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SIX-PIECE OPTICAL LENS SYSTEM WITH
A WIDE FIELD OF VIEW

BACKGROUND

Field of the Invention

[0001] The present invention relates to a six-piece optical
lens system with a wide field of view, and more particularly
to a miniaturized six-piece optical lens system with a wide
field of view which is applicable to electronic products.

Description of the Prior Art

[0002] In recent years, with the popularity of electronic
products with the function of taking photographs, there’s an
increasing demand for an optical lens system. In order to
obtain a wider shooting range, the lens angle should meet
certain requirements. The field of view of the lens is usually
designed to be 50 to 60 degrees, if over the above design
angle, the aberration is larger and the lens design is more
complex. For example, the optical lens systems as disclosed
in U.S. Pat. Nos. 8,335,043 and 8,576,497 use two lens
groups and 5-6 pieces of lens elements to obtain a wide field
of view, however, their distortion is increased. The optical
lens systems as disclosed in U.S. Pat. Nos. 8,593,737,
8,576,497 and 8,395,853 also have a wide field of view, but
their TL (total length) of the entire optical lens system is too
long.

[0003] Therefore, how to develop a miniaturized six-piece
optical lens system with a wide field of view which not only
can be applied to lenses of the electronic products, such as,
digital camera, Webcam, mobile phone and so on, but also
has a wide field of view, and can reduce the aberration and
the design complexity is the motivation of the present
invention.

[0004] The present invention mitigates and/or obviates the
aforementioned disadvantages.

SUMMARY

[0005] The primary objective of the present invention is to
provide a six-piece optical lens system which has a wide
field of view, high resolution, short length and less distor-
tion.

[0006] Therefore, a six-piece optical lens system with a
wide field of view in accordance with the present invention
comprises, in order from an object side to an image side: a
first lens element with a negative refractive power having an
object-side surface being convex near an optical axis and an
image-side surface being concave near the optical axis, at
least one of the object-side surface and the image-side
surface of the first lens element being aspheric; a second lens
element with a positive refractive power having an object-
side surface being concave near the optical axis and an
image-side surface being convex near the optical axis, at
least one of the object-side surface and the image-side
surface of the second lens element being aspheric; a stop; a
third lens element with a positive refractive power having an
object-side surface being convex near the optical axis and an
image-side surface being convex near the optical axis, at
least one of the object-side surface and the image-side
surface of the third lens element being aspheric; a fourth lens
element with a negative refractive power having an object-
side surface being convex near the optical axis and an
image-side surface being concave near the optical axis, at
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least one of the object-side surface and the image-side
surface of the fourth lens element being aspheric; a fifth lens
element with a positive refractive power having an object-
side surface being convex near the optical axis and an
image-side surface being convex near the optical axis, at
least one of the object-side surface and the image-side
surface of the fifth lens element being aspheric; a sixth lens
element with a negative refractive power having an object-
side surface being concave near the optical axis and an
image-side surface being concave near the optical axis, at
least one of an object-side surface and the image-side
surface of the sixth lens element being aspheric and pro-
vided with at least one inflection point.

[0007] Preferably, a focal length of the first lens element
is {1, a focal length of the second lens element is 2, and they
satisfy the relation: —0.1<f1/f2<-0.005, so that the refractive
power of the first lens element and the second lens element
are more suitable, it will be favorable to obtain a wide field
of view and avoid the excessive increase of aberration of the
system.

[0008] Preferably, the focal length of the second lens
element is 12, a focal length of the third lens element is 3,
and they satisfy the relation: 25<f2/f3<180, so that the
refractive power of the third lens element can be distributed
effectively and will not be too large, it will be favorable to
reduce the sensitivity of the system and reduce the aberra-
tion.

[0009] Preferably, the focal length of the third lens ele-
ment is 13, a focal length of the fourth lens element is {4, and
they satisfy the relation: -0.6<f3/f4<-0.25, so that the
refractive power of the system can be balanced effectively,
s0 as to correct the aberration of the six-piece optical lens
system with a wide field of view.

[0010] Preferably, the focal length of the fourth lens
element is f4, a focal length of the fifth lens element is 5,
and they satisfy the relation: -1.9<f4/f5<-1.3, so that the
chromatic aberration of the lens group of the image system
can be balanced and the image quality can be improved.
[0011] Preferably, the focal length of the fifth lens element
is f5, a focal length of the sixth lens element is 6, and they
satisfy the relation: —1.3<f5/f6<-0.8, so that the refractive
power of the rear group lens system is more balanced, it will
be favorable to reduce the sensitivity of the system and
correct the high order aberrations of the system.

[0012] Preferably, the focal length of the first lens element
is {1, the focal length of the third lens element is 13, and they
satisfy the relation: -2.3<f1/f3<-1.7, so that the refractive
power of the first lens element can be distributed effectively,
so as to reduce the sensitivity of the six-piece optical lens
system with a wide field of view.

[0013] Preferably, the focal length of the second lens
element is 12, the focal length of the fourth lens element is
f4, and they satisfy the relation: —-70<f2/f4<-15, which is
favorable to increase the field of view and enlarge the stop
of'the six-piece optical lens system with a wide field of view.
Meanwhile, the assembling tolerance can be reduced to
improve yield rate.

[0014] Preferably, the focal length of the third lens ele-
ment is 13, the focal length of the fifth lens element is 5, and
they satisfy the relation: 0.5<13/f5<0.9, which is favorable
to increase the field of view and enlarge the stop of the
six-piece optical lens system with a wide field of view.
Meanwhile, the assembling tolerance can be reduced to
improve yield rate.
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[0015] Preferably, the focal length of the fourth lens
element is f4, the focal length of the sixth lens element is 6,
and they satisfy the relation: 1.5<f4/f6<2.0, which can
reduce the sensitivity and the total length of the six-piece
optical lens system with a wide field of view.

[0016] Preferably, the focal length of the first lens element
is 1, a focal length of the second lens element and the third
lens element combined is 23, and they satisty the relation:
—-2.4<f1/f23<~-1.65. Appropriate refractive power is favor-
able to reduce the spherical aberration and astigmatism of
the optical lens system effectively.

[0017] Preferably, the focal length of the second lens
element and the third lens element combined is £23, a focal
length of the fourth lens element and the fifth lens element
combined is 45, and they satisfy the relation: 0.15<f23/
£45<0.6. If £23/f45 satisfies the above relation, a wide field
of view, high pixel and low height can be provided and the
resolution can be improved evidently. Contrarily, if £23/f45
exceeds the above range, the performance and resolution of
the six-piece optical lens system with a wide field of view
will be reduced, and the yield rate will be low.

[0018] Preferably, the focal length of the fourth lens
element and the fifth lens element combined is 45, the focal
length of the sixth lens element is f6, and they satisfy the
relation: —-2.6<f45/f6<-1.4. If f45/f6 satisfies the above
relation, a wide field of view, high pixel and low height can
be provided and the resolution can be improved evidently.
Contrarily, if f45/f6 exceeds the above range, the perfor-
mance and resolution of the six-piece optical lens system
with a wide field of view will be reduced, and the yield rate
will be low.

[0019] Preferably, a focal length of the first lens element
and the second lens element combined is 12, a focal length
of the third lens element and the fourth lens element com-
bined is 34, and they satisty the relation: —1.7<f12/f34<-
1.1. If £f12/f34 satisfies the above relation, a wide field of
view, high pixel and low height can be provided and the
resolution can be improved evidently. Contrarily, if £12/f34
exceeds the above range, the performance and resolution of
the six-piece optical lens system with a wide field of view
will be reduced, and the yield rate will be low.

[0020] Preferably, the focal length of the third lens ele-
ment and the fourth lens element combined is f34, a focal
length of the fifth lens element and the sixth lens element
combined is 56, and they satisfy the relation: -1.6<{34/
£56<-0.65. If 34/f56 satisfies the above relation, a wide
field of view, high pixel and low height can be provided and
the resolution can be improved evidently. Contrarily, if
f34/56 exceeds the above range, the performance and
resolution of the six-piece optical lens system with a wide
field of view will be reduced, and the yield rate will be low.
[0021] Preferably, the focal length of the first lens element
is f1, a focal length of the second lens element, the third lens
element and the fourth lens element combined is 234, and
they satisfy the relation: —1.8<f1/f234<-1.0. Appropriate
refractive power is favorable to reduce the spherical aber-
ration and astigmatism of the optical lens system effectively.
[0022] Preferably, the focal length of the second lens
element, the third lens element and the fourth lens element
combined is 234, the focal length of the fifth lens element
and the sixth lens element combined is £56, and they satisfy
the relation: -1.6<f234/f56<-0.6. Appropriate refractive
power is favorable to reduce the spherical aberration and
astigmatism of the optical lens system effectively.
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[0023] Preferably, a focal length of the first lens element,
the second lens element and the third lens element combined
is 123, the focal length of the fourth lens element is f4, and
they satisfy the relation: -0.65<f123/f4<-0.35. Appropriate
refractive power is favorable to reduce the spherical aber-
ration and astigmatism of the optical lens system effectively.

[0024] Preferably, the focal length of the first lens element,
the second lens element and the third lens element combined
is 123, the focal length of the fourth lens element and the
fifth lens element combined is f45, and they satisty the
relation: 0.2<f123/f45<0.75. If f123/f45 satisfies the above
relation, a wide field of view, high pixel and low height can
be provided and the resolution can be improved evidently.
Contrarily, if f123/f45 exceeds the above range, the perfor-
mance and resolution of the six-piece optical lens system
with a wide field of view will be reduced, and the yield rate
will be low.

[0025] Preferably, the focal length of the first lens element,
the second lens element and the third lens element combined
is f123, a focal length of the fourth lens element, the fifth
lens element and the sixth lens element combined is 456,
and they satisfy the relation: 1.0<t123/f456<1.55. If £123/
f456 satisfies the above relation, a wide field of view, high
pixel and low height can be provided and the resolution can
be improved evidently. Contrarily, if £123/f456 exceeds the
above range, the performance and resolution of the six-piece
optical lens system with a wide field of view will be reduced,
and the yield rate will be low.

[0026] Preferably, the focal length of the first lens element
and the second lens element combined is {12, a focal length
of the third lens element, the fourth lens element, the fifth
lens element and the sixth lens element combined is 3456,
and they satisfy the relation: -2.7<f12/f3456<-1.95. If
f12/£3456 satisfies the above relation, a wide field of view,
high pixel and low height can be provided and the resolution
can be improved evidently. Contrarily, if f12/f3456 exceeds
the above range, the performance and resolution of the
six-piece optical lens system with a wide field of view will
be reduced, and the yield rate will be low.

[0027] Preferably, an Abbe number of the third lens ele-
ment is V3, an Abbe number of the fourth lens element is
V4, and they satisfy the relation: 30<V3-V4<42, which can
correct the chromatic aberration of the six-piece optical lens
system with a wide field of view.

[0028] Preferably, an Abbe number of the fifth lens ele-
ment is V5, an Abbe number of the sixth lens element is V6,
and they satisty the relation: 30<V5-V6<42; which can
correct the chromatic aberration of the six-piece optical lens
system with a wide field of view.

[0029] Preferably, a focal length of the six-piece optical
lens system with a wide field of view is f, a distance from
the object-side surface of the first lens element to the image
plane along the optical axis is TL, and they satisfy the
relation: 0.25<f/TL<0.6, it will be favorable to obtain a wide
field of view and maintain the objective of miniaturization of
the optical lens system, which can be used in thin electronic
products.

[0030] The present invention will be presented in further
details from the following descriptions with the accompa-
nying drawings, which show, for purpose of illustrations
only, the preferred embodiments in accordance with the
present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1A shows a six-piece optical lens system with
a wide field of view in accordance with a first embodiment
of the present invention;

[0032] FIG. 1B shows the image plane curve and the
distortion curve of the first embodiment of the present
invention;

[0033] FIG. 2A shows a six-piece optical lens system with
a wide field of view in accordance with a second embodi-
ment of the present invention;

[0034] FIG. 2B shows the image plane curve and the
distortion curve of the second embodiment of the present
invention;

[0035] FIG. 3A shows a six-piece optical lens system with
a wide field of view in accordance with a third embodiment
of the present invention; and

[0036] FIG. 3B shows the image plane curve and the
distortion curve of the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] Referring to FIGS. 1A and 1B, FIG. 1A shows a
six-piece optical lens system with a wide field of view in
accordance with a first embodiment of the present invention,
and FIG. 1B shows, in order from left to right, the image
plane curve and the distortion curve of the first embodiment
of'the present invention. A six-piece optical lens system with
a wide field of view in accordance with the first embodiment
of the present invention comprises a stop 100 and a lens
group. The lens group comprises, in order from an object
side to an image side: a first lens element 110, a second lens
element 120, a third lens element 130, a fourth lens element
140, a fifth lens element 150, a sixth lens element 160, an IR
cut filter 170, and an image plane 180, wherein the six-piece
optical lens system with a wide field of view has a total of
six lens elements with refractive power. The stop 100 is
disposed between an object-side surface 121 of the second
lens element 120 and an image-side surface 132 of the third
lens element 130.

[0038] The first lens element 110 with a negative refrac-
tive power has an object-side surface 111 being convex near
an optical axis 190 and the image-side surface 112 being
concave near the optical axis 190, the object-side surface 111
and the image-side surface 112 are aspheric, and the first
lens element 110 is made of plastic material.

[0039] The second lens element 120 with a positive refrac-
tive power has the object-side surface 121 being concave
near the optical axis 190 and an image-side surface 122
being convex near the optical axis 190, the object-side
surface 121 and the image-side surface 122 are aspheric, and
the second lens element 120 is made of plastic material.
[0040] The third lens element 130 with a positive refrac-
tive power has an object-side surface 131 being convex near
the optical axis 190 and an image-side surface 132 being
convex near the optical axis 190, the object-side surface 131
and the image-side surface 132 are aspheric, and the third
lens element 130 is made of plastic material.

[0041] The fourth lens element 140 with a negative refrac-
tive power has an object-side surface 141 being convex near
the optical axis 190 and an image-side surface 142 being
concave near the optical axis 190, the object-side surface
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141 and the image-side surface 142 are aspheric, and the
fourth lens element 140 is made of plastic material.

[0042] The fifth lens element 150 with a positive refractive
power has an object-side surface 151 being convex near the
optical axis 190 and an image-side surface 152 being convex
near the optical axis 190, the object-side surface 151 and the
image-side surface 152 are aspheric, and the fifth lens
element 150 is made of plastic material.

[0043] The sixth lens element 160 with a negative refrac-
tive power has an object-side surface 161 being concave
near the optical axis 190 and an image-side surface 162
being concave near the optical axis 190, the object-side
surface 161 and the image-side surface 162 are aspheric, the
sixth lens element 160 is made of plastic material, and at
least one of the object-side surface 161 and the image-side
surface 162 is provided with at least one inflection point.
[0044] The IR cut filter 170 made of glass is located
between the sixth lens element 160 and the image plane 180
and has no influence on the focal length of the six-piece
optical lens system with a wide field of view.

[0045] The equation for the aspheric surface profiles of the
respective lens elements of the first embodiment is
expressed as follows:

2
z= C—OS + AR+ BKS + CH + DRYO + ER? + Gh™ + ..
T+ [1— k + D22

[0046] wherein:

[0047] =z represents the value of a reference position with
respect to a vertex of the surface of a lens and a position with
a height h along the optical axis 190;

[0048] c represents a paraxial curvature equal to 1/R (R: a
paraxial radius of curvature);

[0049] h represents a vertical distance from the point on
the curve of the aspheric surface to the optical axis 190;
[0050] k represents the conic constant;

[0051] A, B,C, D, E, G, ...: represent the high-order
aspheric coefficients.

[0052] In the first embodiment of the present six-piece
optical lens system with a wide field of view, a focal length
of' the six-piece optical lens system with a wide field of view
is f, a f-number of the six-piece optical lens system with a
wide field of view is Fno, the six-piece optical lens system
with a wide field of view has a maximum view angle FOV,
and they satisty the relations: f=1.902 mm; Fno=2.2; and
FOV=140 degrees.

[0053] In the first embodiment of the present six-piece
optical lens system with a wide field of view, a focal length
of'the first lens element 110 is {1, a focal length of the second
lens element 120 is {2, and they satisfy the relation: f1/f2=—
0.05.

[0054] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the second lens element 120 is 2, a focal length of the
third lens element 130 is 3, and they satisfy the relation:
12/£3=38.64.

[0055] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the third lens element 130 is 13, a focal length of the fourth
lens element 140 is f4, and they satisfy the relation: f3/f4=—
0.47.
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[0056] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the fourth lens element 140 is f4, a focal length of the fifth
lens element 150 is 15, and they satisfy the relation: f4/f5=—
1.47.

[0057] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the fifth lens element 150 is f5, a focal length of the sixth
lens element 160 is 16, and they satisfy the relation: f5/f6=—
1.17.

[0058] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the first lens element 110 is {1, the focal length of the third
lens element 130 is 13, and they satisfy the relation: f1/f3=—
1.87.

[0059] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the second lens element 120 is 2, the focal length of the
fourth lens element 140 is {4, and they satisfy the relation:
f2/f4=-18.16.

[0060] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the third lens element 130 is 3, the focal length of the
fifth lens element 150 is {5, and they satisfy the relation:
13/£5=0.69.

[0061] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the fourth lens element 140 is {4, the focal length of the
sixth lens element 160 is 16, and they satisfy the relation:
fa/f6=1.71.

[0062] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the first lens element 110 is {1, a focal length of the second
lens element 120 and the third lens element 130 combined
is 123, and they satisfy the relation: {1/£23=-1.93.

[0063] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the second lens element 120 and the third lens element
130 combined is 23, a focal length of the fourth lens
element 140 and the fifth lens element 150 combined is f45,
and they satisfy the relation: £23/f45=0.33.

[0064] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the fourth lens element 140 and the fifth lens element 150
combined is f45, the focal length of the sixth lens element
160 is 16, and they satisfy the relation: 45/{6=-2.37.
[0065] In the first embodiment of the present six-piece
optical lens system with a wide field of view, a focal length
of the first lens element 110 and the second lens element 120
combined is 12, a focal length of the third lens element 130
and the fourth lens element 140 combined is 34, and they
satisfy the relation: f12/f34=-1.33.

[0066] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the third lens element 130 and the fourth lens element 140
combined is f34, a focal length of the fifth lens element 150
and the sixth lens element 160 combined is 56, and they
satisfy the relation: f34/f56=-1.42.

[0067] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the first lens element 110 is {1, a focal length of the second
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lens element 120, the third lens element 130 and the fourth
lens element 140 combined is {234, and they satisfy the
relation: £1/234=-1.29.

[0068] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the second lens element 120, the third lens element 130
and the fourth lens element 140 combined is 234, the focal
length of the fifth lens element 150 and the sixth lens
element 160 combined is 56, and they satisfy the relation:
1234/£56=-1.36.

[0069] In the first embodiment of the present six-piece
optical lens system with a wide field of view, a focal length
of the first lens element 110, the second lens element 120 and
the third lens element 130 combined is £123, the focal length
of the fourth lens element 140 is f4, and they satisfy the
relation: £123/f4=-0.54.

[0070] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the first lens element 110, the second lens element 120 and
the third lens element 130 combined is £123, the focal length
of the fourth lens element 140 and the fifth lens element 150
combined is 45, and they satisfy the relation: £123/f45=0.
39.

[0071] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of the first lens element 110, the second lens element 120 and
the third lens element 130 combined is {123, a focal length
of the fourth lens element 140, the fifth lens element 150 and
the sixth lens element 160 combined is {456, and they satisfy
the relation: £123/f456=1.20.

[0072] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of'the first lens element 110 and the second lens element 120
combined is f12, a focal length of the third lens element 130,
the fourth lens element 140, the fifth lens element 150 and
the sixth lens element 160 combined is 3456, and they
satisty the relation: £12/f3456=-2.26.

[0073] In the first embodiment of the present six-piece
optical lens system with a wide field of view, an Abbe
number of the third lens element 130 is V3, an Abbe number
of the fourth lens element 140 is V4, and they satisfy the
relation: V3-V4=34.6.

[0074] In the first embodiment of the present six-piece
optical lens system with a wide field of view, an Abbe
number of the fifth lens element 150 is V5, an Abbe number
of the sixth lens element 160 is V6, and they satisfy the
relation: V5-V6=34.6.

[0075] In the first embodiment of the present six-piece
optical lens system with a wide field of view, the focal length
of' the six-piece optical lens system with a wide field of view
is 1, a distance from the object-side surface 111 of the first
lens element 110 to the image plane 180 along the optical
axis 190 is TL, and they satisfy the relation: {/TL=0.40.
[0076] The detailed optical data of the first embodiment is
shown in table 1, and the aspheric surface data is shown in
table 2.



US 2019/0011670 Al

Jan. 10, 2019

TABLE 1
Embodiment 1
f (focal length) = 1.902 mm, Fno = 2.2, FOV = 140 deg.
Curvature Focal
surface Radius Thickness Material Index Abbe# length
0  object infinity infinity
1 infinity 0
2 Lens1 3.707 (ASP) 0.298 plastic 1.544 56.0 -2.71
3 1.027  (ASP) 0.514
4 Lens2 -8.964 (ASP) 0.262 plastic 1.65 21.4 56.00
5 -7.288  (ASP) 0.109
6  stop infinity -0.019
7 Lens 3 2.755 (ASP) 0.595 plastic 1.544 56.0 1.45
8 -1.025 (ASP) 0.028
9 Lens4 2.805 (ASP) 0.243  plastic 1.65 21.4 -3.08
10 1.135 (ASP) 0.136
11  Lens 5 8.006 (ASP) 0.877 plastic 1.544 56.0 2.10
12 -1.289 (ASP) 0.721
13  Lens 6 -5.062 (ASP) 0.308 plastic 1.65 21.4 -1.81
14 1.582 (ASP) 0.264
15 IRAfilter infinity 0.210 glass 1.517 64.2 —
16 infinity 0.184
17 Image infinity infinity
plane
TABLE 2
Aspheric Coefficients
surface
2 3 4 5 7 8
K: 2.5708E+00  -3.6591E-01 1.4128E+02 9.1079E+01 -1.9131E+00  -2.6566E+00
A: 1.4115E-02 1.7208E-01  -2.2807E-01 -2.0772E-01 -2.3480E-02  -6.9430E-03
B: 1.0027E-01 3.8341E-01 5.6790E-03  -2.1946E-01 -5.3288E-01  -1.4222E+00
C: -1.7290E-01 1.5790E-01  -5.4852E-01 5.0992E-02 2.7965E+00 4.8118E+00
D: 1.4304E-01 9.2949E-01 2.2361E+400 1.1123E+01 -1.0727E+01  -1.0506E+01
E: -6.1235E-02  -3.9031E+00  -2.8883E+00  -4.0827E+01 2.3166E+01 1.1634E+01
F: 1.0963E-02 7.1675E+00 2.6282E+00 5.2772E+401 -1.8168E+01  -3.9539E+00
surface
9 10 11 12 13 14
K: 8.8458E+00  -7.7049E+00  -1.1811E+00  -8.9914E-01 1.2070E+01  -1.7129E+01
A: -4.4931E-01  -6.2864E-02 6.7540E-03 3.1845E-02  -4.2305E-01  -1.8983E-01
B: -5.2471E-01  -7.9497E-02 6.9941E-02  -7.1807E-02 4.1613E-01 1.4482E-01
C: 2.7367E+00 2.8358E-01  -7.0811E-02 1.2517E-01 -2.6934E-01  -7.6514E-02
D: -7.5253E+00  -3.8051E-01 5.9930E-02  -1.6161E-01 2.3730E-02 1.8270E-02
E: 1.0598E+01 3.1313E-01  -1.7155E-02 9.9040E-02 2.2149E-02  -1.5900E-03
F: -5.6839E+00  -1.2103E-01  -1.3690E-03  -1.1160E-03 0.0000E+00 0.0000E+00
[0077] The units of the radius of curvature, the thickness tion, and FIG. 2B shows, in order from left to right, the

and the focal length in table 1 are expressed in mm, the
surface numbers 0-17 represent the surfaces sequentially
arranged from the object-side to the image-side along the
optical axis. In table 2, k represents the conic coefficient of
the equation of the aspheric surface profiles, and A, B, C, D,
E, F ... :represent the high-order aspheric coeflicients. The
tables presented below for each embodiment are the corre-
sponding schematic parameter, image plane curves and
distortion curves, and the definitions of the tables are the
same as Table 1 and Table 2 of the first embodiment.
Therefore, an explanation in this regard will not be provided
again.

[0078] Referring to FIGS. 2A and 2B, FIG. 2A shows a
six-piece optical lens system with a wide field of view in
accordance with a second embodiment of the present inven-

image plane curve and the distortion curve of the second
embodiment of the present invention. A six-piece optical
lens system with a wide field of view in accordance with the
second embodiment of the present invention comprises a
stop 200 and a lens group. The lens group comprises, in
order from an object side to an image side: a first lens
element 210, a second lens element 220, a third lens element
230, a fourth lens element 240, a fifth lens element 250, a
sixth lens element 260, an IR cut filter 270, and an image
plane 280, wherein the six-piece optical lens system with a
wide field of view has a total of six lens elements with
refractive power. The stop 200 is disposed between an
object-side surface 221 of the second lens element 220 and
an image-side surface 232 of the third lens element 230.

[0079] The first lens element 210 with a negative refrac-
tive power has an object-side surface 211 being convex near
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an optical axis 290 and the image-side surface 212 being
concave near the optical axis 290, the object-side surface
211 and the image-side surface 212 are aspheric, and the first
lens element 210 is made of plastic material.

[0080] The second lens element 220 with a positive refrac-
tive power has the object-side surface 221 being concave
near the optical axis 290 and an image-side surface 222
being convex near the optical axis 290, the object-side
surface 221 and the image-side surface 222 are aspheric, and
the second lens element 220 is made of plastic material.
[0081] The third lens element 230 with a positive refrac-
tive power has an object-side surface 231 being convex near
the optical axis 290 and an image-side surface 232 being
convex near the optical axis 290, the object-side surface 231
and the image-side surface 232 are aspheric, and the third
lens element 230 is made of plastic material.

[0082] The fourth lens element 240 with a negative refrac-
tive power has an object-side surface 241 being convex near
the optical axis 290 and an image-side surface 242 being
concave near the optical axis 290, the object-side surface
241 and the image-side surface 242 are aspheric, and the
fourth lens element 240 is made of plastic material.
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[0083] The fifth lens element 250 with a positive refractive
power has an object-side surface 251 being convex near the
optical axis 290 and an image-side surface 252 being convex
near the optical axis 290, the object-side surface 251 and the
image-side surface 252 are aspheric, and the fifth lens
element 250 is made of plastic material.

[0084] The sixth lens element 260 with a negative refrac-
tive power has an object-side surface 261 being concave
near the optical axis 290 and an image-side surface 262
being concave near the optical axis 290, the object-side
surface 261 and the image-side surface 262 are aspheric, the
sixth lens element 260 is made of plastic material, and at
least one of the object-side surface 261 and the image-side
surface 262 is provided with at least one inflection point.
[0085] The IR cut filter 270 made of glass is located
between the sixth lens element 260 and the image plane 280
and has no influence on the focal length of the six-piece
optical lens system with a wide field of view.

[0086] The detailed optical data of the second embodiment
is shown in table 3, and the aspheric surface data is shown
in table 4.

TABLE 3

Embodiment 2
f (focal length) = 1.887 mm, Fno = 2.2, FOV = 145 deg.

Curvature Focal
surface Radius Thickness Material Index Abbe# length
0  object infinity infinity
1 infinity 0
2 Lens1 3782 (ASP) 0.300 plastic 1.544 56.0 -2.74
3 1.042  (ASP) 0.524
4 Lens 2 -9.972  (ASP) 0.255  plastic 1.65 214 112.80
5 -8.875 (ASP) 0.096
6 infinity -0.007
7 Lens 3 2.833  (ASP) 0.608 plastic 1.544 56.0 1.48
8 -1.040 (ASP) 0.026
9 Lens4 2.838 (ASP) 0.232  plastic 1.65 214 -3.32
10 1.193  (ASP) 0.145
11  Lens 5 7.724  (ASP) 0.847 plastic 1.544 56.0 2.14
12 -1.326  (ASP) 0.758
13 Lens 6 -5.038 (ASP) 0.300 plastic 1.65 214 -1.82
14 1.600  (ASP) 0.251
15 IRAfilter infinity 0.210 glass 1.517 64.2 —
16 infinity 0.184
17 Image infinity infinity
plane
TABLE 4
Aspheric Coeflicients
surface
2 4 5 7 8
K: 2.8613E+00  -3.9637E-01 1.6736E+02 2.0000E+02  -1.2634E-01  -2.2682E+00
A: 1.3940E-02 1.7429E-01  -2.1806E-01  -1.6688E-01  -1.2774E-02  -1.0636E-02
B: 1.0224E-01 3.7824E-01 2.2918E-02  -9.8991E-02  -5.4035E-01  -1.3799E+00
C: -1.7172E-01 9.0051E-02  -4.7647E-01 -7.6511E-02 2.7644E+00 4.8058E+00
D: 1.4334E-01 9.5121E-01 2.1238E+00 1.0585E+01  -1.0665E+01  -1.0611E+01
E: -6.1376E-02  -3.6126E+00  -3.2899E+00  -3.9607E+01 2.3449E+01 1.1575E+01
F: 1.0901E-02 6.9300E+00 3.2527E+00 5.8262E+01  -1.8341E+01  -3.5548E+00
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TABLE 4-continued
Aspheric Coefficients
surface
9 10 11 12 13 14
K: 9.0659E+00  -7.6943E+00  5.6273E+00  -8.6414E-01  1.2678E+01  -1.6683E+01
A: -44660E-01 -6.8126E-02  8.8300E-03  2.9038E-02  -4.2002E-01  -1.8376E-01
B:  -5.2577E-01 -8.0682E-02  6.9130E-02 -7.0416E-02  4.1713E-01  1.4493E-01
C: 2.7293E+00  2.8188E-01  -7.2587E-02  1.2850E-01 -2.6825E-01 -7.6624E-02
D:  -7.5226E+00 -3.8497E-01  5.9421E-02 -1.5877E-01  24638E-02  1.8242E-02
E: 1.0609E+01  3.1046E-01 -1.6465E-02  1.0089E-01  2.2721E-02  -1.5930E-03
F:  -5.6778E+00 -1.1765E-01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
[0087] In the second embodiment, the equation of the wherein the six-piece optical lens system with a wide field

aspheric surface profiles of the aforementioned lens ele-
ments is the same as the equation of the first embodiment.
Also, the definitions of these parameters shown in the
following table are the same as those stated in the first
embodiment with corresponding values for the second
embodiment, so an explanation in this regard will not be
provided again.

[0088] Moreover, these parameters can be calculated from
Table 3 and Table 4 as the following values and satisty the
following conditions:

Embodiment 2

f [mm)] 1.887
Fno 2.2
FOV [deg.] 145
f1/f2 -0.02
f2/13 76.44
f3/f4 -0.44
f4/£5 -1.55
f5/f6 -1.18
f1I/£3 -1.86
2/f4 -33.94
f3/£5 0.69
fa/f6 1.83
f1/£23 -1.89
f23/f45 0.35
f45/16 -2.30
f12/134 -1.31
f34/f56 -1.35
f1/£234 -1.29
f234/56 -1.32
f123/f4 -0.52
f123/45 0.41
f123/f456 1.24
f12/13456 -2.24
V3 -Vv4 34.6
V5 -V6 34.6
f/TL 0.40

[0089] Referring to FIGS. 3A and 3B, FIG. 3A shows a
six-piece optical lens system with a wide field of view in
accordance with a third embodiment of the present inven-
tion, and FIG. 3B shows, in order from left to right, the
image plane curve and the distortion curve of the third
embodiment of the present invention. A six-piece optical
lens system with a wide field of view in accordance with the
third embodiment of the present invention comprises a stop
300 and a lens group. The lens group comprises, in order
from an object side to an image side: a first lens element 310,
a second lens element 320, a third lens element 330, a fourth
lens element 340, a fifth lens element 350, a sixth lens
element 360, an IR cut filter 370, and an image plane 380,

of'view has a total of six lens elements with refractive power.
The stop 300 is disposed between an object-side surface 321
of the second lens element 320 and an image-side surface
332 of the third lens element 330.

[0090] The first lens element 310 with a negative refrac-
tive power has an object-side surface 311 being convex near
an optical axis 390 and the image-side surface 312 being
concave near the optical axis 390, the object-side surface
311 and the image-side surface 312 are aspheric, and the first
lens element 310 is made of plastic material.

[0091] The second lens element 320 with a positive refrac-
tive power has the object-side surface 321 being concave
near the optical axis 390 and an image-side surface 322
being convex near the optical axis 390, the object-side
surface 321 and the image-side surface 322 are aspheric, and
the second lens element 320 is made of plastic material.
[0092] The third lens element 330 with a positive refrac-
tive power has an object-side surface 331 being convex near
the optical axis 390 and an image-side surface 332 being
convex near the optical axis 390, the object-side surface 331
and the image-side surface 332 are aspheric, and the third
lens element 330 is made of plastic material.

[0093] The fourth lens element 340 with a negative refrac-
tive power has an object-side surface 341 being convex near
the optical axis 390 and an image-side surface 342 being
concave near the optical axis 390, the object-side surface
341 and the image-side surface 342 are aspheric, and the
fourth lens element 340 is made of plastic material.

[0094] The fifth lens element 350 with a positive refractive
power has an object-side surface 351 being convex near the
optical axis 390 and an image-side surface 352 being convex
near the optical axis 390, the object-side surface 351 and the
image-side surface 352 are aspheric, and the fifth lens
element 350 is made of plastic material.

[0095] The sixth lens element 360 with a negative refrac-
tive power has an object-side surface 361 being concave
near the optical axis 390 and an image-side surface 362
being concave near the optical axis 390, the object-side
surface 361 and the image-side surface 362 are aspheric, the
sixth lens element 360 is made of plastic material, and at
least one of the object-side surface 361 and the image-side
surface 362 is provided with at least one inflection point.
[0096] The IR cut filter 370 made of glass is located
between the sixth lens element 360 and the image plane 380
and has no influence on the focal length of the six-piece
optical lens system with a wide field of view.

[0097] The detailed optical data of the third embodiment
is shown in table 5, and the aspheric surface data is shown
in table 6.
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TABLE 5
Embodiment 3
f (focal length) = 1.912 mm, Fno = 2.2, FOV = 145 deg.
Curvature Focal
surface Radius Thickness Material Index Abbe# length
0  object infinity infinity
1 infinity 0
2 Lens 1 0.877 (ASP) 0272 plastic 1.544 56 -3.15
3 0.517 (ASP)  0.668
4 lens2 -11.987 (ASP)  0.244 plastic 1.65 214 233.51
5 -11.208 (ASP)  0.035
6  stop infinity 0.002
7  Lens3 2139 (ASP)  0.640 plastic 1.544 56 1.48
8 -1.158 (ASP)  0.026
9  Lens 4 3456 (ASP)  0.235 plastic 1.634 239  -3.45
10 1312 (ASP)  0.152
11 Lens 5 4877 (ASP)  0.929 plastic 1.544 56 1.97
12 -1.292 (ASP)  0.441
13 Lens6 -23.817 (ASP)  0.368 plastic 1.634 239  -2.02
14 1373 (ASP)  0.251
15 IRAfilter infinity 0.210  glass 1.517 64.2 —
16 infinity 0.257
17 Image infinity infinity
plane
TABLE 6
Aspheric Coefficients
surface
2 3 4 5 7 8
K:  -1.5821E+00 -8.9762E-01  3.1561E+02  3.9538E+02 -3.0513E+00  -1.5858E+00
A: —4.9534E-02  -3.3950E-02  -5.7361E-02 -1.1690E-01  -8.8785E-02  -9.7250E-02
B:  -3.6307E-02  1.7464E-01  -1.8207E-01 -1.4259E-01 -4.4975E-02  -5.2890E-01
C: 42120E-03  5.4768E-01  5.2552E-01  1.9392E+00  1.3814E-02  1.6500E-01
D: 1.7140E-03  -6.8276E-01  -1.4485E-01  -3.2098E-01  -4.7825E-01  3.3783E-01
E: 5.5800E-04 -2.0195E-01  1.6793E-01  -1.4500E+01 -5.1366E-01  -4.5128E-02
F: 9.9200E-04  7.8738E-01  4.6997E-01  4.2726E+01  1.2106E+00  -1.3203E+00
surface
9 10 1 12 13 14
K: L.0409E+01  -6.5737E+00  3.2539E-01  -8.7525E-01  3.6082E+02  -9.3767E+00
A: —44939E-01 -1.3627E-01  —6.1480E-03  8.5663E-02  -2.7309E-01  -9.5048E-02
B:  -24826E-02  1.2875E-01 -1.1717E-02 -8.7979E-02  4.2085E-02  1.4529E-02
C: -4.2928E-02 -53011E-02  2.6033E-02  6.4860E-03  -6.6069E-02  -3.6610E-03
D:  -7.0733E-02  3.0473E-02 -6.0630E-03  6.2410E-03  2.0121E-02  2.1600E-04
E: 2.0579E-01  -1.3853E-02  -3.8620E-03  7.9780E-03  3.1220E-03  6.2000E-05
F: 1.2899E-01  3.9400E-04  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
[0098] In the third embodiment, the equation of the -continued
aspheric surface profiles of the aforementioned lens ele-
ments is the same as the equation of the first embodiment. Embodiment 3
Also, the definitions of these parameters shown in the
following table are the same as those stated in the first FOV [deg.] 145
embodiment with corresponding values for the third fuf2 -0.01
: s : : £2/£3 158.16
embodiment, so an explanation in this regard will not be g 043
provided again. P 175
[0099] Moreover, these parameters can be calculated from £5/56 _008
Table 5 and Table 6 as the following values and satisfy the /83 213
following conditions: /4 6771
3/£5 0.75
f4/£6 1.71
Embodiment 3 f1/£23 -2.16
£23/#45 0.44
f [mm] 1912 £5/£6 -1.66
Fno 2.2
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-continued

Embodiment 3

f12/f34 -1.52
f34/£56 -0.86
f1/£234 -1.51
f234/f56 -0.85
f123/f4 -0.53
f123/f45 0.55
f123/f456 1.33
f12/£3456 -2.41
V3 -Vva 32.03
V5 -Vé6 32.03
fITL 0.40

[0100] In the present six-piece optical lens system with a
wide field of view, the lens elements can be made of plastic
or glass. If the lens elements are made of plastic, the cost will
be effectively reduced. If the lens elements are made of
glass, there is more freedom in distributing the refractive
power of the six-piece optical lens system with a wide field
of view. Plastic lens elements can have aspheric surfaces,
which allow more design parameter freedom (than spherical
surfaces), so as to reduce the aberration and the number of
the lens elements, as well as the total track length of the
six-piece optical lens system with a wide field of view.
[0101] In the present six-piece optical lens system with a
wide field of view, if the object-side or the image-side
surface of the lens elements with refractive power is convex
and the location of the convex surface is not defined, the
object-side or the image-side surface of the lens elements
near the optical axis is convex. If the object-side or the
image-side surface of the lens elements is concave and the
location of the concave surface is not defined, the object-side
or the image-side surface of the lens elements near the
optical axis is concave.

[0102] The six-piece optical lens system with a wide field
of view of the present invention can be used in focusing
optical systems and can obtain better image quality. The
six-piece optical lens system with a wide field of view of the
present invention can also be used in electronic imaging
systems, such as, 3D image capturing, digital camera,
mobile device, digital flat panel or vehicle camera.

[0103] While we have shown and described various
embodiments in accordance with the present invention, it
should be clear to those skilled in the art that further
embodiments may be made without departing from the
scope of the present invention.

What is claimed is:

1. A six-piece optical lens system with a wide field of
view, in order from an object side to an image side, com-
prising:

a first lens element with a negative refractive power,
having an object-side surface being convex near an
optical axis and an image-side surface being concave
near the optical axis, at least one of the object-side
surface and the image-side surface of the first lens
element being aspheric;

a second lens element with a positive refractive power,
having an object-side surface being concave near the
optical axis and an image-side surface being convex
near the optical axis, at least one of the object-side
surface and the image-side surface of the second lens
element being aspheric;

a stop;
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a third lens element with a positive refractive power,
having an object-side surface being convex near the
optical axis and an image-side surface being convex
near the optical axis, at least one of the object-side
surface and the image-side surface of the third lens
element being aspheric;

a fourth lens element with a negative refractive power,
having an object-side surface being convex near the
optical axis and an image-side surface being concave
near the optical axis, at least one of the object-side
surface and the image-side surface of the fourth lens
element being aspheric;

a fifth lens element with a positive refractive power,
having an object-side surface being convex near the
optical axis and an image-side surface being convex
near the optical axis, at least one of the object-side
surface and the image-side surface of the fifth lens
element being aspheric; and

a sixth lens element with a negative refractive power,
having an object-side surface being concave near the
optical axis and an image-side surface being concave
near the optical axis, at least one of the object-side
surface and the image-side surface of the sixth lens
element being aspheric and provided with at least one
inflection point.

2. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element is f1, a focal length of the second lens element
is 12, and they satisfy the relation: —0.1<f1/£2<-0.005.

3. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
second lens element is f2, a focal length of the third lens
element is f3, and they satisfy the relation: 25<12/f3<180.

4. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
third lens element is f3, a focal length of the fourth lens
element is f4, and they satisfy the relation: -0.6<f3/f4<-0.
25.

5. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
fourth lens element is f4, a focal length of the fifth lens
element is f5, and they satisfy the relation: —-1.9<f4/f5<-1.3.

6. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the fifth
lens element is {5, a focal length of the sixth lens element is
6, and they satisfy the relation: -1.3<f5/f6<-0.8.

7. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element is f1, a focal length of the third lens element is
3, and they satisfy the relation: -2.3<f1/f3<-1.7.

8. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
second lens element is 2, a focal length of the fourth lens
element is f4, and they satisfy the relation: —70<f2/f4<-15.

9. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
third lens element is 13, a focal length of the fifth lens
element is 5, and they satisfy the relation: 0.5<f3/f5<0.9.

10. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
fourth lens element is f4, a focal length of the sixth lens
element is f6, and they satisfy the relation: 1.5<f4/f6<2.0.

11. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
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lens element is f1, a focal length of the second lens element
and the third lens element combined is 23, and they satisfy
the relation: -2.4<f1/f23<-1.65.

12. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
second lens element and the third lens element combined is
123, a focal length of the fourth lens element and the fifth
lens element combined is f45, and they satisty the relation:
0.15<f23/145<0.6.

13. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
fourth lens element and the fifth lens element combined is
45, a focal length of the sixth lens element is 6, and they
satisfy the relation: —-2.6<f45/f6<-1.4.

14. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element and the second lens element combined is f12,
a focal length of the third lens element and the fourth lens
element combined is 134, and they satisfy the relation:
-1.7<f12/134<-1.1.

15. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
third lens element and the fourth lens element combined is
34, a focal length of the fifth lens element and the sixth lens
element combined is {56, and they satisty the relation:
-1.6<134/156<-0.65.

16. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element is f1, a focal length of the second lens element,
the third lens element and the fourth lens element combined
is 1234, and they satisfy the relation: —1.8<f1/f234<-1.0.

17. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
second lens element, the third lens element and the fourth
lens element combined is £234, a focal length of the fifth lens
element and the sixth lens element combined is £56, and they
satisfy the relation: —1.6<f234/f56<-0.6.

18. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
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lens element, the second lens element and the third lens
element combined is f123, a focal length of the fourth lens
element is f4, and they satisfy the relation: —-0.65<f123/f4<-
0.35.

19. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element, the second lens element and the third lens
element combined is f123, a focal length of the fourth lens
element and the fifth lens element combined is f45, and they
satisfy the relation: 0.2<f123/f45<0.75.

20. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element, the second lens element and the third lens
element combined is f123, a focal length of the fourth lens
element, the fifth lens element and the sixth lens element
combined is 456, and they satisfy the relation: 1.0<f123/
1456<1.55.

21. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the first
lens element and the second lens element combined is f12,
a focal length of the third lens element, the fourth lens
element, the fifth lens element and the sixth lens element
combined is 3456, and they satisfy the relation: —2.7<f12/
3456<-1.95.

22. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein an Abbe number of the
third lens element is V3, an Abbe number of the fourth lens
element is V4, and they satisfy the relation: 30<V3-V4<42.

23. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein an Abbe number of the
fifth lens element is V5, an Abbe number of the sixth lens
element is V6, and they satisfy the relation: 30<V5-V6<42.

24. The six-piece optical lens system with a wide field of
view as claimed in claim 1, wherein a focal length of the
six-piece optical lens system with a wide field of view is f,
a distance from the object-side surface of the first lens
element to an image plane along the optical axis is TL, and
they satisfy the relation: 0.25<f/TT1.<0.6.
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