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(57) ABSTRACT 

An optical lens for image pickup, sequentially arranged from 
an object side to an image side, comprising: the first lens 
element with positive refractive power having a convex 
object-side Surface, the second lens element with negative 
refractive power having a convex object-side Surface and a 
concave image-side Surface, the plastic third lens element 
with positive refractive power having a concave object-side 
Surface and a convex image-side Surface with both being 
aspheric, the plastic fourth lens element with positive refrac 
tive power having a convex object-side surface and a concave 
image-side Surface with both being aspheric. By Such 
arrangements, the optical lens for image pickup satisfies con 
ditions related to reduce the sensitivity and to shorten the total 
length for use in compact cameras and mobile phones with 
camera functionalities. 

21 Claims, 16 Drawing Sheets 
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1. 

OPTICAL LENS FOR MAGE PICKUP 

BACKGROUND OF THE INVENTION 

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

pickup, and more particularly to the optical lens for image 
pickup with a short total length and a low cost, and comprised 
of four lens elements and applied to electronic products. 

2. Description of the Related Art 
In compact electronic products such as digital still cameras 

and mobile phone cameras, an optical lens for image pickup 
is installed for capturing images of an object, and the optical 
lens for image pickup tends to be developed with a compact 
design and a low cost, while meeting the user requirements 
for high resolution and high image quality. 

In general, a conventional optical lens for image pickup of 
a compact electronic product comes with different designs, 
including the two-lens, three-lens, four-lens, and five-or 
more lens designs. If the image quality of a compact elec 
tronic product is taken into consideration, the optical lens for 
image pickup with a design of four lens elements or five lens 
elements has advantages on image aberration and modulation 
transfer function (MTF) performance, wherein the design 
with four lens element having less lenses than the design with 
five lens elements and a lower manufacturing cost is Suitable 
for electronic products having the high quality and high pixel 
requirements. 

In various optical lenses for image pickup with the four 
lens design, the prior art adopts different combinations of 
positive and negative refractive powers, wherein the first lens 
element has positive refractive power, the second lens ele 
ment has negative refractive power, the third lens element has 
positive refractive power, and the fourth lens element has 
negative refractive power as disclosed in WIPO Pat. No. 
WO2010026691 and U.S. publication and U.S. Pat. No. 
7,785,023, 2008/180813, and U.S. Pat. No. 7,755,853 to pro 
vide a better aberration correction. 

In products such as compact digital cameras, web cameras, 
and mobile phone cameras, the optical lens for image pickup 
requires a compact design, a short focal length, and a good 
aberration correction. In a design with the combination of the 
first lens element with positive refractive power, the second 
lens element with negative refractive power, the third lens 
element with positive refractive power, and the fourth lens 
element with positive refractive power, a compact require 
ment can be achieved most probably as disclosed in U.S. Pat. 
Nos. 7,443,611, 7,375,903 and 7,345,830. However, the opti 
callens for image pickup disclosed in these patents comprises 
the third lens element having a convex object side in proxim 
ity to the optical axis and turning into a concave shape at the 
edge of the lens, so that the curvature has a drastic change and 
a complicated shape, and it is relatively difficult to manufac 
ture the lenses of this sort, which is unfavorable for produc 
tion. In addition, the installation of the meniscus third lens 
element can correct the astigmatic field curving, and the 
meniscus third lens element has a shorter effective diameter 
and a greater curvature of the image-side Surface to provide 
better positive refractive power and suppress the light effec 
tively, so that there is a better flexibility for the installation 
space of the lenses. The difficulty of the cooling and defor 
mation controls during the production of thicker second lens 
element and the longer total length of the lens can be over 
come. Therefore, the present invention provides a practical 
design for shortening the optical lens for image pickup, while 
using four lenses with different refractive powers, and a com 
bination of convex and concave optical Surfaces, not only 
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2 
reducing the total length of the optical lens for image pickup, 
but also improving the image quality, reducing the manufac 
turing cost by using simple lenses, and applying the lenses for 
electronic products. 

SUMMARY OF THE INVENTION 

Therefore, it is a primary objective of the present invention 
to provide an optical lens for image pickup, sequentially 
arranged from an object side to an image side, comprising: the 
first lens element, the second lens element, the third lens 
element, and the fourth lens element, wherein the first lens 
element with positive refractive power has a convex object 
side Surface; the second lens element with negative refractive 
power has a convex object-side Surface and a concave image 
side surface; the plastic third lens element with positive 
refractive power has a concave object-side surface and a 
convex image-side Surface, and both object-side Surface and 
image-side Surface thereof being aspheric; and the plastic 
fourth lens element with positive refractive power has a con 
veX object-side Surface and a concave image-side Surface, and 
both object-side surface and image-side Surface being 
aspheric. The optical lens for image pickup satisfies the fol 
lowing relations: 

(Rs-R), (Rs--R)|<0.21; (2) 

Wherein, R is a curvature radius of the object-side surface 
of the second lens element, R is a curvature radius of the 
image-side surface of the second lens element, Rs is a curva 
ture radius of the object-side surface of the third lens element, 
R is a curvature radius of the image-side surface of the third 
lens element, and f is a focal length of the optical lens for 
image pickup. 
On the other hand, the present invention provides an optical 

lens for image pickup as described above, wherein at least one 
of the object-side Surface and the image-side Surface of the 
fourth lens element has at least one inflection point, and the 
following relations are satisfied in addition to the relations 
(1), (2) and (3): 

(5) 

O<ff-0.40; (7) 

0.2<R/f-0.5. (10) 

Wherein, R is a curvature radius of the object-side surface 
of the first lens element, R is the curvature radius of the 
object-side Surface of the second lens element, R is the 
curvature radius of the image-side Surface of the second lens 
element, R, is a curvature radius of the object-side surface of 
the fourth lens element, Rs is a curvature radius of the image 
side surface of the fourth lens element, f is the focal length of 
the optical lens for image pickup, f is a focal length of the 
second lens element, f is a focal length of the third lens 
element, T2 is an axial distance between the first lens element 
and the second lens element, T is an axial distance between 
the second lens element and the third lens element, V is an 
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Abbe number of the first lens element, and V is an Abbe 
number of the second lens element. 
On the other hand, the present invention provides an optical 

lens for image pickup, as described above, further comprises 
an image sensor at an image plane, wherein the first lens 
element has a concave image-side Surface, and at least one of 
the object-side Surface and image-side Surface of the fourth 
lens element has at least one inflection point, and one or more 
of the following relation are satisfied, in addition to the rela 
tions (1), (2), (3) and (4): 

0.5 sT2/Ts1.5; (11) 

TTL/ImgH32.1. (13) 

Wherein, T is the axial distance between the second lens 
element and the third lens element, T is an axial distance 
between the third lens element and the fourth lens element, f 
is the focal length of the optical lens for image pickup, CT is 
a central thickness of the second lens element, TTL is an axial 
distance between the object-side surface of the first lens ele 
ment and the image plane, and ImgH is half of the diagonal 
length of an effective photosensitive area of the image sensor. 

Another objective of the present invention provides an 
optical lens for image pickup, sequentially arranged from an 
object side to an image side, comprising: the first lens ele 
ment, the second lens element, the third lens element, and the 
fourth lens element; wherein the first lens element with posi 
tive refractive power has a convex object-side surface; the 
second lens element with negative refractive power has a 
convex object-side surface and concave image-side surface: 
the third lens element with positive refractive power is made 
of plastic and has a concave object-side Surface and a convex 
image-side Surface, and both object-side Surface and image 
side surface being aspheric; the fourth lens element with 
positive refractive power is made of plastic and has a convex 
object-side Surface and a concave image-side Surface, and 
both object-side surface and image-side Surface being 
aspheric; and the optical lens for image pickup satisfies the 
following relations: 

0<ff-0.40. (7) 

Wherein, R is a curvature radius of the object-side surface 
of the second lens element, R is a curvature radius of the 
image-side surface of the second lens element, R, is a curva 
ture radius of the object-side surface of the fourth lens ele 
ment, Rs is a curvature radius of the image-side surface of the 
fourth lens element, f is a focal length of the optical lens for 
image pickup, and f is a focallength of the third lens element. 
On the other hand, the present invention provides an optical 

lens for image pickup as described above, wherein at least one 
of the object-side Surface and the image-side Surface of the 
fourth lens element has at least one inflection point, and the 
optical lens for image pickup satisfies one or more of the 
following relations in addition to the relations (1), (4), (3) and 
(7): 

0.5 sT2/Ts1.5; (11) 
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(Rs-R), (Rs--R)|<0.21; (2) 

(6) 

(12) 

Wherein f is the focal length of the optical lens for image 
pickup, f is a focal length of the second lens element, f is the 
focallength of the third lens element, v is an Abbe number of 
the first lens element, V is an Abbe number of the second lens 
element, T is an axial distance between the second lens 
element and the third lens element, T is an axial distance 
between the third lens element and the fourth lens element, R. 
is the curvature radius of the object-side surface of the second 
lens element, R is the curvature radius of the image-side 
Surface of the second lens element, Rs is a curvature radius of 
the object-side surface of the third lens element, R is a 
curvature radius of the image-side surface of the third lens 
element, and CT is a central thickness of the second lens 
element near the optical axis. 

With the installation of the aforementioned first lens ele 
ment, second lens element, third lens element and fourth lens 
element with an appropriate interval apart from one another, 
the present invention can shorten the totallength of the optical 
lens for image pickup effectively, while providing a good 
aberration correction and an advantageous modulation trans 
fer function (MTF). 

In the optical lens for image pickup of the present inven 
tion, the first lens element with positive refractive power 
provides most of the refractive power required by the system 
that facilitates the reduction of the total length, and the second 
lens element with negative refractive power can correctaber 
rations produced by the lens element with positive refractive 
power effectively and correct the Petzval sum of the system to 
make the image surface on the edge flatter, and the third lens 
element and the fourth lens with positive refractive power 
element can provide the positive refractive power required by 
the system to reduce the reduce the system's sensitivity to 
errors to facilitate the manufacture. In addition, the fourth 
lens element with positive refractive power can Suppress the 
angle of the light incident into a light sensor, so that the 
incident angle will not be too large, which helps improving 
the efficiency of receiving images by the image sensor. 

In the optical lens for image pickup of the present inven 
tion, the stop is a front stop installed between an object to be 
photographed and the first lens element, or a middle stop 
installed between the first lens element and the second lens 
element in order to provide a longer distance between an exit 
pupil of the opticallens for image pickup and the image plane, 
so that the light of an image can be projected directly and then 
received by the image sensor to avoid dark corners or achieve 
the telecentric effect on the image side. In general, the tele 
centric effect can improve the brightness of the image plane 
and enhance the speed of receiving images by the CCD or 
CMOS image sensor. 

If the fourth lens element has an inflection point, the inflec 
tion point is used for guiding light of an image with an angle 
out from the edges of the third lens element, such that the light 
of an image at the off-axis view angle is guided to the image 
sensor and received by the image sensor. In addition the 
meniscus third lens element has a concave object-side Surface 
and a convex image-side Surface for correcting theastigmatic 
field curving effectively. In addition, the third lens element 
and fourth lens element are made of plastic, facilitating the 
manufacture and lowering the cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

FIG. 2A is a schematic view of an optical lens 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. 3A is a schematic view of an optical lens 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. 4A is a schematic view of an optical lens 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. 5A is a schematic view of an optical lens 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. 6A is a schematic view of an optical lens 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. 7A is a schematic view of an optical lens in accor 
dance with the seventh preferred embodiment of the present 
invention; 

FIG. 7B is a schematic view of a series of aberration curves 
of the seventh preferred embodiment of the present invention; 

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

of the eighth preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 1A for an optical lens for image 
pickup of the present invention, the optical lens for image 
pickup, sequentially arranged from an object side to an image 
side along an optical axis, comprises: the first lens element 
110, the second lens element 120, the third lens element 130 
and the fourth lens element 140, wherein the first lens element 
110 with positive refractive power has a convex object-side 
surface 111; the second lens element 120 with negative 
refractive power has a convex object-side surface 121 and a 
concave image-side Surface 122; the plastic third lens element 
130 with positive refractive power has a concave object-side 
surface 131 and a convex image-side surface 132, and both 
object-side surface 131 and image-side surface 132 are 
aspheric; and the plastic fourth lens element 140 with positive 
refractive power has a convex object-side surface 141 and a 
concave image-side Surface 142, and both object-side Surface 
141 and image-side Surface 142 thereofare aspheric; and the 
optical lens for image pickup further comprises a stop, which 
can be an aperture stop 100 and an IR-filter 160, wherein the 
aperture stop 100 is a middle aperture stop installed between 
the first lens element 110 and the second lens element 120; the 
IR-filter 160 is installed between the fourth lens element 140 
and the image plane 170 and generally made of panel glass 
without affecting the focal length f of the optical lens for 
image pickup of the present invention. The optical lens for 
image pickup further comprises an image sensor 180 at an 
image plane 170 for imaging an object to be photographed. 
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6 
The first lens element 110, second lens element 120, third lens 
element 130 and fourth lens element 140 have aspherical 
Surfaces, and comply with the aspherical Surface formula as 
given in Equation (15). 

(15) 

Wherein, X is the relative height from a point on the spheri 
cal surface with a distance Y between the optical axis and a 
tangent plane at the tip of the optical axis of the spherical 
Surface; 
Y is the distance between a point on the curve of the 

spherical Surface and the optical axis; 
R is the curvature radius; 
K is the conic coefficient; and 
A, is the i' level aspherical surface coefficient. 
In the optical lens for image pickup of the present inven 

tion, the first lens element 110, second lens element 120, third 
lens element 130 and fourth lens element 140 can be spherical 
or aspherical Surfaces, and if aspherical optical Surfaces are 
adopted, then curvature radius of the optical Surface can be 
used for changing the refractive power to reduce or eliminate 
aberrations, so as to decrease the number of lens elements 
used in the optical lens for image pickup, and shorten the total 
length of the optical lens for image pickup effectively. With 
the installation of the first lens element 110, second lens 
element 120, third lens element 130 and fourth lens element 
140, the optical lens for image pickup of the present invention 
satisfies the relations (1), (2) and (3). 

In the optical lens for image pickup of the present inven 
tion, the second lens element 120 provides the main negative 
refractive power, and if the relation (3) is satisfied, the image 
side Surface 122 has a more appropriate curvature radius for 
improving the aberration correction ability. If the relation (1) 
is satisfied, the curvature of the object-side surface 121 and 
the image-side surface 122 of the second lens element 120 can 
limit the change of the shape of the second lens element 120 
to facilitate the manufacture and lower the cost. Similarly, if 
the curvature of the third lens element 130 satisfies the rela 
tion (2), the change of the shape of the third lens element 130 
can be limited to a condition of being not too large to facilitate 
the manufacture and lower the cost. If the curvature of the 
fourth lens element 140 satisfies the relation (4), the shape can 
be controlled to adjust the refractive power of the fourth lens 
element 140 appropriately to reduce the system's sensitivity 
to errors and facilitate the manufacture and lower the cost. 

In the optical lens for image pickup of the present inven 
tion, if the relations (7) and (8) are satisfied, wherein f is the 
focal length of the optical lens for image pickup, f is the focal 
length of the second lens element 120, f is the focal length of 
the third lens element 130, and appropriate refractive powers 
are allocated in the optical lens for image pickup, the refrac 
tive powers required by the second lens element 120 and the 
third lens element 130 can correct the system aberration and 
reduce the system's sensitivity to errors. 

If the relations (9) and (11) are satisfied, the distance 
between the first lens element 110 and the fourth lens element 
140 can be limited to set the optical lens for image pickup to 
an appropriate length. Similarly, if the relation (12) is satis 
fied, the focal length of the optical lens for image pickup per 
unit length can adjust the central thickness CT of the second 
lens element 120 to reduce the total length of the optical lens 
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for image pickup and provide an appropriate thickness of the 
second lens element 120, so as to improve the yield rate of the 
lenses. If the relation (13) is satisfied, the total length of the 
optical lens for image pickup can be reduced effectively. Such 
that a larger effective pixel range of the image sensor 180 can 
be achieved in the same total length to facilitate adjusting the 
total length of the system appropriately. 

If the relations (5) and (14) are satisfied, the difference 
between the Abbe number V of the first lens element 110 and 
the Abbe number V of the second lens element 120 falls 
within an appropriate range to correct the chromic aberration 
produced by the first lens element 110 and the second lens 
element 120 and improve the chromic aberration correction 
ability of the second lens element 120. If the relation (10) is 
satisfied, the shape of the object-side surface 111 of the first 
lens element 110 can provide appropriate positive refractive 
power to the system, and achieve a good result of reducing the 
total length of the system. 

The optical lens for image pickup of the present invention 
is described by means of preferred embodiments with rel 
evant drawings as follows. 

First Preferred Embodiment 

With reference to FIGS 1A and 1B for a schematic view 
and a series of aberration curves of an optical lens for image 
pickup in accordance with the first preferred embodiment of 
the present invention respectively, the optical lens for image 
pickup of this preferred embodiment comprises four lens 

Surface # 

1 2 

Note: 
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8 
elements, a stop and an IR-filter 160. More specifically, the 
stop can be an aperture stop 100, and the optical lens for 
image pickup, sequentially arranged from an object side to an 
image side along an optical axis, comprises: a plastic first lens 
element 110 with positive refractive power, having a convex 
object-side Surface 111 and a concave image-side Surface 
112, and both object-side surface 111 and image-side surface 
112 thereof being aspheric; an aperture stop 100; a plastic 
second lens element 120 with negative refractive power, hav 
ing a convex object-side Surface 121 and a concave image 
side surface 122, and both object-side surface 121 and image 
side surface 122 thereof being aspheric; a plastic third lens 
element 130 with positive refractive power, having a concave 
object-side surface 131 and a convex image-side surface 132, 
and both object-side surface 131 and image-side surface 132 
thereof being aspheric; a plastic fourth lens element 140 with 
positive refractive power, having a convex object-side Surface 
141 and a concave image-side Surface 142, and both object 
side surface 141 and image-side surface 142 thereof being 
aspheric, and at least one of the object-side surface 141 and 
the image-side Surface 142 having at least one inflection 
point; a glass IR-filter 160, being made of a panel glass for 
adjusting a wavelength section of the light of animage; and an 
image sensor 180 at an image plane 170. With the combina 
tion of the four lens elements, the aperture stop 100 and the 
IR-filter 160, an image of the object to be photographed can 
be formed at the image sensor 180. 

TABLE 1 

Optical data of this preferred embodiment 
f = 3.46 mm, Fno = 2.85, HFOV = 33.1 deg. 

Focal 

Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 

1.264190 (ASP) 0.491 Plastic S44 55.9 2.34 

120.243100 (ASP) O.O14 
Plano O.O2S 

2.960060 (ASP) 0.230 Plastic 634 23.8 -3.45 

1.220770 (ASP) 0.573 
–2.25O110 (ASP) 0.490 Plastic S44 55.9 13.17 

-1.843720 (ASP) O.S61 
1.395250 (ASP) 0.620 Plastic 535 56.3 101.56 

1.210370 (ASP) O.6OO 
Plano 0.300 Glass 516 64.1 

Plano O.286 

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 
Table 1, wherein the object-side surface and the image-side 
surface of the first lens element 110 to the fourth lens element 
140 comply with the aspherical surface formula as given in 

10 
Second Preferred Embodiment 

With reference to FIGS 2A and 2B for a schematic view 
and a series of aberration curves of an optical lens for image 

Equation (15), and their aspheric coefficients are listed in 5 pickup in accordance with the second preferred embodiment 
Table 2 as follows: of the present invention respectively, the optical lens for 

TABLE 2 

Aspheric coefficients of this preferred embodiment 

Surface # 

1 2 4 5 6 7 8 9 

k = 7.82987E-O2 -9.OOOOOE--O1 -541536E--O1 1.265OOE-00 -2.9168OE-00 -8.67362E-17 -5.05901E--OO -3.86689E-00 

A4 = 2.6106SE-O2 6.78884E-O2 9.31128E-O2 -2.5932OE-O1 -2.54378E-O1 -3.4346OE-O1 -2.29723E-O1 -153736E-O1 
A6 = S.82O74E-O2 130933E-O1 -3.06327E-O1 24718OE-O1 133068E-O1 3.81.332E-O1 1.04423E-O1 6.815 14E-O2 

A8 = -3.10968E-O2 -3.17567E-O1 4.5048OE-01 -5.431.26E-O1 -29O132E-O1 -4.31906E-O1 -2.14275E-02 -2.56O22E-O2 
A1O = 1.S6738E-O1 1.29058E-O1 -9.63772E-O1 2.06125E-01 2.47359E-01 2.20149E-O1 4.59681E-04 6.33113E-03 

A12 = -3.20713E-O1 2.32524E-O1 7.07566E-04 -9.76275E-04 

A14 = -9.328SOE-OS 7.64832E-OS 

25 
With reference to Table 1 and FIG. 1B for the optical lens 

for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f 3.46 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.85, the half of maximum view angle is 
HFOV=33.1°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions 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 Relation Data 

v - V2 32.1 (R-R), (R, +R) O42 

(CT/f) * 10 O.66 (Rs - Rs) (Rs + R) O.10 
T12/T23 O.O7 (R7 - Rs) (R, + Rs) O.O7 
T23T34 1.02 fif O.26 

R/f 0.37 |fi/f O.26 

R/f O.35 TTL/ImgH 18O 

According to the optical data as shown in Table 1 and the 
aberration curves as shown in FIG. 1B, the optical lens for 
image pickup in accordance with this preferred embodiment 
of the present invention provides good correction results in 
aspects of the longitudinal spherical aberration, astigmatic 
field curving, and distortion. 

30 
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image pickup of this preferred embodiment comprises four 
lens elements, an aperture stop 200 and an IR-filter 260. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 
axis, comprises: a plastic first lens element 210 with positive 
refractive power, having a convex object-side Surface 211 and 
a convex image-side Surface 212, and both object-side Surface 
211 and image-side Surface 212 thereof being aspheric; an 
aperture stop 200; a plastic second lens element 220 with 
negative refractive power, having a convex object-side Sur 
face 221 and a concave image-side Surface 222, and both 
object-side surface 221 and image-side surface 222 thereof 
being aspheric; a plastic third lens element 230 with positive 
refractive power, having a concave object-side Surface 231 
and a convex image-side surface 232, and both object-side 
surface 231 and image-side surface 232 thereof being 
aspheric; a plastic fourth lens element 240 with positive 
refractive power, having a convex object-side Surface 241 and 
a concave image-side Surface 242, and both object-side Sur 
face 241 and image-side Surface 242 thereof being aspheric, 
and at least one of the object-side Surface 241 and the image 
side Surface 242 having at least one inflection point; a glass 
IR-filter 260, being made of a panel glass for adjusting a 
wavelength section of the light of an image; and an image 
sensor 280 at an image plane 270. With the combination of the 
four lens elements, the aperture stop 200 and the IR-filter 260, 
an image of the object to be photographed can be formed at 
the image sensor 280. 
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TABLE 4 

12 

Optical data of this preferred embodiment 
f = 3.90 mm. Fino = 2.80. HFOV = 30.1 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1.252630 O.S4S Plastic 1.544 SS.9 2.30 

(ASP) 
2 -8O2.4386.00 O.040 

(ASP) 
3 Ape. Stop Plano O.O09 
4 Lens 2 3.58.1200 0.244 Plastic 1.634 23.8 -3.32 

(ASP) 
5 1.291490 O.912 

(ASP) 
6 Lens 3 -1178.490 0.474 Plastic 1.544 55.9 16.10 

(ASP) 
7 -118598O O.208 

(ASP) 
8 Lens 4 2.262390 O.822 Plastic 1.53S 56.3 113.05 

(ASP) 
9 2.OS2880 O.7OO 

(ASP) 
10 IR-filter Plano 0.300 Glass 1516 64.1 
11 Plano O.353 
12 Image Plano 

Note: 

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

The optical data of this preferred embodiment are listed in 240 comply with the aspherical Surface formula as given in 
Table 4, wherein the object-side surface and the image-side 30 Equation (15), and their aspheric coefficients are listed in 
surface of the first lens element 210 to the fourth lens element Table 5 as follows: 

TABLE 5 

Aspheric coefficients of this preferred embodiment 

Surface # 

: 1.1263OE-O1 -9.OOOOOE--O1 -4.74807E--O1 1.35881E--OO 

A4 = 140822E-O2 1.1598OE-01 8.98.96SE-O2 -152792E-O1 

A6 = 4.63O13E-O2 -190874E-O1 -359422E-O1 4.4504OE-02 

A8 = -5.44994E-O2 4.081 06E-O1 6.43161E-O1 -1.1816OE-O1 

A1O = 1.24OO1E-O1 -4.23253E-O1 -8.33351E-O1 1.0257SE-O1 

A12 = -3.12074E-O1 

Surface # 

6 7 8 9 

: -4.99634E--OO -2.OOOOOE-O2 -2.12128E--01 -138235E--OO 

A4 = -418192E-O1 -2.05978E-O1 -1.19587E-O1 -1.71564E-O1 

A6 = 8.2473OE-02 2.8.1896E-O1 7.94066E-O2 6.798.44E-O2 

A8 = -143683E-O1 -3.08773E-O1 -2.30659E-02 -2.397O3E-O2 

A1O = 185547E-O1 194282E-O1 9.42736E-04 6.058.16E-03 

A12 = 1.19482E-O1 7.878.33E-04 -1.00568E-03 

A14 = -1.07245E-04 7.74255E-05 
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With reference to Table 4 and FIG.2B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.90 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.80, the half of maximum view angle is 
HFOV=30.1°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions as shown in Table 6 below, and the related 
symbols have been described above and thus will not be 

14 
Third Preferred Embodiment 

With reference to FIGS 3A and 3B for a schematic view 
and a series of aberration curves of an optical lens for image 
pickup in accordance with the third preferred embodiment of 
the present invention respectively, the optical lens for image 
pickup of this preferred embodiment comprises four lens 
elements, an aperture stop 300 and an IR-filter 360. More 
specifically, the optical lens for image pickup, sequentially 

described again. 10 arranged from al object side to an image side along al optical 
axis, comprises: a plastic first lens element 310 with positive 
refractive power, having a convex object-side surface 311 and TABLE 6 a concave image-side Surface 312, and both object-side Sur 
face 311 and image-side surface 312 thereof being aspheric; 

Data of related relations of this preferred embodiment 15 an aperture stop 300; a plastic second lens element 320 with 
negative refractive power, having a convex object-side Sur 

Relation Data Relation Data face 321 and a concave image-side surface 322, and both 
object-side surface 321 and image-side surface 322 thereof 

f being aspheric; a plastic third lens element 330 with positive 
v - V2 32.1 (R-R), (R, +R) O.47 20 refractive power, having a concave object-side surface 331 
(CT/f) * 10 O.63 (Rs - Rs) (Rs + R) O.OO and a convex image-side surface 332, and both object-side 
T12/T23 O.OS (R7 - Rs) (R, + Rs) O.OS surface 331 and image-side surface 332 thereof being 
T23T34 4.38 fif O.24 aspheric; a plastic fourth lens element 340 with positive 
Rif O.32 refractive power, having a convex object-side Surface 341 and |f|ff O.21 

25 a concave image-side Surface 342, and both object-side Sur 
R/f O.33 TTL/ImgH 1.99 face 341 and image-side surface 342 thereof being aspheric, 

and at least one of the object-side Surface 341 and the image 
side Surface 342 having at least one inflection point; a glass 

According to the optical data as shown in Table 4 and the IR-filter 360, being made of a panel glass for adjusting a 
aberration curves as shown in FIG. 2B, the optical lens for 30 wavelength section of the light of an image; and an image 
image pickup in accordance with this preferred embodiment sensor 380 at an image plane 370. With the combination of the 
of the present invention provides good correction results in four lens elements, the aperture stop 300 and the IR-filter 360, 
aspects of the longitudinal spherical aberration, astigmatic an image of the object to be photographed can be formed at 
field curving, and distortion. the image sensor 380. 

TABLE 7 

Optical data of this preferred embodiment 
f = 3.38 mm, Fno = 2.90, HFOV = 34.0 deg. 

Focal 

Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 

1 Lens 1 1.325.890 (ASP) 0.461 Plastic 1.544 55.9 2.65 

2 14.275000 (ASP) O.OSO 
3 Ape. Stop Plano O.O2O 

4 Lens 2 2.413980 (ASP) 0.230 Plastic 1.650 21.4 -4.44 

5 1.265240 (ASP) O544 

6 Lens 3 –2.264850 (ASP) O.S12 Plastic 1.544 SS.9 15.32 

7 -1922790 (ASP) O.S21 

8 Lens 4 1.261510 (ASP) O.632 Plastic 1.53S 56.3 34.13 

9 1.118700 (ASP) O.6OO 
10 R-filter Plano 0.300 Glass 516 64.1 

11 Plano O.303 

12 mage Plano 

Note: 

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 
Table 7, wherein the object-side surface and the image-side 
surface of the first lens element 310 to the fourth lens element 
340 comply with the aspherical surface formula as given in 
Equation (15), and their aspheric coefficients are listed in 
Table 8 as follows: 

TABLE 8 

Aspheric coefficients of this preferred embodiment 

5 

16 
pickup in accordance with the fourth preferred embodiment 
of the present invention respectively, the optical lens for 
image pickup of this preferred embodiment comprises four 
lens elements, an aperture stop 400 and an IR-filter 460. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 

Surface # 

1 2 4 5 

: -106828E-O2 -3.4O769E--O1 -3.26928E--O1 1.63897E--OO 

A4 = 2.23769E-02 -3.488O8E-O2 7.72565E-02 -2.52437E-O1 
A6 = 2.2737SE-O2 2.724.96E-O1 -2.2290SE-O1 2.24639E-01 
A8 = 4.35646E-O2 -54938OE-O1 3.81232E-O1 -6.894.45E-01 
A1O = -1562O8E-O2 3.64034E-O1 -7.20717E-O1 7.42416E-O1 
A12 = -1.27804E--OO 

Surface # 

6 7 8 9 

k = -2.35841E--OO -3.58077E-O2 -5.00438E--OO -3.97936E--OO 
A4 = -2.631.79E-01 -4.06146E-01 -2.37944E-O1 -1507 S2E-O1 
A6 = 139406E-O1 4.786.63E-O1 1.08376E-O1 6.63485E-02 
A8 = -3.3401(OE-O1 -5.43624E-O1 -2.13673E-O2 -2.53286E-O2 
A1O = 182712E-O1 26.2151E-O1 2.89959E-04 6.396O4E-O3 
A12 = 4.12O67E-O1 6.69087E-04 -100129E-03 
A14 = -8.17958E-OS 7.79899E-OS 

With reference to Table 7 and FIG. 3B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.38 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.90, the half of maximum view angle is 
HFOV=34.0°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions 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 Relation Data 

v - V2 34.5 (R-R), (R, +R) O.31 
(CT/f) * 10 O.68 |(Rs-R)/(Rs +R)| O.08 
T12/T23 O.13 (R7 - Rs) (R, + Rs) O.O6 
T23T34 1.04 fif O.22 
Riff O.39 |f|ff O.29 
R/f 0.37 TTL/ImgH 18O 

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

Fourth Preferred Embodiment 

With reference to FIGS. 4A and 4B for a schematic view 
and a series of aberration curves of an optical lens for image 
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axis, comprises: a plastic first lens element 410 with positive 
refractive power, having a convex object-side Surface 411 and 
a convex image-side Surface 412, and both object-side Surface 
411 and image-side Surface 412 thereof being aspheric; an 
aperture stop 400; a plastic second lens element 420 with 
negative refractive power, having a convex object-side Sur 
face 421 and a concave image-side Surface 422, and both 
object-side surface 421 and image-side surface 422 thereof 
being aspheric; a plastic third lens element 430 with positive 
refractive power, having a concave object-side Surface 431 
and a convex image-side surface 432, and both object-side 
surface 431 and image-side surface 432 thereof being 
aspheric; a plastic fourth lens element 440 with positive 
refractive power, having a convex object-side Surface 441 and 
a concave image-side Surface 442, and both object-side Sur 
face 441 and image-side Surface 442 thereof being aspheric, 
and at least one of the object-side Surface 441 and the image 
side Surface 442 having at least one inflection point; a glass 
IR-filter 460, being made of a panel glass for adjusting a 
wavelength section of the light of an image; and an image 
sensor 480 at an image plane 470. With the combination of the 
four lens elements, the aperture stop 400 and the IR-filter 460, 
an image of the object to be photographed can be formed at 
the image sensor 480. 
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TABLE 10 

Optical data of this preferred embodiment 
f = 3.33 mm. Fino = 2.90. HFOV = 34.5 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Lens 1 1.451360 (ASP) 0.438 Plastic 1.544 55.9 2.58 
2 –38.610000 (ASP) O.OO)4 
3 Ape. Stop Plano 0.077 
4 Lens 2 2.646890 (ASP) 0.230 Plastic 1.650 21.4 -4.36 
5 1.321460 (ASP) 0.527 
6 Lens 3 -2.147130 (ASP) 0.488 Plastic 1.544 55.9 16.42 
7 -1.869780 (ASP) O541 
8 Lens 4 1.152470 (ASP) 0.590 Plastic 1.535 56.3 33.08 
9 1.012950 (ASP) O600 
10 IR-filter Plano 0.300 Glass 1516 64.1 
11 Plano 0.327 
12 Image Plano 

Note: 

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

The optical data of this preferred embodiment are listed in 440 comply with the aspherical Surface formula as given in 
Table 10, wherein the object-side surface and the image-side Equation (15), and their aspheric coefficients are listed in 
surface of the first lens element 410 to the fourth lens element Table 11 as follows: 

TABLE 11 

Aspheric coefficients of this preferred embodiment 

Surface # 

1 2 4 5 

k = -3.67979E-01 -7.03192E--O1 -35998OE--O1 190425E--OO 

A4 = 6.94373E-03 -7.6277SE-O2 6.O3O8OE-02 -2.44677E-O1 

A6 = -4.72389E-O2 2.39718E-O1 -164776E-O2 3.17974E-O1 

A8 = 1.14364E-O1 -7.12219E-O1 -1.4161OE-02 -9.42666E-O1 

A1O = -280084E-O1 S.21979E-01 -1.61531E-O1 1.40655E--OO 

A12 = -1964.82E--OO 

Surface # 

6 7 8 9 

k = -1636O3E--OO -5.1997OE-04 -4.71886E--OO -3.93956E--OO 

A4 = -3.11333E-O1 -4.591O8E-O1 -2.45437E-O1 -152632E-O1 

A6 = 1.9551OE-01 6.OS835E-01 11192OE-O1 6.81965E-02 

A8 = -461335E-O1 -7.600.33E-O1 -2.13107E-O2 -2.57787E-O2 

A1O = 1.34454E-O1 4.O3991E-O1 141859E-04 6.4.8915E-03 

A12 = 7.96772E-O1 6.38335E-04 -101321E-03 

A14 = -7.21936E-OS 7.8463OE-OS 
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With reference to Table 10 and FIG. 4B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.33 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.90, the half of maximum view angle is 
HFOV=34.5°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions 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 Relation Data 

34.5 
O.69 
O.15 
0.97 
0.44 
O40 

According to the optical data as shown in Table 10 and the 
aberration curves as shown in FIG. 4B, the optical lens for 
image pickup in accordance with this preferred embodiment 
of the present invention provides good correction 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 
and a series of aberration curves of an optical lens for image 
pickup in accordance with the fifth preferred embodiment of 

Surface # 

10 

11 

12 

Note: 

10 

15 
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Lens 3 

Lens 4 

R-filter 

mage 

20 
the present invention respectively, the optical lens for image 
pickup of this preferred embodiment comprises four lens 
elements, an aperture stop 500 and an IR-filter 560. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 
axis, comprises: a plastic first lens element 510 with positive 
refractive power, having a convex object-side surface 511 and 
a convex image-side Surface512, and both object-side Surface 
511 and image-side surface 512 thereof being aspheric; an 
aperture stop 500; a plastic second lens element 520 with 
negative refractive power, having a convex object-side Sur 
face 521 and a concave image-side surface 522, and both 
object-side surface 521 and image-side surface 522 thereof 
being aspheric; a plastic third lens element 530 with positive 
refractive power, having a concave object-side surface 531 
and a convex image-side surface 532, and both object-side 
surface 531 and image-side surface 532 thereof being 
aspheric; a plastic fourth lens element 540 with positive 
refractive power, having a convex object-side surface 541 and 
a concave image-side Surface 542, and both object-side Sur 
face 541 and image-side surface 542 thereof being aspheric, 
and at least one of the object-side surface 541 and the image 
side Surface 542 having at least one inflection point; a glass 
IR-filter 560, being made of a panel glass for adjusting a 
wavelength section of the light of an image; and an image 
sensor 580 at an image plane 570. With the combination of the 
four lens elements, the aperture stop 500 and the IR-filter 560, 
an image of the object to be photographed can be formed at 
the image sensor 580. 

TABLE 13 

Optical data of this preferred embodiment 
f = 3.13 mm, Fno = 2.92, HFOV = 36.1 deg. 

Focal 

Curvature Radius Thickness Material Index Abbe # Length 

Plano Infinity 

1.504790 (ASP) 0.392 Plastic S44 55.9 2.54 

-15.463300 (ASP) O.OOO 
Plano O.095 

3.002200 (ASP) 0.230 Plastic 650 21.4 -4.33 

1.407730 (ASP) O.498 
-2.016070 (ASP) 0.518 Plastic S44 55.9 12.20 

-1.686360 (ASP) O.SO4 
0.898.130 (ASP) 0.461 Plastic 535 56.3 29.08 

0.782760 (ASP) O.7OO 
Plano 0.300 Glass 516 64.1 

Plano O.272 

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 
Table 13, wherein the object-side surface and the image-side 
surface of the first lens element 510 to the fourth lens element 
540 comply with the aspherical surface formula as given in 

22 
Sixth Preferred Embodiment 

With reference to FIGS. 6A and 6B for a schematic view 
and a series of aberration curves of an optical lens for image 

Equation (15), and their aspheric coefficients are listed in 5 pickup in accordance with the sixth preferred embodiment of 
Table 14 as follows: 

TABLE 1.4 

Aspheric coefficients of this preferred embodiment 

the present invention respectively, the optical lens for image 

Surface # 

1 2 4 5 

: -5.77288E-O1 -771819E--O1 -2.07SS2E--O1 2.52S29E--OO 
A4 = -2.866OSE-O3 -484015E-02 1.7087OE-02 -1.84.313E-O1 
A6 = -7.40912E-O2 -2.0490SE-O2 1244O1E-O2 180O39E-01 
A8 = 108651E-O1 -465126E-O1 -2.16253E-O1 -106982E--OO 
A1O = -533183E-O1 3.69782E-O1 1.59852E-O1 2.16711E--OO 
A12 = -3.10136E--OO 

Surface # 

6 7 8 9 

: -101966E--OO -1.70971E-03 -416589E--OO -3.65374E--OO 
A4 = -2.76894E-O1 -4.92814E-O1 -2.62394E-O1 -16566OE-O1 
A6 = 1.70832E-O1 7.62946E-O1 1.15773E-O1 7.15984E-O2 
A8 = -5.55414E-O1 -9.98371E-O1 -2.1OO67E-O2 -2.6O721E-O2 
A1O = 2.84243E-O1 S.2791SE-O1 2.548S2E-OS 6.44296E-O3 
A12 = 8.72O22E-O1 6.07347E-04 -1.04292E-O3 
A14 = -6.41574E-05 8.93790E-OS 

30 

With reference to Table 13 and FIG. 5B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.13 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno–2.92, the half of maximum view angle is 
HFOV=36.1°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions as shown in Table 15 below, and the related 
symbols have been described above and thus will not be 
described again. 

TABLE 1.5 

Data of related relations of this preferred embodiment 

Relation Data Relation Data 

v - V2 34.5 (R-R), (R, +R) O.36 

(CT/f) * 10 0.73 (Rs - Rs) (Rs + R) O.09 
T12/T23 O.19 (R7 - Rs) (R, + Rs) O.O7 
T23T34 O.99 fif O.26 

Riff O.48 |f|ff O.36 

R/f O.45 TTL/ImgH 1.71 

According to the optical data as shown in Table 13 and the 
aberration curves as shown in FIG. 5B, the optical lens for 
image pickup in accordance with this preferred embodiment 
of the present invention provides good correction results in 
aspects of the longitudinal spherical aberration, astigmatic 
field curving, and distortion. 
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pickup of this preferred embodiment comprises four lens 
elements, an aperture stop 600 and an IR-filter 660. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 
axis, comprises: an aperture stop 600; a plastic first lens 
element 610 with positive refractive power, having a convex 
object-side surface 611 and a convex image-side Surface 612. 
and both object-side surface 611 and image-side surface 612 
thereof being aspheric; a plastic second lens element 620 with 
negative refractive power, having a convex object-side Sur 
face 621 and a concave image-side Surface 622, and both 
object-side surface 621 and image-side surface 622 thereof 
being aspheric; a plastic third lens element 630 with positive 
refractive power, having a concave object-side surface 631 
and a convex image-side surface 632, and both object-side 
surface 631 and image-side surface 632 thereof being 
aspheric; a plastic fourth lens element 640 with positive 
refractive power, having a convex object-side Surface 641 and 
a concave image-side Surface 642, and both object-side Sur 
face 641 and image-side Surface 642 thereof being aspheric, 
and at least one of the object-side Surface 641 and the image 
side Surface 642 having at least one inflection point; a glass 
IR-filter 660, being made of a panel glass for adjusting a 
wavelength section of the light of an image; and an image 
sensor 680 at an image plane 670. With the combination of the 
four lens elements, the aperture stop 600 and the IR-filter 660, 
an image of the object to be photographed can be formed at 
the image sensor 680. 
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TABLE 16 

Optical data of this preferred embodiment 
f = 3.52 mm, Fno = 3.10. HFOV = 30.1 deg. 

Focal 
Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 
1 Ape. Stop Plano O.O3O 
2 Lens 1 1.269040 (ASP) 0.542 Plastic 1.544 55.9 2.20 
3 -17.65.4900 (ASP) O.043 
4 Lens 2 4.209000 (ASP) 0.262 Plastic 1634 23.8 -3.21 
5 1.338070 (ASP) O.827 
6 Lens 3 -1.156260 (ASP) 0.462 Plastic 1.544 55.9 15.57 
7 -1. 160640 (ASP) O.O73 
8 Lens 4 1907350 (ASP) 0.848 Plastic 1.535 56.3 48.28 
9 1.740550 (ASP) O600 
10 IR-filter Plano 0.300 Glass 1516 64.1 
11 Plano O.342 
12 Image Plano 

Note: 

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

The optical data of this preferred embodiment are listed in 640 comply with the aspherical surface formula as given in 
Table 16, wherein the object-side surface and the image-side Equation (15), and their aspheric coefficients are listed in 
surface of the first lens element 610 to the fourth lens element Table 17 as follows: 

TABLE 17 

Aspheric coefficients of this preferred embodiment 

Surface # 

2 3 4 5 

k = 1.08487E-O1 1.0916OE--O1 -6.86.181E--O1 139208E--OO 

A4 = 1.23667E-O2 1.255.63E-O1 7.816SSE-O2 -166858E-O1 

A6 = S.O23S4E-O2 -1686.18E-O1 -371282E-O1 2.9266OE-O2 

A8 = -4.22649E-O2 3.35539E-01 6.823.79E-01 -1.12341E-01 

A1O = 7.SSS68E-O2 -5.O1309E-O1 -9.28099E-01 1.12411E-O1 

A12 = -199796E-O1 

Surface # 

6 7 8 9 

k = -6.63866E--OO -2.OOOOOE-O2 -1.73669E--O1 -2.97618E--OO 

A4 = -3.91677E-O1 -1.67689E-O1 -1.13032E-O1 -161659E-01 

A6 = 1.06669E-01 2.936.87E-O1 7.956.13E-O2 6.88713E-O2 

A8 = -150341E-O1 -3.05916E-O1 -2.31699E-02 -241566E-O2 

A1O = 1.255.24E-O1 1.9S476E-O1 8.978.48E-04 6.0128SE-03 

A12 = 6.54579E-02 7.81834E-04 -10077SE-O3 

A14 = -1.0490OE-04 7.8464.3E-OS 
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With reference to Table 16 and FIG. 6B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.52 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=3.10, the half of maximum view angle is 
HFOV=30.1°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions as shown in Table 18 below, and the related 
symbols have been described above and thus will not be 

26 
pickup in accordance with the seventh preferred embodiment 
of the present invention respectively, the optical lens for 
image pickup of this preferred embodiment comprises four 
lens elements, an aperture stop 700 and an IR-filter 760. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 
axis, comprises: a plastic first lens element 710 with positive 
refractive power, having a convex object-side surface 711 and 

described again. 10 a concave image-side Surface 712, and both object-side Sur 
face 711 and image-side surface 712 thereof being aspheric; 

TABLE 18 an aperture stop 700; a plastic second lens element 720 with 
- negative refractive power, having a convex object-side Sur 

face 721 and a concave image-side surface 722, and both 
Relation Data Relation Data 15 object-side surface 721 and image-side surface 722 thereof 
v - V2 32.1 (R-R), (R, +R) O.S2 being aspheric; a plastic third lens element 730 with positive 
(CT/f) * 10 O.74 (Rs - Rs) (Rs + R) O.OO refractive power, having a concave object-side surface 731 
T12/T23 O.OS (R7 - Rs) (R, + Rs) O.OS T23T34 11.33 fif O.23 and a convex image-side surface 732, and both object-side 
Riff O.36 |f|ff O.21 20 surface 731 and image-side surface 732 thereof being 
R/f 0.38 TTL/ImgH 2.06 aspheric; a plastic fourth lens element 740 with positive 

refractive power, having a convex object-side surface 741 and 
According to the optical data as shown in Table 16 and the a concave image-side Surface 742, and both object-side Sur 

aberration curves as shown in FIG. 6B, the optical lens for face 741 and image-side surface 742 thereof being aspheric, 
image pickup in accordance with this preferred embodiment and at least one of the object-side surface 741 and the image 
of the present invention provides good correction results in side Surface 742 having at least one inflection point; a glass 
aspects of the longitudinal spherical aberration, astigmatic IR-filter 760, being made of a panel glass for adjusting a 
field curving, and distortion. wavelength section of the light of an image; and an image 

Seventh Preferred Embodiment 30 sensor 780 at an image plane 770. With the combination of the 
four lens elements, the aperture stop 700 and the IR-filter 760, 

With reference to FIGS. 7A and 7B for a schematic view an image of the object to be photographed can be formed at 
and a series of aberration curves of an optical lens for image the image sensor 780. 

TABLE 19 

Optical data of this preferred embodiment 
f = 3.42 mm, Fno = 2.87, HFOV = 33.3 deg. 

Focal 

Surface # Curvature Radius Thickness Material Index Abbe # Length 

O Object Plano Infinity 

1 Lens 1 1.267150 (ASP) 0.494 Plastic 1.544 55.9 2.56 

2 12.123900 (ASP) O.040 

3 Ape. Stop Plano O.OO1 

4 Lens 2 2.338050 (ASP) 0.230 Plastic 1.650 21.4 -4.25 

5 1.216840 (ASP) 0.577 

6 Lens 3 -2.119960 (ASP) O.S.09 Plastic 1.544 SS.9 27.82 

7 -2.016900 (ASP) O.490 

8 Lens 4 1.299860 (ASP) 0.667 Plastic 1.53S 56.3 19.15 

9 1.222780 (ASP) O.7OO 
10 IR-filter Plano 0.300 Glass 1.516 64.1 

11 Plano O.190 

12 Image Plano 

Note: 

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 
Table 19, wherein the object-side surface and the image-side 
surface of the first lens element 710 to the fourth lens element 
740 comply with the aspherical surface formula as given in 

28 
Eighth Preferred Embodiment 

With reference to FIGS. 8A and 8B for a schematic view 
and a series of aberration curves of an optical lens for image 

Equation (15), and their aspheric coefficients are listed in 5 pickup in accordance with the eighth preferred embodiment 
Table 20 as follows: 

TABLE 20 

Aspheric coefficients of this preferred embodiment 

Surface # 

1 2 4 5 

: 4.586O4E-O2 -9.OOOOOE--O1 -2.99746E--O1 1.SS37SE-OO 
A4 = 2.63S3OE-02 154046E-O2 1.09842E-O1 -2.46683E-O1 
A6 = S.69786E-O2 2.51590E-O1 -2.973.33E-O1 140807E-O1 
A8 = -360552E-O2 -5.39697E-O1 4.12O53E-O1 -5.6907OE-O1 
A1O = 138319E-01 3.58.142E-O1 -8.61873E-O1 4.48754E-O1 
A12 = -1.15754E--OO 

Surface # 

6 7 8 9 

: -2.16341E--OO -5.8.2157E-17 -4.97536E--OO -3.7739OE-00 
A4 = -2.62391E-O1 -4.17918E-O1 -230419E-01 -1531 OOE-O1 
A6 = 14O768E-O1 4.8233OE-01 1.06331E-O1 6.70517E-O2 
A8 = -3.21112E-O1 -5.21093E-O1 -2.15663E-O2 -2.53109E-O2 
A1O = 1.49153E-O1 2.445O7E-O1 3.S.0709E-04 6.37677E-03 
A12 = 4.254O7E-O1 6.87662E-04 -9.9247OE-04 
A14 = -8.5928OE-OS 7.57729E-05 

30 

With reference to Table 19 and FIG. 7B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.42 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.87, the half of maximum view angle is 
HFOV=33.3°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions as shown in Table 21 below, and the related 
symbols have been described above and thus will not be 
described again. 

TABLE 21 

Data of related relations of this preferred embodiment 

Relation Data Relation Data 

v - V2 34.5 (R-R), (R, +R) O.32 

(CT/f) * 10 0.67 (Rs - Rs) (Rs + R) O.O2 
T12/T23 O.O7 (R7 - Rs) (R, + Rs) O.O3 
T23T34 1.18 fif O.12 

Riff 0.37 |f|ff O.15 

R/f O.36 TTL/ImgH 1.81 

According to the optical data as shown in Table 19 and the 
aberration curves as shown in FIG. 7B, the optical lens for 
image pickup in accordance with this preferred embodiment 
of the present invention provides good correction results in 
aspects of the longitudinal spherical aberration, astigmatic 
field curving, and distortion. 
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of the present invention respectively, the optical lens for 

image pickup of this preferred embodiment comprises four 
lens elements, an aperture stop 800 and an IR-filter 860. More 
specifically, the optical lens for image pickup, sequentially 
arranged from an object side to an image side along an optical 
axis, comprises: a plastic first lens element 810 with positive 
refractive power, having a convex object-side surface 811 and 
a concave image-side Surface 812, and both object-side Sur 
face 811 and image-side surface 812 thereof being aspheric; 
an aperture stop 800; a plastic second lens element 820 with 
negative refractive power, having a convex object-side Sur 
face 821 and a concave image-side surface 822, and both 
object-side surface 821 and image-side surface 822 thereof 
being aspheric; a plastic third lens element 830 with positive 
refractive power, having a concave object-side surface 831 
and a convex image-side surface 832, and both object-side 
surface 831 and image-side surface 832 thereof being 
aspheric; a plastic fourth lens element 840 with positive 
refractive power, having a convex object-side Surface 841 and 
a concave image-side Surface 842, and both object-side Sur 
face 841 and image-side surface 842 thereof being aspheric, 
and at least one of the object-side surface 841 and the image 
side Surface 842 having at least one inflection point; a glass 
IR-filter 860, being made of a panel glass for adjusting a 
wavelength section of the light of an image; and an image 
sensor 880 at an image plane 870. With the combination of the 
four lens elements, the aperture stop 800 and the IR-filter 860, 
an image of the object to be photographed can be formed at 
the image sensor 880. 
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TABLE 22 

Optical data of this preferred embodiment 
f = 3.42 mm. Fino = 2.85. HFOV = 33.3 deg. 

Surface # Curvature Radius 

O Object Plano 
1 Lens 1 1.357900 (ASP) 
2 22.891300 (ASP) 
3 Ape. Stop Plano 
4 Lens 2 2.479490 (ASP) 
5 1.205740 (ASP) 
6 Lens 3 -2.761610 (ASP) 
7 –2.227420 (ASP) 
8 Lens 4 1.134750 (ASP) 
9 1.060660 (ASP) 
10 IR-filter Plano 
11 Plano 
12 Image Plano 

Note: 

Thickness Material Index 

Infinity 
0.542 Plastic 1.544 
O.042 
O.O16 
0.231 Plastic 1.650 
O.S45 
0.546 Plastic 1.544 
O.S42 
0.600 Plastic 1.535 
O.7OO 
0.300 Glass 1516 
O.228 

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

Focal 
Abbe # Length 

55.9 2.63 

21.4 -3.89 

55.9 15.56 

56.3 16.69 

64.1 

30 

The optical data of this preferred embodiment are listed in 
Table 22, wherein the object-side surface and the image-side 
surface of the first lens element 810 to the fourth lens element 

A4 

A1 

A1 

A4 

A1 

A1 

A1 

2 = 

2 = 

4 = 

Table 23 as follows: 

Aspheric coefficients of this preferred embodiment 

2.961.24E-O2 

2.7738SE-O2 

-2.93692E-O2 

1.01766E-O1 

-2.21556E--OO 

-2.26762E-O1 

1598.84E-O1 

-3.38367E-O1 

3.13744E-O1 

9.06O79E-02 

TABLE 23 

Surface # 

-3.1853OE--O1 

5.317 S2E-O2 7.674S1E-O2 

1.03699E-01 -3.0196OE-O1 

-1926.32E-O1 4.3O269E-01 

6.1267OE-O2 -7.56449E-01 

Surface # 

7 8 

-2.5147OE-O2 -3.494OSE-OO 

-4.06988E-O1 -2.472O3E-O1 

4.55409E-O1 1.OSS86E-O1 

-4.62874E-O1 -2.10892E-O2 

1.9006SE-O1 4.64582E-04 

6.98.447E-04 

-9.27712E-OS 

840 comply with the aspherical surface formula as given in 
Equation (15), and their aspheric coefficients are listed in 

1.1847SE--OO 

-2.87424E-O1 

2.32969E-O1 

-6.88366E-O1 

4.39077E-O1 

-3.90517E-O1 

-3.251.24E--OO 

7.15536E-O2 

-2.58.394E-O2 

6.2692OE-03 

-9.894O1E-04 

8.08507E-OS 
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With reference to Table 22 and FIG.8B for the optical lens 
for image pickup of this preferred embodiment, the focal 
length of the optical lens for image pickup is f3.42 (mm), the 
overall aperture stop value (f-number) of the optical lens for 
image pickup is Fno=2.85, the half of maximum view angle is 
HFOV=33.3°. After the optical data of this preferred embodi 
ment are calculated and derived, the optical lens satisfies 
related conditions 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 Relation Data 

v - V2 34.5 (R-R), (R, +R) O3S 
(CT/f) * 10 O.68 (Rs - Rs) (Rs + R) O.11 
T12/T23 O.11 (R7 - Rs) (R, + Rs) O.O3 
T23T34 1.00 ff, O.22 
Riff O40 |f|ff O.25 
R/f O.35 TTL/ImgH 1.86 

According to the optical data as shown in Table 22 and the 
aberration curves as shown in FIG. 8B, the optical lens for 
image pickup in accordance with this preferred embodiment 
of the present invention provides good correction results in 
aspects of the longitudinal spherical aberration, astigmatic 
field curving, and distortion. 

In the optical lens for image pickup of the present inven 
tion, the lens element can be made of glass or plastic. If the 
lens element is made of glass, the selection of refractive 
power for the optical lens for image pickup can be more 
flexible. If the lens element is made of plastic, then the pro 
duction cost can be reduced effectively. 

In the optical lens for image pickup of the present inven 
tion, 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 optical lens for image pickup of the present inven 
tion, 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 24 show changes of values of an optical lens for 
image pickup in accordance with different preferred embodi 
ments of the present invention respectively, and even if dif 
ferent values are used, products of the same structure are 
intended to be covered by the scope of the present invention. 
It is noteworthy to point out that the aforementioned descrip 
tion and the illustration of related drawings are provided for 
the purpose of explaining the technical characteristics of the 
present invention, but not intended for limiting the scope of 
the present invention. 

What is claimed is: 
1. An optical lens for image pickup, sequentially arranged 

from an object side to an image side, comprising: 
a first lens element with positive refractive power, having a 

convex object-side Surface; 
a second lens element with negative refractive power, hav 

ing a convex object-side Surface and a concave image 
side Surface; 

a plastic third lens element with positive refractive power, 
having a concave object-side surface and a convex 
image-side Surface, and both object-side Surface and 
image-side Surface thereof being aspheric; and 
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32 
a plastic fourth lens element with positive refractive power, 

having a convex object-side Surface and a concave 
image-side Surface, and both object-side Surface and 
image-side Surface thereof being aspheric; 

wherein R is a curvature radius of the object-side surface 
of the second lens element, R is a curvature radius of the 
image-side surface of the second lens element, Rs is a 
curvature radius of the object-side surface of the third 
lens element, R is a curvature radius of the image-side 
surface of the third lens element, fis a focallength of the 
optical lens for image pickup, and the following rela 
tions are satisfied: 

2. The optical lens for image pickup of claim 1, wherein at 
least one of the object-side Surface and the image-side Surface 
of the fourth lens element has at least one inflection point. 

3. The opticallens for image pickup of claim 2, wherein R, 
is a curvature radius of the object-side surface of the fourth 
lens element, Rs is a curvature radius of the image-side Sur 
face of the fourth lens element, and the following relation is 
satisfied: 

4. The optical lens for image pickup of claim3, wherein V 
is an Abbe number of the first lens element, V is an Abbe 
number of the second lens element, and the following relation 
is satisfied: 

5. The opticallens for image pickup of claim 4, wherein R 
is the curvature radius of the object-side surface of the second 
lens element, R is the curvature radius of the image-side 
Surface of the second lens element, and the following relation 
is satisfied: 

6. The optical lens for image pickup of claim 4, wherein f 
is the focal length of the optical lens for image pickup, f is a 
focal length of the third lens element, and the following 
relation is satisfied: 

7. The optical lens for image pickup of claim 4, whereinf, 
is a focallength of the second lens element, f is a focal length 
of the third lens element, and the following relation is satis 
fied: 

8. The opticallens for image pickup of claim 5, wherein T. 
is an axial distance between the first lens element and the 
second lens element, T is an axial distance between the 
second lens element and the third lens element, and the fol 
lowing relation is satisfied: 

9. The opticallens for image pickup of claim8, wherein R 
is a curvature radius of the object-side surface of the first lens 
element, and fis the focal length of the optical lens for image 
pickup, and the following relation is satisfied: 
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10. The optical lens for image pickup of claim 3, wherein 
T is an axial distance between the second lens element and 
the third lens element, T is an axial distance between the 
third lens element and the fourth lens element, and the fol 
lowing relation is satisfied: 

0.5 sT2/Tis-1.5. 

11. The optical lens for image pickup of claim 3, wherein 
CT is a central thickness of the second lens element, f is the 
focal length of the optical lens for image pickup, and the 
following relation is satisfied: 

12. The optical lens for image pickup of claim 3, wherein 
the first lens element has a concave image-side Surface. 

13. The optical lens for image pickup of claim 3, further 
comprising an image sensor at an image plane for imaging an 
object to be photographed, wherein TTL is an axial distance 
from the object-side surface of the first lens element to the 
image plane, ImgH is half of the diagonal length of an effec 
tive photosensitive area of the image sensor, and the follow 
ing relation is satisfied: 

TTL/ImgH32.1. 

14. An optical lens for image pickup, sequentially arranged 
from an object side to an image side, comprising: 

a first lens element with positive refractive power, having a 
convex object-side Surface; 

a second lens element with negative refractive power, hav 
ing a convex object-side Surface and a concave image 
side Surface; 

a plastic third lens element with positive refractive power, 
having a concave object-side surface and a convex 
image-side Surface, and both object-side Surface and 
image-side Surface thereof being aspheric; and 

a plastic fourth lens element with positive refractive power, 
having a convex object-side Surface and a concave 
image-side Surface, and both object-side Surface and 
image-side Surface thereof being aspheric; 

wherein f is a focal length of the optical lens for image 
pickup, f is a focal length of the third lens element, R 
is a curvature radius of the object-side surface of the 
second lens element, R is a curvature radius of the 
image-side Surface of the second lens element, R, is a 
curvature radius of the object-side surface of the fourth 
lens element, Rs is a curvature radius of the image-side 
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surface of the fourth lens element, and the following 
relations are satisfied: 

15. The optical lens for image pickup of claim 14, wherein 
at least one of the object-side Surface and the image-side 
surface of the fourth lens element has at least one inflection 
point. 

16. The optical lens for image pickup of claim 15, wherein 
f is a focal length of the second lens element, f is the focal 
length of the third lens element, and the following relation is 
satisfied: 

17. The optical lens for image pickup of claim 16, wherein 
V is an Abbe number of the first lens element, v is an Abbe 
number of the second lens element, and the following relation 
is satisfied: 

18. The optical lens for image pickup of claim 16, wherein 
T is an axial distance between the second lens element and 
the third lens element, T is an axial distance between the 
third lens element and the fourth lens element, and the fol 
lowing relation is satisfied: 

19. The optical lens for image pickup of claim 16, wherein 
Rs is a curvature radius of the object-side surface of the third 
lens element, R is a curvature radius of the image-side Sur 
face of the third lens element, and the following relation is 
satisfied: 

20. The optical lens for image pickup of claim 16, wherein 
R is the curvature radius of the object-side surface of the 
second lens element, R is the curvature radius of the image 
side Surface of the second lens element, and the following 
relation is satisfied: 

21. The optical lens for image pickup of claim 16, wherein 
CT is a central thickness of the second lens element, f is the 
focal length of the optical lens for image pickup, and the 
following relation is satisfied: 


