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1. 

IMAGE TAKING OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image taking optical 

system, and more particularly to an image taking optical 
system comprising two lens groups to provide good aberra 
tion compensation and short total length in order to be applied 
to electronic products. 

2. Description of the Related Art 
At present, optical systems used for digital cameras or 

lenses used for web cameras or mobile phones tend to provide 
a larger field angle, a good aberration correction ability and 
high image quality as user's requirements besides a compact 
design and a low cost. 

In general, a conventional image taking optical system of a 
mini electronic product comes with different designs, includ 
ing the two-lens, three-lens, four-lens, and five-or-more lens 
designs. If the image quality is taken into consideration, the 
image taking optical system for the compact digital cameras, 
web cameras, and mobile phone cameras requires a compact 
design, a short focal length, and a good aberration correction. 
In the various designed five-lens image taking optical system 
with a constant focal length as disclosed in U.S. Pat. No. 
7.710,665, can achieve a good aberration correction, but the 
total length of the optical system is still difficult to meet the 
application of the compact electronic device. Besides, U.S. 
patent and publications of U.S. Pat. No. 7,826,151, US2010/ 
0254029, and US2010/0253829 respectively provide an opti 
cal system designed with a shorter total length. These prior 
arts primarily adopt the first lens element with negative 
refractive power, the second lens element or the third lens 
element with positive refractive power to increase the field 
angle, and adopt a four-lens, five-lens or six-lens image tak 
ing optical system to achieve user requirements of the aber 
ration correction and modulation transfer function (MTF) 
performance for applying to the electronic products with 
high-quality and high-pixel. 
As disclosed in U.S. Pat. Nos. 7,663,813, 6,985,309, and 

6,940,662 and European Pat. No. EP2012162, an optical 
design of the first lens element with negative refractive power 
is provided, but the first lens element with negative refractive 
power will cause a too-large refractive angle of the first lens 
element, and light divergence effects a difficult aberration 
correction to the following lens elements. In the prior arts 
disclosed above, if the refractive power of the lens element 
installed behind the first lens element is insufficient or the 
aberration of the lens element nearest to the image plane is 
difficult to correct, then theastigmatic field curving or distor 
tion of the image will be increased. Therefore, a more prac 
tical design of an image taking optical system for compact 
electronic products is required for shortening the length of 
image taking optical system while using the combination of 
refractive powers, convex and concave Surfaces of the lens 
elements and the maximum image light captured by the first 
lens element to minimize the air gap between the lens ele 
ments to be the smallest or even attach the lens elements with 
one another. In addition, the refractive power and the aberra 
tion correction ability of the lens elements are also used for 
reducing the total length of the image taking optical system 
effectively to further improve the image quality and simplify 
the manufacturing process in order to be applied to the com 
pact electronic products. 

SUMMARY OF THE INVENTION 

Therefore, it is a primary objective of the present invention 
to provide an image taking optical system, sequentially 
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2 
arranged from an object side to an image side, comprising: a 
front lens group, a stop and a rear lens group; wherein the 
front lens group comprises one or more lens elements, the rear 
lens group comprises at least three lens elements, and the stop 
is disposed between the front lens group and the rear lens 
group. The front lens group comprises a front-group first lens 
element which is a meniscus lens element nearest to the object 
side and has a convex object-side Surface. The image taking 
optical system of the present invention satisfies the following 
relations: 

(2) 

wherein. HFOV is half of the maximum view angle of the 
image taking optical system (unit in degree), and DISTs is an 
optical distortion at 80% of the maximum image height (unit 
in percent). 
As described above, the rear lens group further comprises 

a rear-group rear lens element made of plastic nearest to an 
image plane, and at least one of the object-side surface and 
image-side Surface thereof has at least one inflection point. 
On the other hand, the rear lens group at least comprises a 

rear-group positive glass lens element, which is a glass lens 
element with positive refractive power having an image side 
adjacent to a rear-group negative lens element with negative 
refractive power, and the image-side Surface of the rear-group 
negative lens element has at least one inflection point. A 
plastic rear-group rear lens element is a lens element of the 
rear lens group nearest to the image plane, and at least one of 
the object-side and image-side Surfaces thereof has at least 
one inflection point. Further, the rear-group negative lens 
element has at least two inflection points between the center 
and the periphery of the image-side Surface of the rear-group 
negative lens element. In additional, the image taking optical 
system comprises an image sensor at the image plane. The 
image taking optical system satisfies one or more of the 
following relations in addition to the relations (1) and (2): 

–50%.<DIST-30%; 

0.04R/f-0.55; (6) 

0.04XP/XP|<0.18: (7) 

TTL/ImgH3.8; (8) 

wherein, Rg is a curvature radius of the object-side Surface 
of the rear-group positive glass lens element, Rg is a curva 
ture radius of the image-side surface of the rear-group posi 
tive glass lens element, Rn is a curvature radius of the object 
side Surface of the rear-group negative lens element, Rn is a 
curvature radius of the image-side surface of the rear-group 
negative lens element, Tgn is an axial distance between the 
image-side Surface of the rear-group positive glass lens ele 
ment and the object-side Surface of the rear-group negative 
lens element, R is a curvature radius of the image-side Sur 
face of the rear-group rear lens element, f is a focal length of 
the image taking optical system, X, Pl is a Summation of 
absolute values of the refractive power of each lens element of 
the front lens group, and X IP is a Summation of absolute 
values of the refractive power of each lens element of the rear 
lens group; 
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where, f, f,..., fare the focal lengths of the first lens 
element, the second lens element to then" lens element of the 
front lens group respectively, and f, f2. . . . . f. are the 
focal lengths of the first lens element, the second lens element 
to the m' lens element of the rear lens group. 

Another objective of the present invention is to provide an 
image taking optical system, sequentially arranged from an 
object side to an image side, comprising: a front lens group, a 
stop and a rear lens group; wherein the front lens group 
comprises one or more lens elements, the rear lens group 
comprises at least three lens elements, and the stop is dis 
posed between the front lens group and the rear lens group. 
The front lens group comprises a front-group first lens ele 
ment, which is a meniscus lens element nearest to the object 
side and has a convex object-side Surface. The rear lens group 
comprises a rear-group rear lens element, having a concave 
image-side Surface. The image taking optical system of the 
present invention satisfies one or more of the following rela 
tions in addition to the relations (1) and (2): 

-0.3 sf/fis0.1; (13) 

wherein, R is a curvature radius of the object-side surface 
of front-group first lens element, R is a curvature radius of 
the image-side surface of the front-group first lens element, f 
is the focal length of the image taking optical system, f is a 
focal length of the front-group first lens element, SL is an 
axial distance from the stop to the image plane, and TTL is an 
axial distance from the object-side Surface of the front-group 
first lens element to the image plane, f is the focal length of 
the front lens group, and f is the focal length of the rear lens 
group. 

Another objective of the present invention is to provide an 
image taking optical system, sequentially arranged from an 
object side to an image side, comprising: a front lens group, a 
stop and a rear lens group; wherein the front lens group 
comprises one or more lens elements, the rear lens group 
comprises at least three lens elements, and the stop is dis 
posed between the front lens group and the rear lens group. 
The front lens group comprises a front-group first lens ele 
ment, which is a lens element nearest to the object side and 
has a convex object-side Surface and a concave image-side 
Surface. The rear lens group comprises a rear-group rear lens 
element nearest to the image plane and having a concave 
image-side surface and at least two inflection points between 
the center and the periphery of the image-side surface. The 
image taking optical system of the present invention satisfies 
the following relation: 

wherein, f is the focal length of the image taking optical 
system, and f is the focal length of the front-group first lens 
element. 
On the hand, as described above, the image taking optical 

system further comprises an image sensor at an image plane. 
The image taking optical system satisfies one or more of the 
following relations in addition to the relations (1) and (2): 
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TTL/ImgH3.8; (8) 

-10.0<tan(HFOV)/DIST-0; (14) 

wherein, XP, is the summation of absolute values of the 
refractive power of each lens element of the front lens group, 
and XIP is the summation of absolute values of the refractive 
power of each lens element of the rear lens group, R is the 
curvature radius of the image-side surface of the rear-group 
rear lens element, f is the focal length of the image taking 
optical system. HFOV is half of the maximum view angle of 
the image taking optical system (unit in degree), DISTs is the 
optical distortion at 80% of the maximum image height (unit 
in percent), SL is the axial distance from the stop to the image 
plane of the image taking optical system, TTL is an axial 
distance from the object-side surface of the front-group first 
lens element to the image plane, ImgH is half of the diagonal 
length of an effective photosensitive area of the image sensor, 
Rg is the curvature radius of the object-side surface of the 
rear-group positive glass lens element, Rg is the curvature 
radius of the image-side surface of the rear-group positive 
glass lens element, Rn is the curvature radius of the object 
side Surface of the rear-group negative lens element, Rn is 
the curvature radius of the image-side surface of the rear 
group negative lens element, f is the focal length of the front 
lens group, and f is the focal length of the rear lens group. 

In the present invention, the aforementioned front lens 
group, stop, rear lens group, each lens element in the front 
lens group, each lens element in the rear lens group are 
installed with an appropriate interval apart along the optical 
axis to achieve a good aberration correction and a more 
advantageous modulation transfer function (MTF), and 
reduce the total length of the image taking optical system 
effectively to improve the aberration correction ability for 
applying to an optical image taking system used in compact 
electronic devices. 

In the image taking optical system of the present invention, 
the meniscus front-group first lens element having a convex 
object side and the rear-group positive glass lens element with 
positive refractive power are used for image taking in an 
opposite direction and with a wider field angle. To overcome 
the shortcomings of too-large refractive angle of the rear lens 
group caused by the front-group first lens element to diverge 
light easily and poor aberration correction ability of the fol 
lowing lens elements, the present invention adopts a rear 
group rear lens element with at least one inflection point 
within the rear lens group to correct the aberration and adjust 
the modulation transfer function (MTF), and further uses a 
rear-group negative lens element adjacent to the rear-group 
positive lens element to reduce the chromic aberration and 
coma aberration produced in the image taking optical system 
to improve the resolution of the image taking optical system, 
Such that the aberration and distortion of the image taking 
optical system can meet the high resolution requirement. 

Furthermore, in the image taking optical system of the 
present invention, the stop is a middle stop disposed between 
the front lens group and the rear lens group for enhancing the 
front stop (which is disposed between the photographed 
object and the first lens element), such that the exit pupil of the 
image taking optical system will not be too far away from the 
image plane For controlling the light to be incident onto the 
image sensor in a Substantially perpendicular direction to 
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achieve the telecentric effect, and obtain a balance between 
the telecentric effect and the wider field angle. With the rear 
group rear lens element having at least two inflection points, 
the wide-angle image taking optical system has a good effect 
of correcting chromic aberrations caused by distortions and 
width. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic view of an optical system in accor 
dance with the first preferred embodiment of the present 
invention; 
FIG.1B is a schematic view of a series of aberration curves 

of the first preferred embodiment of the present invention; 
FIG. 1C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the first preferred embodiment of 
the present invention; 

FIG. 2A is a schematic view of an optical system in accor 
dance with the second preferred embodiment of the present 
invention; 

FIG. 2B is a schematic view of a series of aberration curves 
of the second preferred embodiment of the present invention; 

FIG. 2C is a curve showing the second derivatives of SAG 
values of an image-side Surfaces of a rear-group rear lens 
element in accordance with the second preferred embodiment 
of the present invention; 

FIG. 3A is a schematic view of an optical system in accor 
dance with the third preferred embodiment of the present 
invention; 
FIG.3B is a schematic view of a series of aberration curves 

of the third preferred embodiment of the present invention; 
FIG.3C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the third preferred embodiment 
of the present invention; 

FIG. 4A is a schematic view of an optical system in accor 
dance with the fourth preferred embodiment of the present 
invention; 

FIG. 4B is a schematic view of a series of aberration curves 
of the fourth preferred embodiment of the present invention; 

FIG. 4C is a curve showing the second derivatives of SAG 
values of an image-side Surface of a rear-group rear lens 
element in accordance with the fourth preferred embodiment 
of the present invention; 

FIG. 5A is a schematic view of an optical system in accor 
dance with the fifth preferred embodiment of the present 
invention; 

FIG. 5B is a schematic view of a series of aberration curves 
of the fifth preferred embodiment of the present invention; 
FIG.5C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the fifth preferred embodiment of 
the present invention; 

FIG. 6A is a schematic view of an optical system in accor 
dance with the sixth preferred embodiment of the present 
invention; 

FIG. 6B is a schematic view of a series of aberration curves 
of the sixth preferred embodiment of the present invention; 

FIG. 6C is a curve showing the second derivatives of SAG 
values of an image-side Surface of a rear-group rear lens 
element in accordance with the sixth preferred embodiment 
of the present invention; 

FIG. 7A is a schematic view of an optical system in accor 
dance with the seventh preferred embodiment of the present 
invention; 
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6 
FIG. 7B is a schematic view of a series of aberration curves 

of the seventh preferred embodiment of the present invention; 
FIG.7C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the seventh preferred embodi 
ment of the present invention; 

FIG. 8A is a schematic view of an optical system in accor 
dance with the eighth preferred embodiment of the present 
invention; 
FIG.8B is a schematic view of a series of aberration curves 

of the eighth preferred embodiment of the present invention; 
FIG. 8C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the eighth preferred embodiment 
of the present invention; 
FIG.9A is a schematic view of an optical system in accor 

dance with the ninth preferred embodiment of the present 
invention; 
FIG.9B is a schematic view of a series of aberration curves 

of the ninth preferred embodiment of the present invention; 
FIG.9C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the ninth preferred embodiment 
of the present invention; 

FIG. 10A is a schematic view of an optical system in 
accordance with the tenth preferred embodiment of the 
present invention; 

FIG. 10B is a schematic view of a series of aberration 
curves of the tenth preferred embodiment of the present 
invention; 
FIG.10C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the tenth preferred embodiment 
of the present invention; 

FIG. 11A is a schematic view of an optical system in 
accordance with the eleventh preferred embodiment of the 
present invention; 

FIG. 11B is a schematic view of a series of aberration 
curves of the eleventh preferred embodiment of the present 
invention; and 
FIG.11C is a curve showing the second derivatives of SAG 

values of an image-side Surface of a rear-group rear lens 
element in accordance with the eleventh preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 1A for an image taking optical 
system of the present invention, the image taking optical 
system, sequentially arranged from an object side to an image 
side along an optical axis, comprises afront lens group (1G1), 
a stop and a rear lens group (1G2), and the stop can be an 
aperture stop (1300) disposed between the front lens group 
(1G1) and the rear lens group (1G2). In FIG.1A, the front lens 
group (1G1) comprises a meniscus front-group first lens ele 
ment (1110) having a convex object-side surface (1111), and 
the rear lens group (1G2) comprises at least three lens ele 
ments like four lens elements including a rear-group first lens 
element (1210), a rear-group positive lens element (1230), a 
rear-group negative lens element (1240) and a rear-group rear 
lens element (1250) as shown in FIG. 1A, wherein the rear 
group positive glass lens element (1230) has positive refrac 
tive power, the rear-group negative lens element (1240) is 
adjacent to the image side Surface of rear-group positive lens 
element (1230), the plastic rear-group rear lens element 
(1250) has a concave image-side surface (1252) and at least 
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one inflection point disposed on at least one of an object-side 
surface (1251) and the image-side surface (1252). 
The image taking optical system of the present invention 

further comprises an IR-filter (1410) and a coverglass (1420), 
and more specifically, sequentially arranged from an object 
side to an image side and between the rear-group rear lens 
element (1250) and the image plane (1510) comprises the 
IR-filter (1410) and the cover glass (1420), wherein the IR 
filter (1410) and the coverglass (1420) are generally made of 
a plate optical material without affecting the overall focal 
length of the image taking optical system of the present inven 
tion. The image taking optical system further comprises an 
image sensor (1520) at the image plane (1510) for imaging a 
photographed object. If aspherical lens elements are used for 
each lens element of the front lens group (1G1) and rear lens 
group (1G2) of the present invention, these lens elements 
comply with the aspherical surface formula as given in Equa 
tion (15): 

2 15 
(Y| R) X. (A)(Y); (15) - -- 

1 + V (1-(1 + K)(Y/R)?) i 

wherein, X is the relative height from a point on the 
aspherical surface with a distance Y from the optical axis to a 
tangent plane at the tip of the optical axis of the aspherical 
surface; 
Y is the distance between a point on the curve of the 

aspherical surface and the optical axis; 
R is the curvature radius; 
K is the conic coefficient; and 
A, is thei" level aspherical surface coefficient. 
The image taking optical system of the present invention 

has installations of the aforementioned front lens group 
(1G1), aperture stop (1300), rear lens group (1G2) and image 
sensor (1520), and if the half of the maximum view angle 
HFOV and the optical distortion at 80% of the maximum 
image height DISTs satisfy the relations (1), (2) and (14), then 
the field angle of the image taking optical system will not be 
too small for tending to provide an optical lens combination 
wither a wider angle. Therefore, the optical distortion will be 
lower for tending to provide a smaller image distortion. 

In the image taking optical system of the present invention, 
if the refractive powers of the front lens group (1G1) and the 
rear lens group (1G2) are allocated appropriately, the sum 
mation of the refractive powers of the front lens group (1G1) 
will be much smaller than the summation of the refractive 
powers of the rear lens group (1G2) while satisfying the 
relation (7). If the focallength f, of the front lens group (1G1) 
and the focal length f of the rear lens group (1G2) satisfy the 
relation (13), the light collection ability of the image taking 
optical system can be enhanced, and the total length of the 
image taking optical system will not be too large. 

If the focal length fof the image taking optical system and 
the curvature radius R of the image-side surface (1252) of 
the rear-group rear lens element (1250) satisfy the relation 
(6), the focal length of the rear-group rear lens element (1250) 
or the back focal length of the image taking optical system 
will not be too large, which helps reducing the total length of 
the image taking optical system to achieve a compact design. 
Similarly, if the ratio of the axial distance SL from the aper 
ture stop (1300) to the image plane (1510) to the axial dis 
tance TTL from the object-side surface (1111) of the front 
group first lens element (1110) to the image plane (1510) is 
limited to the relation (12), the total length of the image taking 
optical system can be reduced further, or if the ratio of the 
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8 
axial distance TTL from the object-side surface (1111) of the 
front-group first lens element (1110) to the image plane 
(1510) to the half of the diagonal length of an effective pho 
tosensitive area ImgH of the image sensor (1520) is limited to 
the relation (8), the total length (TTL) of the image taking 
optical system can be reduced effectively, such that a larger 
effective photosensitive area (ImgH) of the image sensor can 
be obtained from the same total length (TTL). 

If the ratio Tgn/f of the axial distance Tgn between the 
image-side surface (1232) of the rear-group positive glass 
lens element (1230) and the object-side surface (1241) of the 
rear-group negative lens element (1240) to the focal length f 
of the image taking optical system satisfies the relation (5) to 
reduce the total length of image taking optical system, the 
light of the image exiting the image-side surface (1232) of the 
rear-group positive lens element (1230) will enter into the 
object-side surface (1241) of the rear-group negative lens 
element (1240) without being refracted at a too-large angle, 
so as to avoid a too-large aberration. 

In the image taking optical system of the present invention, 
if the front lens group (1G1) has the front-group first lens 
element (1110), and if the ratio of the focal length f of the 
image taking optical system to the focal length f of the 
front-group first lens element (1110) satisfies the relation 
(11), the ratio of the refractive power of the first lens element 
(1110) to the focal length fof the image taking optical system 
will fall within an appropriate range to increase the field angle 
to facilitate the wide-angle image taking function. The appro 
priate setup of the focal length f, of the first lens element 
(1110) facilitates the allocation of space after this lens ele 
ment. 

In the image taking optical system of the present invention, 
the main negative refractive power of the front lens group 
(1G1) comes from the front-group first lens element (1110), 
the main positive refractive power of the rear lens group 
(1G2) comes from the rear-group positive lens element 
(1230), and the main negative refractive power of the rear lens 
group (1G2) comes from the rear-group negative lens element 
(1240), such that if the relation between the curvature radius 
R of the object-side surface (1111) of the front-group first 
lens element (1110) and the curvature radius R of the image 
side surface (1112) of the front-group first lens element 
(1110), the relation between the curvature radius Rg of the 
object-side surface (1231) of the rear-group positive glass 
lens element (1230) and the curvature radius Rg of the 
image-side surface (1232) of the rear-group positive glass 
lens element (1230), and the relation between the curvature 
radius Rn of the object-side surface (1241) of the rear-group 
negative lens element (1240) and the curvature radius Rn of 
the image-side surface (1242) of the rear-group negative lens 
element (1240) satisfy the relations (9), (3) and (4) respec 
tively, the negative refractive power of the front-group first 
lens element (1110), the positive refractive power of the rear 
group positive lens element (1230) and the negative refractive 
power of rear-group negative lens element (1240) will fall 
within an appropriate angel to enhance the resolution and 
correct the aberration and astigmatism effectively. 
The image taking optical system of the present invention is 

described by preferred embodiments and related drawings in 
details as follows. 

First Preferred Embodiment 

With reference to FIGS. 1A and 1B for a schematic view of 
an optical system and a series of aberration curves in accor 
dance with the first preferred embodiment of the present 
invention respectively and Table 1 for the optical data of this 
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preferred embodiment, the image taking optical system com 
prises a front lens group (1G1), a aperture stop (1300) and a 
rear lens group (1G2), and the aperture stop (1300) is 
arranged between the front lens group (1G1) and the rear lens 
group (1G2). The front lens group (1G1) comprises a front 
group first lens element (1110) (labeled as the first lens ele 
ment in Table 1), and the rear lens group (1G2) comprises four 
lens elements, being respectively a rear-group first lens ele 
ment (1210) (labeled as the second lens element in Table 1), 
a rear-group positive lens element (1230) (labeled as the third 
lens element in Table 1), a rear-group negative lens element 
(1240) (labeled as the fourth lens element in Table 1) and a 
rear-group rear lens element (1250) (labeled as the fifth lens 
element in Table 1). The meniscus front-group first lens ele 
ment (1110) with negative refractive power has a convex 
object-side Surface (1111) and a concave image-side Surface 
(1112). The rear lens group (1G2) comprises four lens ele 
ments, being respectively the meniscus rear-group first lens 
element (1210) with positive refractive power having a con 
veX object-side Surface (1211); the rear-group positive glass 
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lens element (1230) with positive refractive power being a 
bi-convex lens element, and both object-side surface (1231) 
and image-side Surface (1232) being spheric; the meniscus 
rear-group negative lens element (1240) with negative refrac 
tive power having an image side adjacent to the rear-group 
positive lens element (1230) and a concave object-side sur 
face (1241); the plastic rear-group rear lens element (1250) 
having a convex object-side surface (1251) and a concave 
image-side surface (1252), and both object-side surface 
(1251) and image-side surface (1252) thereof having an 
inflection point. 

In the image taking optical system of this preferred 
embodiment, an IR-filter (1410) and a cover glass (1420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (1250) and the 
image plane (1510), and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (1520) at the image plane (1510) 
for imaging a photographed object. 

TABLE 1. 

Optical data of this preferred embodiment 
f = 0.16 mm. Fino = 2.80. HFOV = 39.2 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1.875357 (ASP) 1.328 Plastic 1.530 SS.8 -29.79 
2 1.265205 (ASP) 1932 
3 Ape. Stop Plano O.O70 
4. Lens 2 5.470139 (ASP) O.81.1 Plastic 1530 55.8 10.33 
5 7194.67097 (ASP) O.O70 
6 Lens 3 4.331176 1.351 Glass 1.640 60.1 3.62 
7 -43926.33 O.100 
8 Lens 4 -11.686665 (ASP) 0.507 Plastic 1.650 21.4 -5.48 
9 5.209464 (ASP) O.68O 
10 Lens 5 3.185043 (ASP) O.651 Plastic 1.530 55.8 -116.74 
11 2.814553 (ASP) O.6OO 
12 R-filter Plano O.300 Glass S17 642 
13 Plano O.400 
14 Cover-glass Plano O.400 Glass S17 642 
15 Plano O.769 
16 mage Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

Surface # 

45 

50 

The optical data of this preferred embodiment are listed in 
the table above, wherein the optical surfaces (1111), (1112), 
(1211), (1212), (1241), (1242), (1251), (1252) are aspherical 
Surfaces in compliance with the aspherical Surface formula as 
given in Equation (15), and their aspheric coefficients are 
listed in Table 2 below. 

TABLE 2 

Aspheric coefficients of this preferred embodiment 

1 2 4 5 

-4.O3286E--OO -1.609SOE--OO 164298E--O1 -150897E--09 

4.54889E-02 3.20471E-O2 -1.26675E-03 2.946.63E-O3 

-128042E-O2 -186184E-O2 -135269E-02 1.11736E-03 

1.05708E-03 2.03593E-03 9.61447E-O3 -6.99908E-OS 

-2.47O3SE-OS S.6958OE-OS -5.57727E-03 5.87777E-05 
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TABLE 2-continued 

Aspheric coefficients of this preferred embodiment 

Surface # 8 9 10 

k = 3.67474E--O1 -6.85832E--O1 -8.73125E--O1 
A4 = -341080E-O2 -8.64489E-03 -508651E-O2 
A6 = -144674E-OS -3.52O37E-03 2.1741OE-02 
A8 = 2.04694E-O3 7.61484E-04 -3.59485E-03 
A10= -1. SOS37E-04 3.41826E-05 2.393.69E-04 

With reference to Table 1 and the series of aberration 
curves as shown in FIG. 1B for the image taking optical 

12 

11 

-2.OOOOOE--O2 
-7.06759E-02 
1698.18E-O2 

-2.67181E-04 
-104383E-04 

system in accordance with this preferred embodiment, the 15 
focal length of the image taking optical system is f6.16 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 3 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 3 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 39.2° 

DIST -36.49% 

tan(HFOV)/DIST -2.23 
(Rg1 + Rg2)/(Rg1 - Rg2) -0.01 

(Rn + Rn), (Rin - Rn) O.38 
(R - R2),(R+R2) O.19 
Riff O46 

fr/f -0.14 
Tgniff O.O2 

fif -0.21 

XP, XP O.O6 
TTL/ImgH 3.41 

SLTTL 0.67 

With reference to FIG. 1C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the first preferred 
embodiment of the present invention, if the value of second 
derivative of SAG is equal to 0, an inflection point will be at 
that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (1252) of the rear-group rear 
lens element (1250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 1 and the 
series of aberration curves as shown in FIG. 1B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 
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Second Preferred Embodiment 

With reference to FIGS. 2A and 2B for a schematic view of 

an optical system and a series of aberration curves in accor 
dance with the second preferred embodiment of the present 
invention respectively and Table 4 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (2G1), a aperture stop (2300) and a 
rear lens group (2G2), and the aperture stop (2300) is 
arranged between the front lens group (2G1) and the rear lens 
group (2G2). The front lens group (2G1) comprises a front 
group first lens element (2110) (labeled as the first lens ele 
ment in Table 4), and the rear lens group (2G2) comprises four 
lens elements, being respectively a rear-group first lens ele 
ment (2210) (labeled as the second lens element in Table 4), 
a rear-group positive lens element (2230) (labeled as the third 
lens element in Table 4), a rear-group negative lens element 
(2240) (labeled as the fourth lens element in Table 4) and a 
rear-group rear lens element (2250) (labeled as the fifth lens 
element in Table 4). The meniscus front-group first lens ele 
ment (2110) with negative refractive power has a convex 
object-side Surface (2111) and a concave image-side Surface 
(2112). 
The rear lens group (2G2) comprises four lens elements, 

being respectively the meniscus rear-group first lens element 
(2210) with positive refractive power having a convex object 
side Surface (2211); the rear-group positive glass lens element 
(2230) with positive refractive power being a bi-convex lens 
element, and both object-side surface (2231) and image-side 
Surface (2232) being spheric; the meniscus rear-group nega 
tive lens element (2240) with negative refractive power adja 
cent to an image side of the rear-group positive lens element 
(2230) having a concave object-side surface (2241) and a 
concave image-side Surface (2242); the plastic rear-group 
rear lens element (2250) nearest to the image plane (2510) 
and having a convex object-side Surface (2251) and a concave 
image-side surface (2252), and both object-side surface 
(2251) and image-side surface (2252) thereof having an 
inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (2410) and a cover glass 
(2420); the IR-filter (2410) and the cover glass (2420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (2250) and the 
image plane (2510) and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (2520) at the image plane (2510) 
for imaging a photographed object. 
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TABLE 4 

Optical data of this preferred embodiment 
f = 5.70 mm, Fno = 2.80, HFOV = 40.1 deg. 

14 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1.848069 (ASP) 1.650 Plastic 1.543 56.5 -35.75 
2 1.157062 (ASP) 2.294 
3 Ape. Stop Plano O.062 
4 Lens 2 16.818697 (ASP) O4SO Plastic 1530 SS.8 12.95 
5 -11.491064 (ASP) O.O70 
6 Lens 3 3.339595 O.859 Glass S17 642 3.88 
7 -4.58.1920 O.162 

8 Lens 4 -8.784163 (ASP) O631 Plastic 1.650 21.4 -4.62 
fourth lens 

9 element 4.696016 (ASP) O.S94 
10 Lens 5 2.123091 (ASP) O.827 Plastic 1.543 56.5 7.11 
11 4.065557 (ASP) O.800 
12 IR-filter Plano O.240 Glass S17 642 

glass 
13 Plano O.300 
14 Cover-glass Plano O.240 Glass S17 642 

glass 
15 Plano O.783 
16 Image Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 30 (2242) of the rear-group negative lens element (2240), the 
the table above, wherein the object-side surface (2111) of the 
front-group first lens element (2110), the image-side surface 
(2112) of the front-group first lens element (2110), the object 
side surface (2211) of the rear-group first lens element (2210), 
the image-side Surface (2212) of the rear-group first lens 
element (2210), the object-side surface (2241) of the rear 
group negative lens element (2240), the image-side Surface 

35 

object-side surface (2251) of the rear-group rear lens element 
(2250) and the image-side surface (2252) of the rear-group 
rear lens element (2250) are aspherical surfaces in compli 
ance with the aspherical Surface formula as given in Equation 
(15), and their aspheric coefficients are listed in Table 5 
below. 

TABLE 5 

Aspheric coefficients of this preferred embodiment 

Surface # 1 2 4 5 

: -6.79506E-O1 -1.SS217E--OO 4.14346E--O1 1.65822E-O1 
A4 = -2.59961E-03 8.05761E-O2 4.62O66E-03 -113197E-03 
A6 = 3.09985E-03 -2.25318E-O2 -1.41429E-03 1932SOE-03 
A8 = -160843E-03 3.62919E-03 845592E-03 2.99539E-03 
A1O = 2.23984E-04 1.245O8E-03 -5.51044E-03 -1.704O8E-03 
A12 = -118049E-05 -351633E-04 

Surface # 8 9 10 11 

: 1.33639E--O1 -1.OOOOOE--O2 -1.25751E--O1 -9.45629E--O1 
A4 = -1.63797E-O2 5.8151OE-03 -1.67122E-O2 -5.51 SO3E-O2 
A6 = 7.6O281E-04 -4.47446E-03 4.40O89E-03 1.1413OE-O2 
A8 = 8.85636E-04 1.18234E-04 -586,342E-04 -5.82246E-04 
A1O = -1.83814E-04 2.06949E-04 1.04158E-04 -8.55873E-OS 
A12 = 4.O3858E-06 -240534E-OS 1.OO669E-06 4.8O358E-OS 
A14 = 1.07606E-O6 

60 

65 

With reference to Table 4 and the series of aberration 
curves as shown in FIG. 2B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f=5.70 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 6 below, and the related symbols have been 
described above and thus will not be described again. 
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TABLE 6 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 40.1 
DIST -39.47% 
tan(HFOV)/DIST -2.13 
(Rg1 + Rg2)/(Rg1 - Rg2) -0.16 
(Rn + Rn), (Rin - Rn) O.30 
(R - R2),(R+R2) O.23 
Riff O.71 
fRffF -0.11 
Tgniff O.O3 
fif -0.16 
XP, XP O.04 
TTL/ImgH 3.41 
SLTTL O.60 

With reference to FIG. 2C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the second pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (2252) of the rear-group rear 
lens element (2250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 4 and the 
series of aberration curves as shown in FIG. 2B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Third Preferred Embodiment 

With reference to FIGS. 3A and 3B for a schematic view of 
an optical system and a series of aberration curves in accor 
dance with the third preferred embodiment of the present 
invention respectively and Table 7 for the optical data of this 
preferred embodiment, the image taking optical system com 
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16 
prises a front lens group (3G1), a aperture stop (3300) and a 
rear lens group (3G2), and the aperture stop (3300) is 
arranged between the front lens group (3G1) and the rear lens 
group (3G2). The front lens group (3G1) comprises a front 
group first lens element (3110) (labeled as the first lens ele 
ment in Table 7) and a front-group second lens element 
(3120) (labeled as the second lens element in Table 7). The 
rear lens group (3G2) comprises three lens elements, being 
respectively a rear-group positive lens element (3230) (la 
beled as the third lens element in Table 7), a rear-group 
negative lens element (3240) (labeled as the fourth lens ele 
ment in Table 7) and a rear-group rear lens element (3250) 
(labeled as the fifth lens element in Table 7). The meniscus 
front-group first lens element (3110) with negative refractive 
power has a convex object-side Surface (3111) and a concave 
image-side Surface (3112), and the bi-convex front-group 
second lens element (3120) with positive refractive power has 
a convex object-side Surface (3121) and a convex image-side 
surface (3122). 
The rear lens group (3G2) comprises three lens elements, 

being respectively: the rear-group positive glass lens element 
(3230) with positive refractive power being a bi-convex lens 
element, and both object-side surface (3231) and image-side 
Surface (3232) being spheric; the rear-group negative lens 
element (3240) with positive refractive power adjacent to an 
image side of the rear-group positive lens element (3230) 
having a concave object-side Surface (3241) and a concave 
image-side Surface (3242); the plastic rear-group rear lens 
element (3250) nearest to the image plane (3510) having a 
convex object-side Surface (3251) and a concave image-side 
surface (3252), and both object-side surface (3251) and 
image-side surface (3252) thereof having an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (3410) and a cover glass 
(3420); the IR-filter (3410) and the cover glass (3420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (3250) and the 
image plane (3510) and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (3520) at the image plane (3510) 
for imaging a photographed object. 

TABLE 7 

Optical data of this preferred embodiment 
f = 6.30 mm, Fno = 2.80, HFOV = 39.3 deg. 

Surface # 

O Object 
1 Lens 1 
2 
3 Lens 2 
4 
5 Ape. Stop 
6 Lens 3 
7 
8 Lens 4 
9 
10 Lens 5 
11 
12 R-filter 
13 
14 Cover-glass 
15 
16 mage 

Note: 

Focal 
Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 
1.881319 (ASP) 1601 Plastic 1.543 56.5 -25.46 
1.162714 (ASP) 1.66S 

14.305.028 (ASP) 0.577 Plastic 1.544 55.9 25.90 
–944.672579 (ASP) O.087 

Plano O.O70 
2.913857 1.053 Glass 1.517 64.2 3.13 

-3.178829 O.229 
-13.781118 (ASP) 0.771 Plastic 1.650 21.4 -5.93 

5.468007 (ASP) O.967 
3.255871 (ASP) O.885 Plastic 1.514 56.8 -129.40 
2.817421 (ASP) O.400 

Plano O.300 Glass S17 642 
Plano O.400 
Plano O.400 Glass S17 642 
Plano O.4S5 
Plano 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 
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The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (3111) of the 
front-group first lens element (3110), the image-side surface 
(3112) of the front-group first lens element (3110), the object 
side surface (3211) of the rear-group first lens element (3210), 
the object-side surface (3121) of the front-group second lens 
element (3120), the image-side surface (3122) of the front 
group second lens element (3120), the object-side surface 
(3241) of the rear-group negative lens element (3240), the 
image-side Surface (3242) of the rear-group negative lens 
element (3240), the object-side surface (3251) of the rear 
group rear lens element (3250) and the image-side surface 
(3252) of the rear-group rear lens element (3250) are aspheri 
cal Surfaces in compliance with the aspherical Surface for 
mula as given in Equation (15), and their aspheric coefficients 
are listed in Table 8 below. 

TABLE 8 

Aspheric coefficients of this preferred embodiment 

Surface # 1 2 3 

k = -31026OE--OO -126088E--OO 4.80563E--O1 

A6 = -7.62674E-03 -1.OOOO8E-O2 3.48475E-03 
A8 = 5.03862E-04 2.2862OE-03 3.02566E-03 
A1O = -1.78612E-05 4.86611E-04 -3.39618E-04 

Surface # 8 9 10 

k = 7.898OSE-O1 -6.84455E--O1 -5.6325SE,--O1 
A4 = -4.42173E-O2 -9.23685E-03 -1.SS171E-O2 
A6 = -293712E-03 -7.96069E-03 4.595S2E-03 
A8 = 3.13982E-03 2.29393E-03 -8.301.47E-04 
A10 = 2.26982E-O4 -190621E-05 -2.61913E-06 

With reference to Table 7 and the series of aberration 
curves as shown in FIG. 3B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.30 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 9 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 9 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 39.3° 

DIST -40.54% 
tan(HFOV)/DIST -2.02 
(Rg1 + Rg2)/(Rg1 - Rg2) -0.04 
(Rn + Rn), (Rin - Rn) O.43 
(R - R2)/(R, +R2) O.24 
Riff O.45 
fr/ff -0.04 
Tgniff O.04 
fif -0.25 
X PI/X, IP O16 
TTL/ImgH 3.34 
SLTTL O.S9 

With reference to FIG. 3C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
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group rear lens element in accordance with the third preferred 
embodiment of the present invention, if the value of second 
derivative of SAG is equal to 0, an inflection point will be at 
that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (3252) of the rear-group rear 
lens element (3250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 7 and the 
series of aberration curves as shown in FIG. 3B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

4 

-9.OOOOOE--O1 
1.33734E-03 
9.51573E-03 

-3.49397E-O3 
2.45.173E-03 

11 

-1.OOOOOE--O2 
-739478E-O2 
1.7838OE-02 

-2.06466E-O3 
1.1554.3E-04 
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Fourth Preferred Embodiment 

With reference to FIGS. 4A and 4B for a schematic view of 
an optical system and a series of aberration curves in accor 
dance with the fourth preferred embodiment of the present 
invention respectively and Table 10 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (4G1), a aperture stop (4300) and a 
rear lens group (4G2), and the aperture stop (4300) is 
arranged between the front lens group (4G1) and the rear lens 
group (4G2). The front lens group (4G1) comprises a front 
group first lens element (4.110) (labeled as the first lens ele 
ment in Table 10), and the rear lens group (4G2) comprises 
four lens elements, being respectively a rear-group first lens 
element (4210) (labeled as the second lens element in Table 
10), a rear-group positive lens element (4230) (labeled as the 
third lens element in Table 10), a rear-group negative lens 
element (4240) (labeled as the fourth lens element in Table 
10) and a rear-group rear lens element (4250) (labeled as the 
fifth lens element in Table 10). The meniscus front-group first 
lens element (4110) with negative refractive power has a 
convex object-side Surface (4111) and a concave image-side 
surface (4112). 
The rear lens group (4G2) comprises four lens elements, 

being respectively: the meniscus rear-group first lens element 
(4210) with positive refractive power having a convex object 
side Surface (4211); the rear-group positive glass lens element 
(4230) with positive refractive power being a bi-convex lens 
element, and both object-side surface (4231) and image-side 
Surface (4232) being spheric; the meniscus rear-group nega 
tive lens element (4240) with negative refractive power adja 
cent to an image side of the rear-group positive lens element 
(4230) having a concave object-side surface (4241) and a 
concave image-side Surface (2242); the plastic rear-group 
rear lens element (4250) nearest to the image plane (4510) 
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and having a convex object-side Surface (4251) and a concave 
image-side surface (4252), and both object-side surface 
(4251) and image-side surface (4252) thereof having an 
inflection point. 

In the image taking optical system of this preferred 
embodiment, an IR-filter (4410) is installed between the rear 
group rear lens element (4250) and the image plane (4510) 

20 
and generally made of plate optical material without affecting 
the overall focal length of the image taking optical system of 
the present invention. The image taking optical system of this 
preferred embodiment further comprises an image sensor 
(4520) at the image plane (4510) for imaging a photographed 
object. 

TABLE 10 

Optical data of this preferred embodiment 
f = 5.43 mm. Fino = 2.83. HFOV = 39.6 deg. 

Focal 
Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 
1.988658 (ASP) O.900 Plastic 1.53S 56.3 -37.09 
1.522449 (ASP) 2.660 

Plano O. 102 
4.283176 (ASP) O.S24 Plastic 1.514 56.8 7.15 

-24.578012 (ASP) O-269 
9.035901 1312 Glass 1.580 53.7 3.08 

-2.107013 O.243 
-2.134338 (ASP) O.476 Plastic 1.650 21.4 -3.17 
61.304907 (ASP) O.835 
1.912165 (ASP) 0.679 Plastic 1.633 23.4 100.78 
1.699974 (ASP) O.800 

Plano O.376 Glass 1.517 64.2 
Plano 0.765 
Plano 

Surface # 

O Object 
1 Lens 1 
2 
3 Ape. Stop 
4 Lens 2 
5 
6 Lens 3 
7 
8 Lens 4 
9 
10 Lens 5 
11 
12 IR-filter 
13 
14 Image 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces, 

Surface # 

Surface # 

30 

35 

40 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (4111) of the 
front-group first lens element (4110), the image-side Surface 
(4112) of the front-group first lens element (4110), the object 
side surface (4211) of the rear-group first lens element (4210), 
the image-side Surface (4212) of the rear-group first lens 
element (4210), the object-side surface (4241) of the rear 
group negative lens element (4240), the image-side Surface 
(4242) of the rear-group negative lens element (4240), the 
object-side surface (4251) of the rear-group rear lens element 
(4250) and the image-side surface (4252) of the rear-group 
rear lens element (4250) are aspherical surfaces in compli 
ance with the aspherical Surface formula as given in Equation 
(15), and their aspheric coefficients are listed in Table 11 
below. 

TABLE 11 

Aspheric coefficients of this preferred embodiment 

1 2 4 5 

-577348E-O1 -955247E-O1 -1.31617E--OO 3.62229E-01 
-1.22174E-O2 -184326E-O2 9.99992E-03 4.477S7E-03 
-8.65641E-O3 -8.733OOE-03 6.77224E-03 2.769SOE-02 
2.03421E-O3 4.26O18E-O3 -1.47454E-O3 -3.4848OE-O2 

-136269E-04 6.3O886E-OS -4.90O2OE-03 3.42719E-02 
2.45912E-O2 -8.72849E-03 

-2.07557E-O2 
5.25255E-03 

8 9 10 11 

2.71295E-O1 -7.98406E--O1 -1.09161E--O1 -1.29001E--O1 
-446121E-O2 -5.3906OE-O2 6.89266E-O3 -3.46137E-O2 
-9.17OO1E-03 4.72297E-O3 -1.7SS89E-03 1.28913E-O2 
9.7453OE-03 -5.910O8E-04 8.852.63E-04 -1.53S35E-03 

-459495E-04 2.07288E-04 -4.48.212E-04 -4.41584E-04 
-2.34337E-OS 7.8O8.79E-0S 
9.27757E-06 
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With reference to Table 10 and the series of aberration 
curves as shown in FIG. 4B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is fiš.43 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.83. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 12 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 12 

- Data of related relations of this preferred embodiment 

Relation Data 

HFOV 39.6 
DIST -38.61% 
tan(HFOV)/DIST -2.14 
(Rg1 + Rg2)/(Rg1 - Rg2) O.62 
(Rn + Rn)/(Rn - Rn) -O.93 
(R - R2),(R+R2) O.13 
Riff O.31 
fr/ff -0.11 
Tgniff O.04 
fif -0.15 
XP, XP O.O3 
TTL/ImgH 3.41 
SLTTL O.64 

With reference to FIG. 4C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the fourth pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (4252) of the rear-group rear 
lens element (4250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 10 and the 
series of aberration curves as shown in FIG. 4B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Fifth Preferred Embodiment 

With reference to FIGS.5A and 5B for a schematic view of 
an optical system and a series of aberration curves in accor 
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dance with the fifth preferred embodiment of the present 
invention respectively and Table 13 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (5G1), a aperture stop (5300) and a 
rear lens group (5G2), and the aperture stop (5300) is 
arranged between the front lens group (5G1) and the rear lens 
group (5G2). The front lens group (5G1) comprises a front 
group first lens element (5110) (labeled as the first lens ele 
ment in Table 13) and a front-group second lens element 
(5120) (labeled as the second lens element in Table 13). The 
rear lens group (5G2) comprises four lens elements, being 
respectively a rear-group first lens element (5210) (labeled as 
the third lens element in Table 13), a rear-group positive lens 
element (5230) (labeled as the fourth lens element in Table 
13), a rear-group negative lens element (5240) (labeled as the 
fifth lens element in Table 13) and a rear-group rear lens 
element (5250) (labeled as the sixth lens element in Table 13). 
The meniscus front-group first lens element (5110) with 
negative refractive power has a convex object-side Surface 
(5111) and a concave image-side surface (5112), and the 
meniscus front-group second lens element (5120) with posi 
tive refractive power has a concave image-side Surface 
(5122). 
The rear lens group (5G2) comprises four lens elements, 

being respectively: the rear-group first lens element (5210) 
with positive refractive power being a bi-convex lens ele 
ment; a bi-convex rear-group positive glass lens element 
(5230) with positive refractive power having both spherical 
object-side surface (5231) and image-side surface (5232); a 
bi-concave glass rear-group negative lens element (5240) 
with negative refractive power adjacent to an image side of 
the rear-group positive lens element (5230) having both 
spherical object-side surface (5241) and image-side Surface 
(5242), and the rear-group positive lens element (5230) and 
the rear-group negative lens element (5240) being cemented 
to form a cemented lens element; the plastic rear-group rear 
lens element (5250) nearest to the image plane (5510) having 
a convex object-side Surface (5251) and a concave image-side 
surface (5252), and both object-side surface (5251) and 
image-side surface (5252) thereof having an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (5410) and a cover glass 
(5420); the IR-filter (5410) and the cover glass (5420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (5250) and the 
image plane (5510), and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (5520) at the image plane (5510) 
for imaging a photographed object. 

TABLE 13 

Optical data of this preferred embodiment 
f = 6.92 mm, Fno = 2.80. HFOV = 37.9 deg. 

Surface # 

O Object 
1 Lens 1 
2 
3 Lens 2 
4 
5 Ape. Stop 
6 Lens 3 
7 
8 Lens 4 

Focal 
Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 
1.863299 (ASP) 1.OOO Plastic 1.544 55.9 -10.55 
1.140575 (ASP) O.704 
2.880590 (ASP) O.935 Plastic 1.583 30.2 44.12 
2.855661 (ASP) O.624 

Plano -0.104 
6.676953 (ASP) 1130 Plastic 1.514 56.8 5.15 

-4.133783 (ASP) O.100 
4.2.24554 1.667 Glass 1.788 47.4 3.39 
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TABLE 13-continued 

Optical data of this preferred embodiment 
f = 6.92 mm, Fno = 2.80. HFOV = 37.9 deg. 

Surface # Curvature Radius Thickness Material Index 

9 -6.O2SOS7 O.O10 
10 Lens 5 -6.O2SOS7 O.800 Glass 1.847 
11 6.277049 0.875 
12 Lens 6 2.544337 (ASP) O.760 Plastic 1.583 
13 1.223142 (ASP) O400 
14 IR-filter Plano O.300 Glass 1.517 
15 Plano O400 
16 Cover-glass Plano 0.550 Glass 1.517 
17 Plano O.318 
18 Image Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (5111) of the 
front-group first lens element (5110), the image-side surface 
(5112) of the front-group first lens element (5110), the object 
side surface (5121) of the front-group second lens element 
(5120), the image-side surface (5122) of the front-group sec 
ond lens element (5120), the object-side surface (5211) of the 
rear-group first lens element (5210), the image-side surface 
(5212) of the rear-group first lens element (5210), the object 
side surface (5251) and the image-side surface (5252) of the 
rear-group rear lens element (5250) are aspherical surfaces in 
compliance with the aspherical Surface formula as given in 
Equation (15), and their aspheric coefficients are listed in 
Table 14 below. 

TABLE 1.4 

Aspheric coefficients of this preferred embodiment 

Focal 
Abbe # Length 

23.8 -353 

30.2 -5.12 

642 

642 

2O TABLE 1.4 

25 

30 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 37.90 
DIST -40.05% 
tan (HFOV)/DIST -1.94 
(Rg1 + Rg)/(Rg1 - Rg2) -0.18 
(Rn + Rin) (Rin - Rn) -0.02 
(R - R2), (R+R2) O.24 
Riff O.18 
fr/ff -0.25 
Tgn/f O.OO 

Surface # 1 2 3 4 

k = -7.99143E-O1 -1.72721E--OO -5.3683OE-00 -5.2491OE--OO 
A4 = -288656E-O2 -1337O3E-O2 -1.85227E-O2 -3.79518E-03 
A6 = -9.95O39E-04 -3.9374OE-04 -14126OE-03 -3.47648E-O3 

A8 = 449781E-04 141327E-03 1.76862E-03 1.14189E-03 

A1O = -475272E-OS 3.40331E-04 -1.73496E-04 -6.34992E-04 

Surface # 6 7 12 13 

k = -1946O1E--OO -2.813 OOE-00 -15387OE--O2 -1.OOOOOE--O2 

A4 = 2.07777E-O2 7. SOOS8E-03 -1.19989E-O2 -3.38929E-O2 

A6 = 3.85593E-03 5.84512E-03 2.90767E-03 3.892.63E-03 

A8 = 1.O1956E-OS -524603E-04 -2.96223E-OS 1.50617E-04 

A1O = -9.SSO99E-OS 6.24.809E-04 -2.OS433E-OS -3.03511E-OS 

A12 = 2.02518E-O6 3.026SOE-06 

55 

With reference to Table 13 and the series of aberration 

curves as shown in FIG. 5B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.92 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 14 below, and the related symbols have been 
described above and thus will not be described again. 

60 

65 

TABLE 14-continued 

Data of related relations of this preferred embodiment 

Relation Data 

fif -0.66 
XIP-X, IP O.12 
TTL/ImgH 3.53 
SLTTL O.68 

With reference to FIG.5C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
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group rear lens element in accordance with the fifth preferred 
embodiment of the present invention, if the value of second 
derivative of SAG is equal to 0, an inflection point will be at 
that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (5252) of the rear-group rear 
lens element (5250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 13 and the 
series of aberration curves as shown in FIG. 5B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Sixth Preferred Embodiment 

10 

15 

With reference to FIGS. 6A and 6B for a schematic view of 20 
an optical system and a series of aberration curves in accor 
dance with the sixth preferred embodiment of the present 
invention respectively and Table 15 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (6G1), a aperture stop (6300) and a 
rear lens group (6G2), and the aperture stop (6300) is 

26 
tive refractive power has a convex object-side surface (6121) 
and a concave image-side Surface (6122). 
The rear lens group (6G2) comprises four lens elements, 

being respectively: the rear-group first lens element (62.10) 
with positive refractive power being a bi-convex lens ele 
ment; the bi-convex rear-group positive glass lens element 
(6230) with positive refractive power having both spherical 
object-side surface (6231) and image-side surface (6232); the 
bi-concave rear-group negative lens element (6240) with 
negative refractive power adjacent to the image side of the 
rear-group positive lens element (6230); the plastic rear 
group rear lens element (6250) nearest to the image plane 
(6510) having a convex object-side surface (6251) and a 
concave image-side surface (6252), and both object-side sur 
face (6251) and image-side surface (6252) thereof having an 
inflection point. 
The image taking optical system of this preferred embodi 

ment further comprise an IR-filter (6410) and a cover glass 
(6420); the IR-filter (6410) and the cover glass (6420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (6250) and the 
image plane (6510) and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (6520) at the image plane (6510) 
for imaging a photographed object. 

TABLE 16 

Optical data of this preferred embodiment 
f = 7.02 mm, Fno = 2.80. HFOV = 37.9 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 2.042960 (ASP) 1.OOO Plastic 1.544 55.9 -16.88 
2 1.383.038 (ASP) O.835 
3 Lens 2 3.450955 (ASP) O.7OO Plastic 1.583 30.2 -54.O3 
4 2.877969 (ASP) O.274 
5 Ape. Stop Plano -0.061 
6 Lens 3 12.188173 (ASP) 1.232 Plastic 1.514 56.8 4.89 
7 -3.056951 (ASP) O.100 
8 Lens 4 S.116671 1.701 Glass 620 60.3 4.62 
9 -5.674.184 O423 
10 Lens 5 -3.927837 (ASP) O.800 Plastic 1.634 23.8 -435 
11 10.015949 (ASP) O.348 
12 Lens 6 1.342477 (ASP) O.647 Plastic 1.583 30.2 -4.76 
13 0.744233 (ASP) O.400 
14 R-filter Plano O.300 Glass S17 642 
15 Plano O.400 
16 Cover-glass Plano 0.550 Glass S17 642 
17 Plano O.318 
18 mage Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces, 

arranged between the front lens group (6G1) and the rear lens 
group (6G2). The front lens group (6G1) comprises a front 
group first lens element (6110) (labeled as the first lens ele 
ment in Table 15) and a front-group second lens element 
(6120) (labeled as the second lens element in Table 15). The 
rear lens group (6G2) comprises four lens elements, being 
respectively a rear-group first lens element (6210) (labeled as 
the third lens element in Table 15), a rear-group positive lens 
element (6230) (labeled as the fourth lens element in Table 
15), a rear-group negative lens element (6240) (labeled as the 
fifth lens element in Table 15) and a rear-group rear lens 
element (6250) (labeled as the sixth lens element in Table 15). 
The meniscus front-group first lens element (6110) with 
negative refractive power has a convex object-side Surface 
(6111) and a concave image-side surface (6112), and the 
meniscus front-group second lens element (6120) with nega 

55 

60 

65 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (6111) of the 
front-group first lens element (6110), the image-side surface 
(6112) of the front-group first lens element (6110), the object 
side surface (6121) of the front-group second lens element 
(6120), the image-side surface (6122) of the front-group sec 
ond lens element (6120), the object-side surface (6211) of the 
rear-group first lens element (6210), the image-side Surface 
(6212) of the rear-group first lens element (6210), the object 
side Surface (6241) of the rear-group negative lens element 
(6240), the image-side Surface (6242) of the rear-group nega 
tive lens element (6240), the object-side surface (6251) of the 
rear-group rear lens element (6250) and the image-side Sur 
face (6252) of the rear-group rear lens element (6250) are 
aspherical Surfaces in compliance with the aspherical Surface 
formula as given in Equation (15), and their aspheric coeffi 
cients are listed in Table 17 below. 
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TABLE 17 

Aspheric coefficients of this preferred embodiment 

28 

Surface # 1 2 3 4 6 

k = -6.024.33E-O1 -133095E-00 -2.83.683E--OO -2.12343E--OO 4.67689E--O1 
A4 = -163429E-02 -2.07173E-O2 -4.67O69E-O2 -18436OE-O2 2.53178E-O2 
A6 = -3.587O2E-O3 -106907E-O2 -1.657O8E-O2 -1.86081E-O2 2.06757E-03 
A8 = 3.60635E-04 2.752O8E-O3 2.15112E-O3 7.63394E-O3 -1.71 O21E-03 
A1O = -5.95707E-O6 -4.4731 OE-04 3.23418E-04 -123139E-03 2.66247E-04 

Surface # 7 10 11 12 13 

k = -8.54369E-01 -2.02757E--OO -7.40309E-00 -1.00159E--O2 -1.OOOOOE--O2 
A4 = 3.27662E-03 -15774OE-03 -201794E-O3 -3.28179E-04 -2.515O2E-O2 
A6 = 4.OO6(OOE-03 9.85428E-04 -SO34O7E-OS 1.05626E-O3 4.59.625E-03 
A8 = S.S858OE-04 1.88582E-OS 3.88S95E-05 - 6.89113E-OS -3.32O44E-OS 
A1O = 3.782SSE-04 -3.4O924E-OS -1.75675E-05 -2.OO144E-OS -5.92695E-05 
A12 = S.2O859E-07 4.21744E-06 

With reference to Table 15 and the series of aberration 
curves as shown in FIG. 6B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f7.02 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 18 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 18 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 37.90 
DIST -39.54% 
tan(HFOV)/DIST -1.97 
(Rg1 + Rg2)/(Rg1 - Rg2) -0.05 
(Rn + Rn), (Rin - Rn) -0.44 
(R - R2),(R+R2) O.19 
Riff O.11 
fr/ff -0.23 
Tgniff O.O6 
ff, -0.42 
XP, XP O.09 
TTL/ImgH 3.35 
SLTTL O.71 

With reference to FIG. 6C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the sixth preferred 
embodiment of the present invention, if the value of second 
derivative of SAG is equal to 0, an inflection point will be at 
that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (6252) of the rear-group rear 
lens element (6250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 15 and the 
series of aberration curves as shown in FIG. 6B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Seventh Preferred Embodiment 

With reference to FIGS. 7A and 7B for a schematic view of 
an optical system and a series of aberration curves in accor 
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dance with the seventh preferred embodiment of the present 
invention respectively and Table 19 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (7G1), a aperture stop (7300) and a 
rear lens group (7G2), and the aperture stop (7300) is 
arranged between the front lens group (7G1) and the rear lens 
group (7G2). The front lens group (7G1) comprises a front 
group first lens element (7110) (labeled as the first lens ele 
ment in Table 19), a front-group second lens element (7120) 
(labeled as the second lens element in Table 19) and a front 
group third lens element (7130) (labeled as the third lens 
element in Table 19). The rear lens group (7G2) comprises 
three lens elements, being respectively: a rear-group positive 
glass lens element (7230) (labeled as the fourth lens element 
in Table 19), a rear-group negative lens element (7240) (la 
beled as the fifth lens element in Table 19) and a rear-group 
rear lens element (7250) (labeled as the sixth lens element in 
Table 19). The meniscus front-group first lens element (7110) 
with positive refractive power has a convex object-side sur 
face (7111) and a concave image-side surface (7112), the 
meniscus front-group second lens element (7120) with posi 
tive refractive power has a concave object-side surface (7121) 
and a convex image-side Surface (7122), and the front-group 
third lens element (7130) with positive refractive power has a 
concave object-side Surface (7131) and a convex image-side 
surface (7132). 
The rear lens group (7G2) comprises three lens elements, 

being respectively: the bi-convex rear-group positive glass 
lens element (7230) with positive refractive power having 
both spherical object-side surface (7231) and image-side sur 
face (7232); the bi-concave rear-group negative lens element 
(7240) with negative refractive power adjacent to the image 
side of the rear-group positive lens element (7230); the plastic 
rear-group rear lens element (7250) nearest to the image plane 
(7510) having a convex object-side surface (7251) and a 
concave image-side surface (7252), and both object-side sur 
face (7251) and image-side surface (7252) thereof having an 
inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (7410) installed between 
the rear-group rear lens element (7250) and the image plane 
(7510) and generally made of plate optical material without 
affecting the overall focal length of the image taking optical 
system of the present invention. The image taking optical 
system of this preferred embodiment further comprises an 
image sensor (7520) at the image plane (7510) for imaging a 
photographed object. 
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TABLE 19 

Optical data of this preferred embodiment 

30 

f = 6.70 mm. Fino = 2.84. HFOV = 38.8 deg. 

Surface # Curvature Radius Thickness Material Index 

O Object Plano Infinity 
1 Lens 1 2.838587 (ASP) O.700 Plastic 1.535 
2 2.663434 (ASP) O.806 
3 Lens 2 -16.652390 (ASP) 1.012 Plastic 1.633 
4 -15. 192421 (ASP) O140 
5 Lens 3 -12.111144 (ASP) O.7O6 Plastic 1.544 
6 -11.921201 (ASP) O.1OS 
7 Ape. Stop Plano O.100 
8 Lens 4 4712874 1.767 Glass 729 
9 -3.453824 O.365 
10 Lens 5 -5.177268 (ASP) O600 Plastic 1.650 
11 18.986818 (ASP) 1.104 
12 Lens 6 -50.410052 (ASP) 0.595 Plastic 1.583 
13 2.331169 (ASP) O400 
14 R-filter Plano O.300 Glass 517 
15 Plano O400 
16 Cover-glass Plano 0.550 Glass 517 
17 Plano O.315 
18 Lmage Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (7111) of the 
front-group first lens element (7110), the image-side surface 
(7112) of the front-group first lens element (7110), the object 
side surface (7121) of the front-group second lens element 
(7120), the image-side surface (7122) of the front-group sec 
ond lens element (7120), the object-side surface (7131) of the 
front-group third lens element (7130), the image-side surface 
(7132) of the front-group third lens element (7130), the 

Focal 
Abbe # Length 

56.3 205.85 

23.4 215.85 

SS.9 604.57 

54.5 3.01 

21.4 -6.20 

30.2 -3.8O 

642 

642 
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object-side surface (7241) of the rear-group negative lens 
element (7240), the image-side surface (7242) of the rear 
group negative lens element (7240), the object-side surface 
(7251) of the rear-group rear lens element (7250) and the 
image-side surface (7252) of the rear-group rear lens element 
(7250) are aspherical surfaces in compliance with the 
aspherical Surface formula as given in Equation (15), and 
their aspheric coefficients are listed in Table 20. 

TABLE 20 

Aspheric coefficients of this preferred embodiment 

Surface # 1 

: -135373E--OO 

A4 = -2.75432E-O2 
A6 = 2.85272E-03 

A8 = 2.74233E-04 

A1O = -541092E-OS 

Surface # 6 

: -1.61518E--O1 

A4 = 1.30427E-O2 

A6 = 8.34472E-03 

A8 = -2.881.63E-03 

A1O = 1.253O3E-03 

A12 = 

60 

65 

2 3 4 

-6.63535E--OO -1.02O82E--O1 -588.742E--O1 4.64939E-01 

-8.88114E-04 -7.30265E-03 6.10943E-03 3.19333E-O2 
1.72694E-03 2.73054E-03 S.80227E-04 8.35676E-03 

9.87214E-04 -1.7S74OE-03 S.72425E-04 2.75171E-04 

1.33266E-OS 3.SO318E-04 9.95481E-OS 131674E-04 

10 11 12 13 

2.51689E--OO 6.6707SE--O1 -3.33166E--OO -1.OOOOOE--O2 

-1.25649E-O2 -1.OO667E-O2 -8.53690E-O2 -6.36699E-O2 

-440755E-03 8.92414E-04 1369.16E-O2 2.OSS43E-03 

114362E-O3 -369909E-04 2.86562E-04 4.05868E-04 

-107967E-04 1.53785E-05 -4.06935E-05 4.9509SE-OS 

-742327E-O6 S.463O3E-06 

With reference to Table 19 and the series of aberration 
curves as shown in FIG. 7B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.70 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.84. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 21 below, and the related symbols have been 
described above and thus will not be described again. 



US 8,335,043 B2 
31 

TABLE 21 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 38.8 
DIST -39.21% 
tan(HFOV)/DIST -2.05 
(Rg1 + Rg2)/(Rg1 - Rg2) O.15 
(Rn + Rn), (Rin - Rn) -0.57 
(R - R2),(R+R2) O.O3 
Riff O.35 
fr/f O.O7 
Tgniff O.OS 
fif O.O3 
XP, XP O.O1 
TTL/ImgH 3.36 
SLTTL O.64 

With reference to FIG. 7C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the seventh pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (7252) of the rear-group rear 
lens element (7250) equal to zero are found, indicating that 
there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 19 and the 
series of aberration curves as shown in FIG. 7B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Eighth Preferred Embodiment 

With reference to FIGS. 8A and 8B for a schematic view of 
an optical system and a series of aberration curves in accor 
dance with the eighth preferred embodiment of the present 
invention respectively and Table 22 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (8G-1), a aperture stop (83.00) and a 
rear lens group (8G2), and the aperture stop (83.00) is 

10 

15 

25 

30 

35 

40 

32 
arranged between the front lens group (8G1) and the rear lens 
group (8G2). The front lens group (8G1) comprises a front 
group first lens element (8110) (labeled as the first lens ele 
ment in Table 22). The rear lens group (8G2) comprises five 
lens elements, being respectively a rear-group first lens ele 
ment (8210) (labeled as the second lens element in Table 22), 
a rear-group second lens element (8220) (labeled as the third 
lens element in Table 22), a rear-group positive lens element 
(8230) (labeled as the fourth lens element in Table 22), a 
rear-group negative lens element (8240) (labeled as the fifth 
lens element in Table 22) and a rear-group rear lens element 
(8250) (labeled as the sixth lens element in Table 22 lens 
element). The meniscus front-group first lens element (8110) 
with negative refractive power has a convex object-side Sur 
face (8111) and a concave image-side surface (8112) 
The rear lens group (8G2) comprises five lens elements, 

being respectively: the rear-group first lens element (8210) 
with positive refractive power being a bi-convex lens ele 
ment; the meniscus rear-group second lens element (8220) 
with negative refractive power having a concave object-side 
Surface (8221); the bi-convex rear-group positive glass lens 
element (8230) with positive refractive power having both 
spherical object-side surface (8231) and image-side surface 
(8232); the meniscus glass rear-group negative lens element 
(8240) with negative refractive power adjacent to the image 
side of the rear-group positive lens element (8230) having a 
concave object-side Surface (8241), wherein the rear-group 
positive lens element (8230) and the rear-group negative lens 
element (8240) are adjacent to each other with the interval 
apart reduced to be the smallest, or attached with each other to 
form a cemented lens element; the plastic rear-group rear lens 
element (8250) nearest to the image plane (8510) having a 
convex object-side Surface (8251) and a concave image-side 
surface (8252), and both object-side surface (8251) and 
image-side surface (8252) thereof having an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprise an IR-filter (8410) installed between 
the rear-group rear lens element (8250) and the image plane 
(8510) and generally made of plate optical material without 
affecting the overall focal length of the image taking optical 
system of the present invention. The image taking optical 
system of this preferred embodiment further comprises an 
image sensor (8520) at the image plane (8510) for imaging a 
photographed object. 

TABLE 22 

Optical data of this preferred embodiment 
f = 0.05 mm. Fino = 2.85. HFOV = 38.8 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1980499 (ASP) O.800 Plastic 1.634 23.8 -9.81 
2 1.266729 (ASP) O.996 
3 Ape. Stop Plano O.O13 
4 Lens 2 6.602224 (ASP) 1.108 Plastic 1.583 30.2 3.33 
5 -2.586303 (ASP) O.200 
6 Lens 3 -1.544171 (ASP) O.6OO Plastic 1.633 23.4 -8.89 
7 –2.448836 (ASP) O.100 
8 Lens 4 4.515448 2.100 Glass 1.804 46.5 2.95 
9 -3.96S473 O.O10 
10 Lens 5 -3.96S473 O.7OO Glass 1.847. 23.8 -3.07 
11 8.1780OO 0.572 
12 Lens 6 1.006986 (ASP) O.800 Plastic 1.514 56.8 -3.65 
13 0.478586 (ASP) O.6OO 
14 IR-filter Plano O.300 Glass S17 642 
15 Plano O.3SO 
16 Cover-glass Plano 0.550 Glass S17 642 
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TABLE 22-continued 

Optical data of this preferred embodiment 

34 

f = 0.05 mm. Fino = 2.85. HFOV = 38.8 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

17 Plano O.182 
18 Image Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (8111) of the 
front-group first lens element (8110), the image-side surface 
(8112) of the front-group first lens element (8110), the object 
side surface (8211) of the rear-group first lens element (8210), 
the image-side surface (8212) of the rear-group first lens 
element (8210), the object-side surface (8221) of the rear 
group second lens element (8220), the image-side Surface 
(8222) of the rear-group second lens element (8220), the 
object-side surface (8251) of the rear-group rear lens element 
(8250) and the image-side surface (8252) of the rear-group 
rear lens element (8250) are aspherical surfaces in compli 
ance with the aspherical Surface formula as given in Equation 
(15), and their aspheric coefficients are listed in Table 23 
below. 

TABLE 23 

Aspheric coefficients of this preferred embodiment 

Surface # 1 2 4. 

k = -1.15546E--OO -1.13073E--OO 124754E--O1 
A4 = 162695E-04 1.64629E-02 1.03232E-O2 
A6 = -9.645O1E-03 -1.74152E-O2 -3.04471E-03 
A8 = 1392O3E-04 -3.242.16E-03 2.29672E-04 
A1O = 2.20088E-04 3.1954OE-03 -6.78787E-OS 
A12 = -1.75O12E-OS 

Surface # 6 7 12 

k = -1.7O156E--OO -244265E-00 -8.OOOOOE--O1 
A4 = 4.61681E-O2 2.66123E-O2 3.68672E-O2 
A6 = -4.01678E-03 -166991E-03 -1.15959E-02 
A8 = -4.91.61OE-03 -102834E-03 2.2346SE-03 
A1O = 3.93690E-04 S.17958E-04 -2.42569E-04 
A12 = 3.6O29OE-04 -4.O2928E-OS 8.85749E-06 

With reference to Table 22 and the series of aberration 
curves as shown in FIG. 8B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.65 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.85. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 24 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 24 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 38.8 
DIST -40.58% 
tan(HFOV)/DIST -1.98 

TABLE 24-continued 

Data of related relations of this preferred embodiment 15 

Relation Data 

(Rn + Rin) (Rin - Rn) -O.35 

fr/ff -0.26 
Tgniff O.OO 
fif -0.68 
XIP-X, IP O.08 
TTL/ImgH 3.35 

25 SLTTL O.82 

5 

-5.28.851E-O1 
1.8OSSSE-O2 

-6.98488E-OS 
-2.23113E-OS 
-3.3731 SE-03 
1.1225SE-03 

13 

-1.OOOOOE--O2 
1.08.166E-O2 

-2.94771E-03 
7.35923E-04 
-102741E-04 
5.31783E-06 
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With reference to FIG. 8C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the eighth pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, one second derivative of SAG 
value of the image-side surface (8252) of the rear-group rear 
lens element (8250) equal to Zero is found, indicating that 
there is one inflection point between the center and the periph 
ery of the optical surface. 

According to the optical data as shown in Table 22 and the 
series of aberration curves as shown in FIG. 8B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 
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Ninth Preferred Embodiment 

With reference to FIGS. 9A and 9B for a schematic view of 
an optical system and a series of aberration curves in accor 
dance with the ninth preferred embodiment of the present 
invention respectively and Table 25 for the optical data of this 
preferred embodiment, the image taking optical system com 
prises a front lens group (9G1), a aperture stop (9300) and a 
rear lens group (9G2), and the aperture stop (9300) is 
arranged between the front lens group (9G1) and the rear lens 
group (9G2). The front lens group (9G1) comprises a front 
group first lens element (9110) (labeled as the first lens ele 
ment in Table 25), a front-group second lens element (9120) 
(labeled as the second lens element in Table 25) and a front 
group third lens element (9130) (labeled as the third lens 
element in Table 25). The rear lens group (9G2) comprises 
three lens elements, being respectively: a rear-group positive 
lens element (9230) (labeled as the fourth lens element in 

10 

15 

Surface # 

O Object 
1 Lens 1 

2 
3 Lens 2 

4 

5 Lens 3 

6 
7 Ape. Stop 
8 Lens 4 
9 

10 Lens 5 
11 

12 Lens 6 

13 

14 R-filter 

15 

16 Cover-glass 
17 

18 Image 

Note: 
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negative lens element (9240) with negative refractive power 
adjacent to the image side of the rear-group positive lens 
element (9230); the plastic rear-group rear lens element 
(9250) nearest to the image plane (9510) having a convex 
object-side surface (9251) and a concave image-side surface 
(9252), and both object-side surface (9251) and image-side 
surface (9252) thereof having an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (94.10) and a cover glass 
(9420); the IR-filter (94.10) and the cover glass (9420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (9250) and the 
image plane (95.10), and generally made of plate optical mate 
rial without affecting the overall focal length of the image 
taking optical system of the present invention. The image 
taking optical system of this preferred embodiment further 
comprises an image sensor (9520) at the image plane (9510) 
for imaging a photographed object. 

TABLE 25 

Optical data of this preferred embodiment 
f = 6.48 mm, Fno = 2.83, HFOV = 39.3 deg. 

Focal 

Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 
2.372896 (ASP) 1.450 Plastic 1.530 55.8 -1169.16 
1.863485 (ASP) 1.035 

36.566128 (ASP) O.646 Plastic 1.614. 25.6 -34.32 
13.28.1840 (ASP) O.199 
4.949803 (ASP) 0.797 Plastic 1.543 56.5 6.51 

-11.680493 (ASP) O.040 
Plano O.230 

7.4.1991.3 1449 Glass 1.517 64.2 2.94 
-1.780861 O.083 

–2.94.6290 (ASP) O.4SO Plastic 1.583 30.2 -3.20 
5.369251 (ASP) O.943 
3.474534 (ASP) 0.677 Plastic 1.650 21.4 -23.91 
2.621480 (ASP) O.SOO 

Plano O.300 Glass S17 642 

Plano O.400 

Plano O.400 Glass S17 642 

Plano O.360 

Plano 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

Table 25), a rear-group negative lens element (9240) (labeled 
as the fifth lens element in Table 25) and arear-group rear lens 
element (9250) (labeled as the sixth lens element in Table 25). 
The meniscus front-group first lens element (9110) with 
negative refractive power has a convex object-side Surface 
(9111) and a concave image-side surface (9112). The menis 
cus front-group second lens element (9120) with negative 
refractive power has a convex object-side surface (9121) and 
a concave image-side surface (9122). The front-group third 
lens element (9130) with positive refractive power has a con 
vex object-side surface (9131) and a convex image-side sur 
face (9132). 
The rear lens group (9G2) comprises three lens elements, 

being respectively: the rear-group positive glass lens element 
(9230) with positive refractive power being a bi-convex lens 
element and having both spherical object-side surface (9231) 
and image-side Surface (9232); the bi-concave rear-group 
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The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (9111) of the 
front-group first lens element (9110), the image-side surface 
(9112) of the front-group first lens element (9110), the object 
side surface (9121) of the front-group second lens element 
(9120), the image-side surface (9122) of the front-group sec 
ond lens element (9120), the object-side surface (9131) of the 
front-group third lens element (9130), the image-side surface 
(9132) of the front-group third lens element (9130), the 
object-side surface (9241) of the rear-group negative lens 
element (9240), the image-side surface (9242) of the rear 
group negative lens element (9240), the object-side surface 
(9251) and the image-side surface (9252) of the rear-group 
rear lens element (9250) are aspherical surfaces in compli 
ance with the aspherical Surface formula as given in Equation 
(15), and their aspheric coefficients are listed in Table 26 
below. 
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TABLE 26 

Aspheric coefficients of this preferred embodiment 

38 

Surface # 1 2 3 4 5 

k = -4-16031E--OO -187392E--OO 7.32838E--O1 8.99991E--O1 4.3071 OE-00 
A4 = 2.0422OE-O2 -2.54O79E-04 4.301SSE-O2 4.462O1E-O2 9.22747E-03 
A6 = -810236E-03 -5.23912E-03 3.63783E-03 1.09999E-02 3.5591 SE-O2 
A8 = 9.73522E-04 6.79689E-03 -1.15248E-03 1.37326E-04 -7.16999E-OS 
A1O = -440335E-05 -15O181E-03 -1477OOE-03 -6.55166E-03 3.12464E-O3 

Surface # 6 10 11 12 13 

k = 6.41233E--O1 6.76343E-O1 -7.07S7SE--O1 -8.87968E--O1 -7.12362E--O1 
A4 = 7.14949E-03 -104681E-O1 -6.O2578E-O2 -186598E-O3 -5.279OOE-O2 
A6 = 6.68.309E-O2 1.74568E-O2 8.26398E-03 3.994O2E-03 2.27806E-O2 
A8 = -542278E-O2 1403O2E-O2 4.6646OE-04 -2.11209E-03 -5.19839E-03 
A1O = S.228O1E-O2 -3.37468E-03 8.444O1E-05 4.14398E-OS 3.99057E-04 

With reference to Table 25 and the series of aberration 
curves as shown in FIG. 9B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.48 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.83. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 27 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 27 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 
DIST 
tan(HFOV)/DIST 
(Rg1 + Rg2)/(Rg1 - Rg2) 
(Rn + Rn), (Rin - Rn) 
(R - R2)/(R, +R2) 

39.3° 
-39.78% 
-2.06 
O.61 

-0.29 
O.12 

25 

30 
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Riff 

Tgniff 
ff, 
XP, XP 
TTL/ImgH 
SLTTL 

O.40 
2.35 
O.O1 

-0.01 
O.26 
3.38 
0.57 
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With reference to FIG.9C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the ninth pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, one second derivative of SAG 
value of the image-side surface (9252) of the rear-group rear 
lens element (9250) equal to Zero is found, indicating that 
there is one inflection point between the center and the periph 
ery of the optical surface. 

According to the optical data as shown in Table 25 and the 
series of aberration curves as shown in FIG. 9B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Tenth Preferred Embodiment 

With reference to FIGS. 10A and 10B for a schematic view 
of an optical system and a series of aberration curves in 
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accordance with the tenth preferred embodiment of the 
present invention respectively and Table 28 for the optical 
data of this preferred embodiment, the image taking optical 
system comprises a front lens group (10G-1), a aperture stop 
(10300) and a rear lens group (10G2), and the aperture stop 
(10300) is arranged between the front lens group (10G1) and 
the rear lens group (10G2). The front lens group (10G1) 
comprises a front-group first lens element (10110) (labeled as 
the first lens element in Table 28), and a front-group second 
lens element (10120) (labeled as the second lens element in 
Table 28). The rear lens group (10G2) comprises four lens 
elements, being respectively: a rear-group first lens element 
(10210) ((labeled as the third lens element in Table 28), a 
rear-group positive lens element (10230) (labeled as the 
fourth lens element in Table 28), a rear-group negative lens 
element (10240) (labeled as the fifth lens element in Table 28) 
and a rear-group rear lens element (10250) (labeled as the 
sixth lens element in Table 28). The meniscus front-group 
first lens element (10110) with negative refractive power has 
a convex object-side Surface (10111) and a concave image 
side surface (10112). The meniscus front-group second lens 
element (10120) with positive refractive power has a convex 
object-side Surface (10121) and a concave image-side Surface 
(10122). 
The rear lens group (10G2) comprises four lens elements, 

being respectively: the rear-group first lens element (10210) 
with positive refractive power being a bi-convex lens ele 
ment; the bi-convex rear-group positive glass lens element 
(10230) with positive refractive power having both spherical 
object-side surface (10231) and image-side surface (10232); 
a bi-concave rear-group negative lens element (10240) with 
negative refractive power adjacent to the image side of the 
rear-group positive lens element (10230); the plastic rear 
group rear lens element (10250) nearest to the image plane 
(10510) having a convex object-side surface (10251) and a 
concave image-side surface (10252), and both object-side 
surface (10251) and image-side surface (10252) thereofhav 
ing an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (10410) and a cover glass 
(10420); the IR-filter (10410) and the coverglass (10420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (10250) and the 
image plane (10510), and generally made of plate optical 
material without affecting the overall focal length of the 
image taking optical system of the present invention. The 
image taking optical system of this preferred embodiment 
further comprises an image sensor (10520) at the image plane 
(10510) for imaging a photographed object. 
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TABLE 28 

Optical data of this preferred embodiment 
f = 5.99 mm, Fno = 2.80, HFOV = 39.2 deg. 

Surface # Curvature Radius Thickness Material Index 

O Object Plano Infinity 
1 Lens 1 1.739133 (ASP) 1.352 Plastic 1.514 

2 1.161539 (ASP) O.854 
3 Lens 2 13.478730 (ASP) O.843 Plastic 1.535 

4 83. 196274 (ASP) O.228 
5 Ape. Stop Plano O.O70 
6 Lens 3 17.582431 (ASP) 0.773 Plastic 1.514 

7 -43.1985.83 (ASP) O.O70 
8 Lens 4 S.219.309 1.581 Glass 713 

9 -2.684,475 O.100 

10 Lens 5 -6.820585 (ASP) 0.752 Plastic 1.650 

11 3.906764 (ASP) O.734 
12 Lens 6 3.335418 (ASP) O642 Plastic 1.634 

13 2.915303 (ASP) OSOO 
14 R-filter Plano O.300 Glass 517 

15 Plano O400 

16 Cover-glass Plano O400 Glass 517 
17 Plano O.369 

18 Image Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 
the table above, wherein the object-side surface (10111) of 

40 

Focal 

Abbe # Length 

56.8 -33.12 

56.3 29.96 

56.8 24.44 

53.8 2.71 

21.4 -3.72 

23.8 -89.68 

642 

642 

group rear lens element (10250) are aspherical surfaces in 
compliance with the aspherical Surface formula as given in 

the front-group first lens element (10110), the image-side 35 Equation (15), and their aspheric coefficients are listed in 
surface (10112) of the front-group first lens element (10110), 

Surface # 1 

Table 29 below. 

TABLE 29 

Aspheric coefficients of this preferred embodiment 

: -3.31178E--OO 

A4 = S.O9197E-O2 
A6 = -1.36667E-O2 
A8 = 1.1958SE-03 
A1O = -42O931E-05 

Surface # 7 

: 2.OOOOOE--O2 

A4 = -4.80576E-03 
A6 = 2.72471E-03 
A8 = -5.36217E-04 
A1O = 8.7336OE-04 

the object-side surface (10121) of the front-group second lens 
element (10120), the image-side surface (10122) of the front 
group second lens element (10120), the object-side surface 
(10211) of the rear-group first lens element (10210), the 
image-side surface (10212) of the rear-group first lens ele 
ment (10210), the object-side surface (10241) of the rear 
group negative lens element (10240), the image-side Surface 
(10242) of the rear-group negative lens element (10240), the 
object-side surface (10251) of the rear-group rear lens ele 
ment (10250) and the image-side surface (10252) of the rear 

60 

65 

2 3 4 6 

-165683E--OO 9.OOOOOE--O1 9.OOOOOE--O1 135046E--O2 
5.648S1E-O2 111016E-O2 3.64673E-O2 2.45638E-O2 

-2.248.79E-02 7.58376E-03 3.20214E-O2 -24O181E-03 
-7.53875E-04 1.96215E-03 -1826OOE-O2 102145E-02 
4.71513E-03 9.57859E-04 1.07541E-O2 -476411E-03 

10 11 12 13 

1.01.071E--O1 -3.04677E--O1 -7.15274E--O1 -1.4653OE--O2 
-S.1553OE-02 -1.18999E-O2 -4.0736.5E-02 -8.28835E-02 
2.14605E-04 -443326E-03 1871.53E-O2 2.15322E-O2 
1858.24E-03 3.28O13E-04 -3.53806E-O3 -14382OE-03 

-106998E-04 7.086OOE-OS 2.276S2E-04 2.23 OO6E-O6 

With reference to Table 28 and the series of aberration 
curves as shown in FIG. 10B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f=5.99 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.80. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 30 below, and the related symbols have been 
described above and thus will not be described again. 
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TABLE 30 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 39.2° 
DIST -38.85% 
tan(HFOV)/DIST -2.10 
(Rg1 + Rg2)/(Rg1 - Rg2) O.32 
(Rn + Rn), (Rin - Rn) 0.27 
(R - R2),(R+R2) O.20 
Riff O.49 
fr/f -0.02 
Tgniff O.O2 
fif -0.18 
XP, XP O.09 
TTL/ImgH 3.41 
SLTTL O.66 

With reference to FIG. 10C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 
group rear lens element in accordance with the tenth preferred 
embodiment of the present invention, if the value of second 
derivative of SAG is equal to 0, an inflection point will be at 
that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (10252) of the rear-group 
rear lens element (10250) equal to Zero are found, indicating 
that there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 28 and the 
series of aberration curves as shown in FIG. 10B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

Eleventh Preferred Embodiment 

With reference to FIGS. 11A and 11B for a schematic view 
of an optical system and a series of aberration curves in 
accordance with the seventh preferred embodiment of the 
present invention respectively and Table 31 for the optical 
data of this preferred embodiment, the image taking optical 
system comprises a front lens group (11G1), a aperture stop 
(11300) and a rear lens group (11G2), and the aperture stop 
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(11300) is arranged between the front lens group (11G1) and 
the rear lens group (11G2). The front lens group (11G1) 
comprises a front-group first lens element (11110) (labeled as 
the first lens element in Table 31), a front-group second lens 
element (11120) (labeled as the second lens element in Table 
31) and a front-group third lens element (11130) (labeled as 
the third lens element in Table 31). The rear lens group (11G2) 
comprises three lens elements, being respectively: a rear 
group positive lens element (11230) (as labeled as the fourth 
lens element in Table 31), a rear-group negative lens element 
(11240) (as labeled as the fifth lens element in Table 31) and 
a rear-group rear lens element (11250) (as labeled as the sixth 
lens element in Table 31). The meniscus front-group first lens 
element (11110) with positive refractive power has a convex 
object-side Surface (11111) and a concave image-side Surface 
(11112). The meniscus front-group second lens element 
(11120) with negative refractive power has a convex object 
side surface (11121) and a concave image-side Surface 
(11122). The front-group third lens element (11130) with 
negative refractive power has a concave object-side Surface 
(11131) and a convex image-side surface (11132). 
The rear lens group (11G2) comprises three lens elements, 

the bi-convex rear-group positive glass lens element (11230) 
with positive refractive power having both spherical object 
side surface (11231) and image-side surface (11232); the 
bi-concave rear-group negative lens element (11240) with 
negative refractive power adjacent to the image side of the 
rear-group positive lens element (11230); and the plastic rear 
group rear lens element (11250) nearest to the image plane 
(11510) and having a convex object-side surface (11251) and 
a concave image-side surface (11252), and both object-side 
surface (11251) and image-side surface (11252) thereofhav 
ing an inflection point. 
The image taking optical system of this preferred embodi 

ment further comprises an IR-filter (11410) and a cover glass 
(11420); the IR-filter (11410) and the coverglass (11420) are 
installed sequentially from the object side to the image side 
and between the rear-group rear lens element (11250) and the 
image plane (11510), and generally made of plate optical 
material without affecting the overall focal length of the 
image taking optical system of the present invention. The 
image taking optical system of this preferred embodiment 
further comprises an image sensor (11520) at the image plane 
(11510) for imaging a photographed object. 

TABLE 31 

Optical data of this preferred embodiment 
f = 0.07 mm, Fno = 2.81. HFOV = 39.2 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1970 101 (ASP) 1.154 Plastic 1.514 56.8 87.72 
2 1.650737 (ASP) O.762 
3 Lens 2 5.776628 (ASP) 0.705 Plastic 1.650 21.4 -66.83 
4 4.853227 (ASP) O.465 
5 Lens 3 -7.539413 (ASP) O.830 Plastic 1.633 23.4 -70.37 
6 –9.463071 (ASP) O.O70 
7 Ape. Stop Plano O.O70 
8 Lens 4 3.5497 O2 1542 Glass 1.589 61.3 2.30 
9 -1.836718 O. 103 
10 Lens 5 -3.571730 (ASP) 0.655 Plastic 1.583 30.2 -3.42 
11 4.832072 (ASP) O.969 
12 Lens 6 3.819151 (ASP) O.676 Plastic 1.633 23.4 -24.03 
13 2.84.3128 (ASP) O.SOO 
14 IR-filterer Plano O.300 Glass S17 642 
15 Plano O.400 
16 Cover-glass Plano O.400 Glass S17 642 
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TABLE 31-continued 

Optical data of this preferred embodiment 

44 

f = 0.07 mm, Fno = 2.81. HFOV = 39.2 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

17 Plano O.366 
18 Image Plano 

Note: 

Reference wavelength is 587.6 mm. ASP stands for aspherical surfaces. 

The optical data of this preferred embodiment are listed in 
the table above, wherein, the object-side surface (11111) of 
the front-group first lens element (11110), the image-side 
surface (11112) of the front-group first lens element (11110), 
the object-side surface (11121) of the front-group second lens 
element (11120), the image-side surface (11122) of the front 
group second lens element (11120), the object-side surface 
(11131) of the front-group third lens element (11130), the 
image-side surface (11132) of the front-group third lens ele 
ment (11130), the object-side surface (11241) of the rear 
group negative lens element (11240), the image-side Surface 
(11242) of the rear-group negative lens element (11240), the 
object-side surface (11251) of the rear-group rear lens ele 
ment (11250) and the image-side surface (11252) of the rear 
group rear lens element (11250) are aspherical surfaces in 
compliance with the aspherical Surface formula as given in 
Equation (15), and their aspheric coefficients are listed in 
Table 32 below. 

TABLE 32 

15 

25 

Aspheric coefficients of this preferred embodiment 

TABLE 33-continued 

Data of related relations of this preferred embodiment 

Relation Data 

tan (HFOV)/DIST -2.10 
(Rg1 + Rg2)/(Rg1 - Rg2) O.32 
(Rn + Rin) (Rin - Rn) -0.15 
(R-R), (R, +R2) O.09 
Riff O.47 
fr/ff -0.05 
Tgniff O.O2 
fif O.O7 
XIP-X, IP O.OS 
TTL/ImgH 3.41 
SLTTL O.S9 

With reference to FIG. 11C for a curve showing the second 
derivatives of SAG values of an image-side surface of a rear 

Surface # 1 2 3 4 5 

k = -3.85087E--OO -229558E--OO -2.21336E--O1 -244387E--O1 2.882SOE--O1 
A4 = 4.437SOE-02 4.16058E-O2 3.341OOE-02 S.97.019E-02 3.94031E-O2 
A6 = -1.1955SE-O2 -137225E-02 -2.745O8E-04 -8.O2247E-04 6.52764E-04 
A8 = 1.3851.3E-03 4.64149E-03 -7.78169E-04 -6.25356E-O3 3.19406E-O3 
A1O = -5.63O82E-OS -394.447E-04 -6.7.8565E-04 -9.86O34E-04 6.31442E-04 

Surface # 6 10 11 12 13 

k = -6.84598E--O1 4.47433E--OO -6.53OSOE--O1 -8.927O2E--O1 -6.59334E--O1 
A4 = S.10779E-03 -7.5932OE-02 -2.66544E-O2 -4.04839E-O2 -7.87314E-O2 
A6 = 1.68297E-O2 8.15169E-03 -4.3141OE-03 156362E-O2 2.03421E-O2 
A8 = -132994E-O2 -3.66452E-03 3.56665E-04 -3.10768E-03 -2.71644E-03 
A1O = 1.38554E-O2 8.27408E-04 2.01183E-OS 1.5O119E-04 194522E-04 

With reference to Table 31 and the series of aberration 
curves as shown in FIG. 11B for the image taking optical 
system in accordance with this preferred embodiment, the 
focal length of the image taking optical system is f6.07 
(mm), and the overall aperture stop value (f-number) of the 
image taking optical system is Fno=2.81. After the optical 
data of this preferred embodiment are calculated and derived, 
the image taking optical system satisfies related relations as 
shown in Table 33 below, and the related symbols have been 
described above and thus will not be described again. 

TABLE 33 

Data of related relations of this preferred embodiment 

Relation Data 

HFOV 39.2° 
DIST -38.88% 
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group rear lens element in accordance with the eleventh pre 
ferred embodiment of the present invention, if the value of 
second derivative of SAG is equal to 0, an inflection point will 
be at that point, and the value Y (mm) represents the distance 
between the point on the aspherical curve and the optical axis. 
In this preferred embodiment, two second derivatives of SAG 
values of the image-side surface (11252) of the rear-group 
rear lens element (11250) equal to Zero are found, indicating 
that there are two inflection points between the center and the 
periphery of the optical Surface. 

According to the optical data as shown in Table 31 and the 
series of aberration curves as shown in FIG. 11B, the image 
taking optical system in accordance with this preferred 
embodiment of the present invention provides good correc 
tion results in aspects of the longitudinal spherical aberration, 
astigmatic field curving, and distortion. 

In the image taking optical system of the present invention, 
the lens element can be made of glass or plastic. If the lens 
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element is made of glass, the selection of refractive power for 
the image taking optical system can be more flexible. If the 
lens element is made of plastic, then the production cost can 
be reduced effectively. In addition, the optical surface of the 
lens element is aspheric, and the aspherical Surface can be 
easily manufactured into any shape other than those within 
the limitation of a spheric surface to have more control factors 
for eliminating aberrations, so as to reduce the number of 
lenses used and the total length of the optical lens assembly of 
the present invention. 

In the image taking optical system of the present invention, 
if the lens element has a convex surface, then the surface of 
the lens element is convex at a position near the optical axis; 
and if the lens element has a concave surface, then the Surface 
of the lens element is concave at a position near the optical 
axis. 

In the image taking optical system of the present invention, 
at least one aperture stop (not as shown in figure) Such as a 
glare stop or a field stop is provided for reducing stray lights 
to improve the image quality. 

Tables 1 to 33 show changes of values of an image taking 
in accordance with different preferred embodiments of the 
present invention respectively, and even if different values are 
used, products of the same structure are intended to be cov 
ered by the scope of the present invention. It is noteworthy to 
point out that the aforementioned description and the illus 
tration of related drawings are provided for the purpose of 
explaining the technical characteristics of the present inven 
tion, but not intended for limiting the scope of the present 
invention. 
What is claimed is: 
1. An image taking optical system, sequentially arranged 

from an object side to an image side comprising: a front lens 
group, a stop and a rear lens group: 

wherein the front lens group comprises at least one lens 
element, and the rear lens group comprises at least three 
lens elements; 

the front lens group comprises a front-group first lens ele 
ment being a meniscus lens element nearest to the object 
side and having a convex object-side Surface; and 

HFOV is half of the maximum view angle of the image 
taking optical system (unit in degree), DISTs is an opti 
cal distortion at 80% of the maximum image height (unit 
in percent), and the following relations are satisfied: 

–50%.<DIST-30%. 

2. The image taking optical system of claim 1, wherein the 
rear lens group comprises a rear-group rear lens element 
made of plastic nearest to an image plane, and at least one of 
the object-side Surface and image-side surface of the rear 
group rear lens element has at least one inflection point. 

3. The image taking optical system of claim 2, wherein the 
rear lens group at least comprises a rear-group positive glass 
lens element. 

4. The image taking optical system of claim3, wherein Rg 
is a curvature radius of the object-side surface of the rear 
group positive glass lens element, Rg is a curvature radius of 
the image-side Surface of the rear-group positive glass lens 
element, and the following relation is satisfied: 

5. The image taking optical system of claim 4, wherein a 
rear-group negative lens element is on the image side of the 
rear-group positive glass lens element; Rn is a curvature 
radius of the object-side Surface of the rear-group negative 
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46 
lens element, Rn is a curvature radius of the image-side 
Surface of the rear-group negative lens element, and the fol 
lowing relation is satisfied: 

6. The image taking optical system of claim 5, wherein the 
image-side Surface of the rear-group negative lens element 
has at least one inflection point, Tgn is an axial distance 
between the image-side Surface of the rear-group positive 
glass lens element and the object-side Surface of the rear 
group negative lens element, f is a focal length of the image 
taking optical system, and the following relation is satisfied: 

7. The image taking optical system of claim 4, wherein R. 
is a curvature radius of the image-side Surface of the rear 
group rear lens element, fis a focal length of the image taking 
optical system, and the following relation is satisfied: 

8. The image taking optical system of claim 4, wherein 
XIP is a summation of absolute values of refractive power of 
each lens element of the front lens group, XP is a Summa 
tion of absolute values of refractive power of each lens ele 
ment of the rear lens group, and the following relation is 
satisfied: 

9. The image taking optical system of claim 4, further 
comprising an image sensor at an image plane, wherein TTL 
is an axial distance from the object-side surface of the front 
group first lens element to the image plane, ImgHis half of the 
diagonal length of an effective photosensitive area of the 
image sensor, and the following relation is satisfied: 

TTL/ImgH3.8. 

10. The image taking optical system of claim3, wherein the 
rear-group rear lens element has at least two inflection points 
between the center and the periphery of the image-side Sur 
face thereof. 

11. The image taking optical system of claim 1, wherein the 
rear lens group comprises a rear-group rear lens element 
nearest to an image plane having a concave image-side Sur 
face. 

12. The image taking optical system of claim 11, wherein 
R is a curvature radius of the object-side surface of front 
group first lens element, R is a curvature radius of the image 
side Surface of the front-group first lens element, and the 
following relation is satisfied: 

13. The image taking optical system of claim 11, wherein 
R is a curvature radius of the object-side surface of front 
group first lens element, R is a curvature radius of the image 
side Surface of the front-group first lens element, and the 
following relation is satisfied: 

14. The image taking optical system of claim 12, wherein 
f is a focal length of the image taking optical system, f is a 
focal length of the front-group first lens element, and the 
following relation is satisfied: 

15. The image taking optical system of claim 12, wherein 
SL is an axial distance from the stop to the image plane, TTL 
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is an axial distance from the object-side surface of the front 
group first lens element to the image plane, and the following 
relation is satisfied: 

O.S.<SLATTL 30.9. 

16. The image taking optical system of claim 12, wherein 
f is a focal length of the front lens group, f is a focal length 
of the rear lens group, and the following relation is satisfied: 

-0.3 sf/fis0.1. 

17. An image taking optical system, sequentially arranged 
from an object side to an image side comprising: a front lens 
group, a stop and a rear lens group: 

wherein, the front lens group comprises at least one lens 
element, and the rear lens group comprise at least three 
lens elements; 

the front lens group comprises a front-group first lens ele 
ment nearest to the object side having a convex object 
side Surface and a concave image-side surface; 

the rear lens group comprises a rear-group rear lens ele 
ment nearest to an image plane having a concave image 
side surface and at least two inflection points between 
the center and the periphery of the image-side Surface 
thereof; 

f is a focal length of the image taking optical system, f is 
a focal length of the front-group first lens element, and 
the following relation is satisfied: 

18. The image taking optical system of claim 17, wherein 
X IP is a summation of absolute values of the refractive 
power of each lens element of the front lens group, XP is a 
summation of absolute values of the refractive power of each 
lens element of the rear lens group, and the following relation 
is satisfied: 

19. The image taking optical system of claim 18, wherein 
R is a curvature radius of the image-side surface of the 
rear-group rear lens element, f is a focal length of the image 
taking optical system, and the following relation is satisfied: 
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20. The image taking optical system of claim 18, wherein 

SL is an axial distance from the stop to the image plane, TTL 
is an axial distance from the object-side surface of the front 
group first lens element to the image plane, and the following 
relation is satisfied: 

21. The image taking optical system of claim 20, further 
comprising an image sensor at the image plane, wherein TTL 
is the axial distance from the object-side surface of the front 
group first lens element to the image plane, ImgHis half of the 
diagonal length of an effective photosensitive area of the 
image sensor, and the following relation is satisfied: 

TTL/ImgH3.8. 

22. The image taking optical system of claim 17, wherein 
HFOV is half of the maximum view angle of the image taking 
optical system (unit in degree), DISTs is an optical distortion 
at 80% of the maximum image height (unit in percent), and 
the following relation is satisfied: 

-10.0<tan(HFOV)/DIST-0.0. 

23. The image taking optical system of claim 22, wherein 
the rear lens group comprises a rear-group positive glass lens 
element, Rg is a curvature radius of the object-side surface of 
the rear-group positive glass lens element, Rg is a curvature 
radius of the image-side surface of the rear-group positive 
glass lens element; wherein there is a rear-group negative lens 
element on the image side of the rear-group positive lens 
element, Rn is a curvature radius of the object-side surface of 
the rear-group negative lens element, Rn is a curvature radius 
of the image-side Surface of the rear-group negative lens 
element, and the following relations are satisfied: 

24. The image taking optical system of claim 22, wherein 
f is a focal length of the front lens group, f is a focal length 
of the rear lens group, and the following relation is satisfied: 
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