 4.065 
3.243 3.253 3.418 

-4.809 -4829 -6.O29 
6.535 6564 6.011 
6.329 6.181 6.944 

-7.314 -7.127 -8.047 
S.042 S.O40 S.160 
2.934 2.934 2.934 
4190 4.188 4.183 
O.853 O.852 0.977 

Data Relating to the Conditional Expressions 

Embodiment 1 

(1) 45< vd1 < 70 56.16 
(2) 20 < vd2 < 35 23.91 
(3) 1.66 < vol1/vd2 < 2.66 2.35 
(4) 20 < vd5 <35 23.91 
(5) 45< vdé < 70 56.16 
(6) 1.66 < vol6/vd5 < 2.66 2.35 
(7) 0.62 < f1/f < 1.01 O.798 
(8) -2.58 < f2/f- -0.87 -1.211 
(9) 0.96 < f12/f4 2.07 1558 

(10) 0.65 < f12/f34< 1.67 0.973 

Embodiment 2 Embodiment 3 Embodiment 4 Embodiment 5 Embodiment 6 

56.16 56.16 56.16 56.16 56.16 
23.91 23.91 23.91 23.91 23.91 
2.35 2.35 2.35 2.35 2.35 

23.91 23.91 23.91 23.91 23.91 
56.16 56.16 56.16 56.16 56.16 
2.35 2.35 2.35 2.35 2.35 
O812 O.815 O.842 O.796 O.794 
-1308 -1.217 -2.153 -1405 -1405 
1521 1630 12O2 1.398 1.398 
O.933 1.035 1.2O1 O.812 O812 
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TABLE 12-continued 

(11) -2.37 < f567/f4 -0.55 -1871 -1.746 -1.890 -0.693 -1547 -1.545 
(12) 0.77 < TLA/(2ih) < 1.0 0.858 O.858 O.858 O.873 O.859 O.859 
(13) 0.78<Xd/TLA < 0.85 O.831 O.826 O.835 O.834 O.826 O.826 
(14) 0.15 < bf/TLA < 0.22 O.169 O.174 O.16S O.166 O.174 O.174 

Embodiment 7 Embodiment 8 Embodiment 9 Embodiment 10 Embodiment 11 

(1) 45< vd1 < 70 55.57 56.27 S6.16 56.16 56.16 
(2) 20 < vd2 < 35 30.13 23.26 23.91 23.91 23.91 
(3) 1.66 < val1/vd2 < 2.66 1.84 2.42 2.35 2.35 2.35 
(4) 20 < vd5 <35 23.91 23.91 30.13 23.25 23.91 
(5) 45< vdé < 70 56.16 56.16 55.57 56.27 56.16 
(6) 1.66 < voló/vd5 < 2.66 2.35 2.35 1.84 2.42 2.35 
(7) 0.62 < f1/f < 1.01 0.778 O.816 0.797 O.801 O840 
(8) -2.58 < f2/f- -0.87 -1.085 -1.249 -1.181 -1.1.89 -1.482 
(9) 0.96 < f12/f4 2.07 1.724 1.590 1605 1.616 1478 

(10) 0.65 < f12/f34< 1.67 1.395 1.014 1.033 1.062 O.866 
(11) -2.37 < f567/f4 -0.55 -1.471 -1.775 -1.797 -1.755 -1978 
(12) 0.77 < TLA/(2ih) < 1.0 0.875 O.859 O.859 O.859 O.88O 
(13) 0.78<Xd/TLA < 0.85 O.829 O.831 O.831 O.831 O811 
(14) 0.15 < bf/TLA < 0.22 O.171 O.169 O.169 O.169 O.189 

0160 AS explained so far, when the imaging lens com- 2. The imaging lens according to claim 1, wherein condi 
posed of three lens groups (seven lenses) according to any of 
the aforementioned embodiments is used for an optical sys 
tem built in a mobile terminal Such as a mobile phone or Smart 
phone, PDA (Personal Digital Assistant) or image pickup 
device mounted in a game console or the like, it provides both 
a high-performance camera function and a low-profile 
design. 
0161 The effects of the present invention are as follows. 
0162 According to the present invention, the imaging lens 
has a low-profile design with a very small F-number and 
corrects various aberrations properly and provides a rela 
tively wide angle of view. In addition, by using plastic mate 
rial for all the constituent lenses, the imaging lens can be 
mass-produced at low cost. 
What is claimed is: 
1. An imaging lens with a fixed focal length which forms an 

image of an object on a solid-state image sensor, in which 
lenses are arranged in order from an object side to an image 
side, comprising: 

a first lens group with positive refractive power, 
a second lens group with positive refractive power, and 
a third lens group with negative refractive power, 
wherein the first lens group includes a first lens with posi 

tive refractive power having a convex object-side Surface 
and a second lens with negative refractive power having 
a concave image-side Surface near an optical axis which 
are arranged in order from the object side; 

wherein the second lens group includes a third lens and a 
fourth lens each having at least one aspheric Surface 
which are arranged in order from the object side; 

wherein the third lens group includes a fifth lens with 
negative refractive power having a concave object-side 
Surface near the optical axis, a sixth lens with positive 
refractive power having a convex image-side Surface 
near the optical axis, and a seventh lens with negative 
refractive power having a concave image-side Surface 
near the optical axis which arearranged in order from the 
object side; and 

wherein the lenses are not joined to each other and the 
image-side Surface of the seventh lens has an aspheric 
Surface whose shape changes from concave to convex as 
a distance from the optical axis increases. 

tional expressions (1) and (2) given below are satisfied: 
45<v1<70 (1) 

20<V2-3S (2) 

where 

vd1: Abbe number of the first lens at d-ray 
vd2: Abbe number of the second lens at d-ray 
3. The imaging lens according to claim 1, wherein condi 

tional expressions (4) and (5) given below are satisfied: 
20<VS-35 (4) 

45<v6-30 (5) 

where 

vd5: Abbe number of the fifth lens at d-ray 
vd6: Abbe number of the sixth lens at d-ray 
4. The imaging lens according to claim 1, wherein condi 

tional expressions (7) and (8) given below are satisfied: 
0.62<fl/f-1.01 (7) 

where 
f focal length of the overall imaging lens system 
fl: focal length of the first lens 
f2: focal length of the second lens 
5. The imaging lens according to claim 1, wherein a con 

ditional expression (9) given below is satisfied: 
0.96<f12/f-2.07 (9) 

where 
f focal length of the overall imaging lens system 
f12: composite focal length of the first lens group 
6. The imaging lens according to claim 1, wherein a con 

ditional expression (10) given below is satisfied: 
0.65<f12/34-1.67 (10) 

where 

f12: composite focal length of the first lens group 
f34: composite focal length of the second lens group 
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7. The imaging lens according to claim 1, wherein a con 
ditional expression (11) given below is satisfied: 

-2.37<f567/f-0.55 (11) 

where 
f: focal length of the overall imaging lens system 
f567: composite focal length of the third lens group 

k k k k k 
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