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(57) ABSTRACT

A wide-angle lens assembly includes a front lens group and
a rear lens group. The front lens group includes a first lens
having negative refractive power and a second lens having
negative refractive power, wherein the first lens is a menis-
cus lens and the second lens includes a concave surface
facing an image side. The rear lens group includes a third
lens having positive refractive power, a fourth lens having
positive refractive power, and a fifth lens having negative
refractive power, wherein the fifth lens includes a concave
surface facing an object side. The wide-angle lens assembly
satisfies: 13.6 mms=f,—1<25.2 mm; wherein f. is an effec-
tive focal length of a lens third close to the image side and
f, is an effective focal length of the first lens.
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WIDE-ANGLE LENS ASSEMBLY
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to a wide-angle lens assem-
bly.

Description of the Related Art
[0002] The current development trend of a wide-angle lens

assembly is toward miniaturization and small F-number.
Additionally, the wide-angle lens assembly is developed to
have light weight and high resolution in accordance with
different application requirements. However, the known
wide-angle lens assembly can’t satisfy such requirements.
Therefore, the wide-angle lens assembly needs a new struc-
ture in order to meet the requirements of miniaturization,
small F-number, light weight, and high resolution at the
same time.

BRIEF SUMMARY OF THE INVENTION

[0003] The invention provides a wide-angle lens assembly
to solve the above problems. The wide-angle lens assembly
of the invention is provided with characteristics of a short-
ened total lens length, a reduced F-number, a reduced
weight, an increased resolution, and still has a good optical
performance.

[0004] The wide-angle lens assembly includes a front lens
group and a rear lens group. The front lens group includes
a first lens having negative refractive power and a second
lens having negative refractive power, wherein the first lens
is a meniscus lens and the second lens includes a concave
surface facing an image side. The rear lens group includes a
third lens having positive refractive power, a fourth lens
having positive refractive power, and a fifth lens having
negative refractive power, wherein the fifth lens includes a
concave surface facing an object side. The first lens, the
second lens, the third lens, the fourth lens, and the fifth lens
are arranged in order from the object side to the image side
along an optical axis. The wide-angle lens assembly satis-
fies: 13.6 mms=f,—f,<25.2 mm; wherein f is an effective
focal length of a lens third close to the image side and f; is
an effective focal length of the first lens.

[0005] In yet another exemplary embodiment, the front
lens group further includes a sixth lens disposed between the
first lens and the second lens.

[0006] Inanother exemplary embodiment, the sixth lens is
with positive refractive power.

[0007] In yet another exemplary embodiment, the sixth
lens includes a convex surface facing the object side and a
concave surface facing the image side.

[0008] In another exemplary embodiment, the sixth lens
includes a concave surface facing the object side and a
convex surface facing the image side.

[0009] In yet another exemplary embodiment, the sixth
lens includes a convex surface facing the object side and
another convex surface facing the image side.

[0010] In another exemplary embodiment, the first lens
includes a convex surface facing the object side and a
concave surface facing the image side, the third lens is a
biconvex lens, the fourth lens is a biconvex lens, and the
wide-angle lens assembly satisfies at least one of the fol-
lowing conditions: -11.2 mms=f+f; =-5.3 mm; -13 mm=f -

Mar. 11, 2021

f=-8 mm; 70=Vd+Vd,=110; 3.1<TTL/T ;=6.4; wherein
is an effective focal length of the wide-angle lens assembly,
1, is an effective focal length of the first lens, f,is an effective
focal length of the front lens group, Vd; is an Abbe number
of a lens second close to the image side, Vd,, is an Abbe
number of a lens closest to the image side, TTL is an interval
from an object side surface of the first lens to an image plane
along the optical axis, and T is a thickness along the optical
axis of a lens second close to the image side.

[0011] In yet another exemplary embodiment, the second
lens further includes a concave surface facing the object
side.

[0012] In another exemplary embodiment, the fifth lens
further includes a concave surface facing the image side.
[0013] In yet another exemplary embodiment, the wide-
angle lens assembly satisfies: —4.2=(f,+1; )/f=-3 wherein f,
is an effective focal length of the first lens, f;, is an effective
focal length of a lens closest to the image side, and f is an
effective focal length of the wide-angle lens assembly.
[0014] In another exemplary embodiment, the wide-angle
lens assembly further includes an air gap disposed between
the fourth lens and the fifth lens.

[0015] In yet another exemplary embodiment, the wide-
angle lens assembly further includes a stop disposed
between the front lens group and the rear lens group.
[0016] In another exemplary embodiment, the fifth lens
further includes a convex surface facing the image side.
[0017] Inyetanother exemplary embodiment, the first lens
includes a convex surface facing the object side and a
concave surface facing the image side, the third lens is a
biconvex lens, and the fourth lens is a biconvex lens.
[0018] In another exemplary embodiment, the wide-angle
lens assembly satisfies: —11.2 mm=f+f;<-5.3 mm; wherein
fis an effective focal length of the wide-angle lens assembly
and f, is an effective focal length of the first lens.

[0019] In yet another exemplary embodiment, the wide-
angle lens assembly satisfies: -13 mm=f~f<-8 mm;
wherein {,.is an effective focal length of the front lens group
and f is an effective focal length of the wide-angle lens
assembly.

[0020] In another exemplary embodiment, the wide-angle
lens assembly satisfies: 70=sVd;+Vd,=<110; wherein Vd,; is
an Abbe number of a lens second close to the image side and
Vd,, is an Abbe number of a lens closest to the image side.
[0021] In yet another exemplary embodiment, the wide-
angle lens assembly satisfies: —-4.2=(f+1) )/f=<-3; wherein f,
is an effective focal length of the first lens, {,, is an effective
focal length of a lens closest to the image side, and f is an
effective focal length of the wide-angle lens assembly.
[0022] In another exemplary embodiment, the wide-angle
lens assembly satisfies: 3.1<TTL/T ;=<6.4; wherein TTL is an
interval from an object side surface of the first lens to an
image plane along the optical axis and T is a thickness
along the optical axis of a lens second close to the image
side.

[0023] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:
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[0025] FIG. 1 is a lens layout and optical path diagram of
a wide-angle lens assembly in accordance with a first
embodiment of the invention;

[0026] FIG. 2A depicts a longitudinal aberration diagram
of the wide-angle lens assembly in accordance with the first
embodiment of the invention;

[0027] FIG. 2B is a field curvature diagram of the wide-
angle lens assembly in accordance with the first embodiment
of the invention:

[0028] FIG. 2C is a distortion diagram of the wide-angle
lens assembly in accordance with the first embodiment of
the invention;

[0029] FIG. 3 is a lens layout and optical path diagram of
a wide-angle lens assembly in accordance with a second
embodiment of the invention:

[0030] FIG. 4A depicts a longitudinal aberration diagram
of the wide-angle lens assembly in accordance with the
second embodiment of the invention;

[0031] FIG. 4B is a field curvature diagram of the wide-
angle lens assembly in accordance with the second embodi-
ment of the invention;

[0032] FIG. 4C is a distortion diagram of the wide-angle
lens assembly in accordance with the second embodiment of
the invention;

[0033] FIG. 5 is a lens layout and optical path diagram of
a wide-angle lens assembly in accordance with a third
embodiment of the invention:

[0034] FIG. 6A depicts a longitudinal aberration diagram
of the wide-angle lens assembly in accordance with the third
embodiment of the invention;

[0035] FIG. 6B is a field curvature diagram of the wide-
angle lens assembly in accordance with the third embodi-
ment of the invention:

[0036] FIG. 6C is a distortion diagram of the wide-angle
lens assembly in accordance with the third embodiment of
the invention.

[0037] FIG. 7 is a lens layout and optical path diagram of
a wide-angle lens assembly in accordance with a fourth
embodiment of the invention:

[0038] FIG. 8A depicts a longitudinal aberration diagram
of the wide-angle lens assembly in accordance with the
fourth embodiment of the invention;

[0039] FIG. 8B is a field curvature diagram of the wide-
angle lens assembly in accordance with the fourth embodi-
ment of the invention;

[0040] FIG. 8C is a distortion diagram of the wide-angle
lens assembly in accordance with the fourth embodiment of
the invention.

[0041] FIG. 9 is a lens layout and optical path diagram of
a wide-angle lens assembly in accordance with a fifth
embodiment of the invention;

[0042] FIG. 10A depicts a longitudinal aberration diagram
of the wide-angle lens assembly in accordance with the fifth
embodiment of the invention;

[0043] FIG. 10B is a field curvature diagram of the wide-
angle lens assembly in accordance with the fifth embodi-
ment of the invention; and

[0044] FIG. 10C is a distortion diagram of the wide-angle
lens assembly in accordance with the fifth embodiment of
the invention.

Mar. 11, 2021

DETAILED DESCRIPTION OF THE
INVENTION

[0045] The following description is made for the purpose
of illustrating the general principles of the invention and
should not be taken in a limiting sense. The scope of the
invention is best determined by reference to the appended
claims.

[0046] The present invention provides a wide-angle lens
assembly including a front lens group and a rear lens group.
The front lens group includes a first lens having negative
refractive power and a second lens having negative refrac-
tive power, wherein the first lens is a meniscus lens and the
second lens includes a concave surface facing an image side.
The rear lens group includes a third lens having positive
refractive power, a fourth lens having positive refractive
power, and a fifth lens having negative refractive power,
wherein the fifth lens includes a concave surface facing an
object side. The first lens, the second lens, the third lens, the
fourth lens, and the fifth lens are arranged in order from the
object side to the image side along an optical axis. The
wide-angle lens assembly satisfies: —4.2<(f+f))/{=-3;
wherein f, is an effective focal length of a lens closest to the
image side, f; is an effective focal length of the first lens, and
fis an effective focal length of the wide-angle lens assembly.
[0047] Referring to Table 1, Table 2, Table 4. Table 5,
Table 7, Table 8, Table 10, Table 11, Table 13, and Table 4,
wherein Table 1, Table 4, Table 7, Table 10, and Table 13
show optical specification in accordance with a first, second,
third fourth, and fitth embodiments of the invention respec-
tively and Table 2, Table 5, Table 8, Table 11, and Table 14
show aspheric coeflicients of each aspheric lens in Table 1,
Table 4, Table 7, Table 10, and Table 13 respectively.
[0048] FIG. 1, FIG. 3, FIG. 5, FIG. 7, and FIG. 9 are lens
layout and optical path diagrams of the wide-angle lens
assemblies in accordance with the first, second, third, fourth,
and fifth embodiments of the invention respectively.
[0049] The first lenses [L11, .21, L31, [41, L51 are
meniscus lenses with negative refractive power and made of
plastic material, wherein the object side surfaces S11, S21,
S31, S41, S51 are convex surfaces, the image side surfaces
S12, S22, S32, S42, S52 are concave surfaces, the object
side surfaces S11, S21, S31, S41, S51 and the image side
surfaces S12, S22, S32, S42, S52 are aspheric surfaces.
[0050] The second lenses .12, .22, [.32, [.42, [.52 are
with negative refractive power and made of plastic material,
wherein the image side surfaces S16, S26, S36, S46, S54 are
concave surfaces and the image side surfaces S16, S26, S36,
S46, S54 are aspheric surfaces.

[0051] The third lenses .13, 1.23, .33, 143, 153 are
biconvex lenses with positive refractive power and made of
plastic material, wherein the object side surfaces S18, S28,
S38, S48, S56 are convex surfaces, the image side surfaces
S19, 829, S39, S49, S57 are convex surfaces, and the object
side surfaces S18, S28, S38, S48, S56 and the image side
surfaces S19, S29, S39, S49, S57 are aspheric surfaces.
[0052] The fourth lenses .14, 1.24, 1.34, [.44, .54 are
biconvex lenses with positive refractive power and made of
plastic material, wherein the object side surfaces S110,
S210, S310, S410, S58 are convex surfaces and the image
side surfaces S11, S211, S311, S411, S59 are convex sur-
faces.

[0053] The fifth lenses .15, 1.25, L35, L45, 155 are with
negative refractive power and made of plastic material,
wherein the object side surfaces S112, S212, S312, S412,
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S510 are concave surfaces and the object side surfaces S112,
S212, S312, S412, S510 and the image side surfaces S113,
S213, S313, S413, S511 are aspheric surfaces.

[0054] The sixth lenses [16, [.26, .36, [.46 are with
positive refractive power and made of plastic material,
wherein the object side surfaces S13, S23, S33, S43 are
aspheric surfaces.

[0055] In addition, the wide-angle lens assemblies 1, 2, 3,
4, 5 satisty at least one of the following conditions:

—4.25(ff )f<=3; (6]
~11.2 mmsfif;=-5.3 mm; )
-13 mmsfj-f<-8 mm; S}
T0=Vd g+ Vidy=110; “@
13.6 mmsfy—f;=25.2 mm; )
3.1sTTL/T=6.4; 6
[0056] wherein f, is an effective focal length of the first

lenses 111, L.21, L.31, 141, L51 for the first to fifth embodi-
ments, f;,is an effective focal length of the lenses [.15, 1.25,
L35, .45, 155 which are closest to the image side for the
first to fifth embodiments, f,is an effective focal length of the
front lens groups LG1,, LG2., LG3., LG4, LG5, for the
first to fifth embodiments, fis an effective focal length of the
lenses 1.13, 1.23, .33, 43, L53 which are third close to the
image side for the first to fifth embodiments, f'is an effective
focal length of the wide-angle lens assemblies 1, 2, 3, 4, 5
for the first to fifth embodiments, Vd,, is an Abbe number of
the lenses 115, L.25, L35, .45, .55 which are closest to the
image side for the first to fifth embodiments, Vd ; is an Abbe
number of the lenses .14, 1.24. 1.34, .44, 1.54 which are
second close to the image side for the first to fitth embodi-
ments, TTL is an interval from the object side surfaces S1,
S21, S31, S41. S51 of the first lenses 111, L.21, 131, L41,
L51 to the image planes IMA1, IMA2, IMA3, IMA4, IMAS
along the optical axes OA1, OA2, OA3, OA4, OAS respec-
tively for the first to fifth embodiments, and T ; is a thickness
of the lenses .14, 1.24, .34, 144, .54 which are second
close to the image side along the optical axes OAl, OA2,
OA3, OA4, OAS for the first to fifth embodiments. With the
wide-angle lens assemblies 1, 2, 3, 4, 5 satisfying at least one
of the above conditions (1)-(6), the total lens length can be
effectively shortened, the F-number can be effectively
reduced, the weight can be effectively reduced, the resolu-
tion can be effectively increased, the aberration can be
effectively corrected, and the chromatic aberration can be
effectively corrected.

[0057] A detailed description of a wide-angle lens assem-
bly in accordance with a first embodiment of the invention
is as follows. Referring to FIG. 1, the wide-angle lens
assembly 1 includes a front lens group LG1, a stop ST1, a
rear lens group LG1,, and an optical filter OF1, all of which
are arranged in order from an object side to an image side
along an optical axis OAl. The front lens group LGl
includes a first lens .11, a sixth lens 1.16, and a second lens
L12. The rear lens group L.G1; includes a third lens .13, a
fourth lens [.14, and a fifth lens [.15. In operation, an image
of' light rays from the object side is formed at an image plane
IMAL.

[0058] According to paragraphs [0040]-[0048], wherein:
the second lens [.12 is a biconcave lens, wherein the object
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side surface S15 is a concave surface and the object side
surface S15 is an aspheric surface; the object side surface
S110 and image side surface S11 of the fourth lens [.14 are
spherical surfaces; the fifth lens 1.15 is a meniscus lens,
wherein the image side surface S113 is a convex surface; the
sixth lens .16 is a meniscus lens, wherein the object side
surface S13 is a concave surface, the image side surface S14
is a convex surface, and the image side surface S14 is an
aspheric surface; and both of the object side surface S114
and image side surface S115 of the optical filter OF1 are
plane surfaces.

[0059] With the above design of the lenses, stop ST1, and
at least any one of the conditions (1)-(6) satisfied, the
wide-angle lens assembly 1 can have an effective shortened
total lens length, an effective reduced F-number, an effective
reduced weight, an effective increased resolution, an effec-
tive corrected aberration, and is capable of an effective
corrected chromatic aberration.

[0060] Table 1 shows the optical specification of the
wide-angle lens assembly 1 in FIG. 1.

TABLE 1

Effective Focal Length = 3.765 mm F-number = 2.4
Total Lens Length = 12.0565 mm Field of View = 106 Degrees

Radius of Effective

Surface Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

S11 5.51 0.50 1.5 55 -9.34 Front Lens
Group LGl
The First
Lens L11

S12 2.46 1.49

S13 -16.75 1.58 1.6 20 14.01 Front Lens
Group LGl
The Sixth
Lens L16

S14 -5.85 0.84

S15 -3791 0.52 1.6 20 -6.02 Front Lens
Group LGl
The Second
Lens L12

S16 4.08 0.21

S17 o 0.09 Stop ST1

S18 6.32 0.67 1.5 55 4.86 Rear Lens
Group LGl,
The Third
Lens L13

S19 -3.84 0.10

S110 4.22 2.48 1.5 80 5.13 Rear Lens
Group LG1g
The Fourth
Lens L14

S111 -5.30 2.28

S112 -2.32 0.47 1.6 24 -4.45 Rear Lens
Group LGl,
The Fifth
Lens L15

S113 -17.68 0.22

S114 o 0.21 15 64 Optical Filter
OF1

S115 o 0.43

[0061] The aspheric surface sag z of each aspheric lens in

table 1 can be calculated by the following formula:
z=ch?{1+[1-(k+1)Ph?] | o }+AH*+BRO+CHE
where ¢ is curvature, his the vertical distance from the lens

surface to the optical axis k is conic constant and A, B, and
C are aspheric coeflicients.
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[0062] In the first embodiment, the conic constant k and
the aspheric coefficients A, B, C of each aspheric lens are
shown in Table 2.

TABLE 2

Surface

Number k A B C

s11 0 -8.10E-03 4.60E-04 ~8.92E-06
S12 0 ~7.48E-03 3.52E-04 -5.01E-05
S13 0 3.87E-03 -6.56E-04 ~5.00E-05
S14 0 1.08E-02 -2.21E-03 2.01E-04
S15 0 ~1.14E-02 2.14E-03 0.00E+00
S16 0 ~2.85E-02 5.97E-03 0.00E+00
S18 0 ~1.22E-02 1.15E-03 0.00E+00
S19 0 ~6.16E-04 ~7.03E-04 0.00E+00
S112 0 ~1.94E-02 2.95E-03 —2.70E-04
S113 0 ~2.03E-02 1.83E-03 ~7.28E-05

[0063] Table 3 shows the parameters and condition values

for conditions (1)-(6) in accordance with the first embodi-
ment of the invention. It can be seen from Table 3 that the
wide-angle lens assembly 1 of the first embodiment satisfies
the conditions (1)-(6).
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surface S25 is an aspheric surface; the object side surface
S210 and image side surface S211 of the fourth lens 1.24 are
spherical surfaces; the fifth lens 1.25 is a biconcave lens,
wherein the image side surface S213 is a concave surface;
the sixth lens [.26 is a biconvex lens, wherein the object side
surface S23 is a convex surface, the image side surface S24
is a convex surface, and the image side surface S24 is an
aspheric surface; and both of the object side surface S214
and image side surface S215 of the optical filter OF2 are
plane surfaces.

[0071] With the above design of the lenses, stop ST2, and
at least any one of the conditions (1)-(6) satisfied, the
wide-angle lens assembly 2 can have an effective shortened
total lens length, an effective reduced F-number, an effective
reduced weight, an effective increased resolution, an effec-
tive corrected aberration, and is capable of an effective
corrected chromatic aberration.

[0072] Table 4 shows the optical specification of the
wide-angle lens assembly 2 in FIG. 3.

TABLE 3
fr -4.346 mm
(fr + £/ -3.663  f+f -558 mm  f-f -8.111 mm
Vdg + Vdy 104 fx- 1) 1420 mm  TTL/Tg 4.88
[0064] By the above arrangements of the lenses and stop TABLE 4

ST1, the wide-angle lens assembly 1 of the first embodiment
can meet the requirements of optical performance as seen in
FIGS. 2A-2C.

[0065] It can be seen from FIG. 2A that the longitudinal
aberration in the wide-angle lens assembly 1 of the first
embodiment ranges from -0.004 mm to 0.011 mm.

[0066] It can be seen from FIG. 2B that the field curvature
of tangential direction and sagittal direction in the wide-
angle lens assembly 1 of the first embodiment ranges from
-0.015 mm to 0.005 mm.

[0067] It can be seen from FIG. 2C that the distortion in
the wide-angle lens assembly 1 of the first embodiment
ranges from -7% to (o.

[0068] It is obvious that the longitudinal aberration, the
field curvature, and the distortion of the wide-angle lens
assembly 1 of the first embodiment can be corrected effec-
tively. Therefore, the wide-angle lens assembly 1 of the first
embodiment is capable of good optical performance.
[0069] Referring to FIG. 3, FIG. 3 is a lens layout and
optical path diagram of a wide-angle lens assembly in
accordance with a second embodiment of the invention. The
wide-angle lens assembly 2 includes a front lens group
LG2, a stop ST2, a rear lens group LG2,, and an optical
filter OF2, all of which are arranged in order from an object
side to an image side along an optical axis OA2. The front
lens group LG2, includes a first lens [.21, a sixth lens 1.26,
and a second lens [.22. The rear lens group L.G2 includes
a third lens 1.23, a fourth lens .24, and a fifth lens [.25. In
operation, an image of light rays from the object side is
formed at an image plane IMA2.

[0070] According to paragraphs [0040]-[0048], wherein:
the second lens [.22 is a biconcave lens, wherein the object
side surface S25 is a concave surface and the object side

Effective Focal Length = 5.1885 mm F-number = 2.0
Total Lens Length = 16.783 mm Field of View = 96.8 Degrees

Radius of Effective

Surface Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

S21 8.76 0.75 1.5 55 -16.1074  Front Lens
Group LG25
The First
Lens L.21

S22 4.09 1.44

S23 48.02 2.59 1.6 20  20.2562  Front Lens
Group LG25
The Sixth
Lens L.26

S24 -16.24 1.04

S25 -10.04 0.76 1.6 20 -8.5456  Front Lens
Group LG25
The Second
Lens L.22

S26 11.08 0.70

827 @ 0.09 Stop ST2

S28 10.56 1.00 1.5 55 6.94203 Rear Lens
Group LG25
The Third
Lens 123

S29 -5.05 0.09

S210 5.21 4.23 1.5 70 6.681197 Rear Lens
Group LG2,
The Fourth
Lens L.24

S211 -6.87 2.22

S212 -3.35 0.94 1.6 24  -5.37285 Rear Lens
Group LG25
The Fifth
Lens L25
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TABLE 4-continued

Effective Focal Length = 5.1885 mm F-number = 2.0
Total Lens Length = 16.783 mm Field of View = 96.8 Degrees

Radius of Effective
Surface Curvature Thickness Focal Length
Number (mm) (mm) Nd vd (mm) Remark
S213 146.42 0.29
S214 ] 0.21 1.5 64 Optical Filter
OF2
S215 ] 0.43
[0073] The definition of aspheric surface sag z of each

aspheric lens in table 4 is the same as that of in Table 1, and
is not described here again.

[0074] In the second embodiment, the conic constant k
and the aspheric coefficients A, B, C of each aspheric lens
are shown in Table 5.

TABLE 5

Surface

Number k A B C
s21 0 -2.41E-03 5.34E-05 -2.97E-07
$22 0 ~2.63E-03 2.60E-05 ~2.97E-06
$23 0 5.58E-05 -5.21E-05 ~2.72E-06
$24 0 7.17E-04 ~1.72E-04 3.96E-06
$25 0 -2.85E-03 1.42E-05 0.00E+00
$26 0 ~2.92E-03 2.67E-04 0.00E+00
$28 0 -1.75E-03 -5.57E-05 0.00E+00
$29 0 -5.51E-05 ~7.57E-05 0.00E+00
$212 0 -9.93E-03 6.04E-04 -4.62E-06
$213 0 ~6.44E-03 1.06E-04 7.44E-06

[0075] Table 6 shows the parameters and condition values

for conditions (1)-(6) in accordance with the second embodi-
ment of the invention. It can be seen from Table 6 that the
wide-angle lens assembly 2 of the second embodiment
satisfies the conditions (1)-(6).
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[0081] Referring to FIG. 5, FIG. 5 is a lens layout and
optical path diagram of a wide-angle lens assembly in
accordance with a third embodiment of the invention. The
wide-angle lens assembly 3 includes a front lens group
LG3,, a stop ST3, a rear lens group LG3,, and an optical
filter OF3, all of which are arranged in order from an object
side to an image side along an optical axis OA3. The front
lens group L.G3 includes a first lens [.31, a sixth lens [.36,
and a second lens [.32. The rear lens group L.G3 includes
a third lens 133, a fourth lens .34, and a fifth lens L35. In
operation, an image of light rays from the object side is
formed at an image plane IMA3.

[0082] According to paragraphs [0040]-[0048], wherein:
the second lens 1.32 is a biconcave lens, wherein the object
side surface S35 is a concave surface and the object side
surface S35 is an aspheric surface; the object side surface
S310 and image side surface S311 of the fourth lens 1.34 are
spherical surfaces; the fifth lens 1.35 is a meniscus lens,
wherein the image side surface S313 is a convex surface; the
sixth lens [.36 is a meniscus lens, wherein the object side
surface S33 is a convex surface, the image side surface S34
is a concave surface, and the image side surface S34 is an
aspheric surface; and both of the object side surface S314
and image side surface S315 of the optical filter OF3 are
plane surfaces.

[0083] With the above design of the lenses, stop ST3, and
at least any one of the conditions (1)-(6) satisfied, the
wide-angle lens assembly 3 can have an effective shortened
total lens length, an effective reduced F-number, an effective
reduced weight, an effective increased resolution, an effec-
tive corrected aberration, and is capable of an effective
corrected chromatic aberration.

[0084] Table 7 shows the optical specification of the
wide-angle lens assembly 3 in FIG. 5.

TABLE 6
f -7.14 mm
(f + f)/f -4.14 f+f -10.92 mm  f-f -12.3285 mm
Vdg + Vdg 94 fx- 1 2305 mm  TTL/Tg 3.967
[0076] By the above arrangements of the lenses and stop TABLE 7

ST2, the wide-angle lens assembly 2 of the second embodi-
ment can meet the requirements of optical performance as
seen in FIGS. 4A-4C.

[0077] It can be seen from FIG. 4A that the longitudinal
aberration in the wide-angle lens assembly 2 of the second
embodiment ranges from —0.004 mm to 0.015 mm.

[0078] It can be seen from FIG. 4B that the field curvature
of tangential direction and sagittal direction in the wide-
angle lens assembly 2 of the second embodiment ranges
from -0.02 mm to 0.005 mm.

[0079] It can be seen from FIG. 4C that the distortion in
the wide-angle lens assembly 2 of the second embodiment
ranges from -9% to 1%.

[0080] It is obvious that the longitudinal aberration, the
field curvature, and the distortion of the wide-angle lens
assembly 2 of the second embodiment can be corrected
effectively. Therefore, the wide-angle lens assembly 2 of the
second embodiment is capable of good optical performance.

Effective Focal Length = 5.284 mm F-number = 2.0
Total Lens Length = 16.856 mm Field of View = 100 Degrees

Radius of Effective

Surface Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

S31 20.03 1.11 1.5 55 -10.9374 Front Lens
Group LG3x
The First
Lens L31

S32 4.23 0.55

S33 8.95 2.66 1.6 20 18.7322  Front Lens
Group LG3x
The Sixth
Lens L36

S34 36.97 0.44
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TABLE 7-continued

Effective Focal Length = 5.284 mm F-number = 2.0
Total Lens Length = 16.856 mm Field of View = 100 Degrees

Radius of Effective

Surface Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

S35 -7.02 1.89 1.6 20 -7.2486 Front Lens
Group LG3x
The Second
Lens 132

S36 13.05 0.21

S37 @ 0.06 Stop ST3

S38 5.55 1.19 1.5 55 5.90902  Rear Lens
Group LG35
The Third
Lens L33

S39 -5.93 0.09

S310 4.46 5.18 1.5 55 6.776642 Rear Lens
Group LG35
The Fourth
Lens L34

S311 -8.80 1.96

S312 -3.14 0.54 1.6 20 -5.45901 Rear Lens
Group LG3
The Fifth
Lens L35

S313 -60.37 0.17

S314 @ 0.26 1.5 64 Optical Filter
OF3

S315 @ 0.53

[0085] The definition of aspheric surface sag z of each

aspheric lens in table 7 is the same as that of in Table 1, and
is not described here again.

[0086] In the third embodiment, the conic constant k and
the aspheric coefficients A, B, C of each aspheric lens are
shown in Table 8.

TABLE 8

Surface

Number k A B C
S31 0 -3.19E-03 1.19E-04 ~1.74E-06
$32 0 ~3.79E-03 1.05E-04 2.08E-06
$33 0 ~2.01E-04 4.54E-05 -3.37E-06
S34 0 -4.97E-04 2.43E-05 ~7.34E-06
S35 0 -6.25E-05 -8.35E-05 0.00E+00
S36 0 1.02E-03 ~3.65E-04 0.00E+00
$38 0 1.37E-03 ~2.04E-04 0.00E+00
$39 0 1.71E-03 1.40E-04 0.00E+00
S310 0 -1.23E-03 -1.25E-04 0.00E+00
S311 0 1.19E-03 2.22E-04 0.00E+00
S312 0 -5.06E-03 1.49E-03 ~5.66E-05
S313 0 —8.89E-03 7.18E-04 ~1.69E-05

[0087] Table 9 shows the parameters and condition values

for conditions (1)-(6) in accordance with the third embodi-
ment of the invention. It can be seen from Table 9 that the
wide-angle lens assembly 3 of the third embodiment satisfies
the conditions (1)-(6).

TABLE 9
f -5.248 mm
(£ + £/ -3.103  f+f; -5.65 mm f,- f -10.532 mm
Vdg + Vdg 75 fr = 1) 16.85 mm TTL/Tg 3.251
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[0088] By the above arrangements of the lenses and stop
ST3, the wide-angle lens assembly 3 of the third embodi-
ment can meet the requirements of optical performance as
seen in FIGS. 6A-6C.

[0089] It can be seen from FIG. 6A that the longitudinal
aberration in the wide-angle lens assembly 3 of the third
embodiment ranges from -0.001 mm to 0.01 mm.

[0090] It can be seen from FIG. 6B that the field curvature
of tangential direction and sagittal direction in the wide-
angle lens assembly 3 of the third embodiment ranges from
-0.015 mm to 0.005 mm.

[0091] It can be seen from FIG. 6C that the distortion in
the wide-angle lens assembly 3 of the third embodiment
ranges from -14% to 0%.

[0092] It is obvious that the longitudinal aberration, the
field curvature, and the distortion of the wide-angle lens
assembly 3 of the third embodiment can be corrected
effectively. Therefore, the wide-angle lens assembly 3 of the
third embodiment is capable of good optical performance.

[0093] Referring to FIG. 7, FIG. 7 is a lens layout and
optical path diagram of a wide-angle lens assembly in
accordance with a fourth embodiment of the invention. The
wide-angle lens assembly 4 includes a front lens group
LG4y, a stop ST4, a rear lens group LG4y, and an optical
filter OF4, all of which are arranged in order from an object
side to an image side along an optical axis OA4. The front
lens group [.G4 includes a first lens [.41, a sixth lens [.46,
and a second lens [.42. The rear lens group LG4 includes
a third lens 143, a fourth lens 44, and a fifth lens L45. In
operation, an image of light rays from the object side is
formed at an image plane IMA4.

[0094] According to paragraphs [0040]-[0048], wherein:
the second lens 1.42 is a biconcave lens, wherein the object
side surface S45 is a concave surface and the object side
surface S45 is a spherical surface; the object side surface
S410 and image side surface S411 of the fourth lens 1.44 are
spherical surfaces; the fifth lens 1.45 is a biconcave lens,
wherein the image side surface S413 is a concave surface;
the sixth lens [.46 is a biconvex lens, wherein the object side
surface S43 is a convex surface, the image side surface S44
is a convex surface, and the image side surface S44 is a
spherical surface; and both of the object side surface S414
and image side surface S415 of the optical filter OF4 are
plane surfaces.

[0095] With the above design of the lenses, stop ST4, and
at least any one of the conditions (1)-(6) satisfied, the
wide-angle lens assembly 4 can have an effective shortened
total lens length, an effective reduced F-number, an effective
reduced weight, an effective increased resolution, an effec-
tive corrected aberration, and is capable of an effective
corrected chromatic aberration.

[0096] Table 10 shows the optical specification of the
wide-angle lens assembly 4 in FIG. 7.

TABLE 10

Effective Focal Length = 5.125 mm F-number = 2.4
Total Lens Length = 16.66 mm Field of View = 106 Degrees

Radius of Effective
Surface Curvature Thickness Focal Length
Number (mm) (mm) Nd vd (mm) Remark
S41 8.76 0.75 1.5 55 -15.8274 Front Lens
Group LG4
The First
Lens L41

S42 4.09 1.44
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TABLE 10-continued

Effective Focal Length = 5.125 mm F-number = 2.4
Total Lens Length = 16.66 mm Field of View = 106 Degrees

Radius of Effective

Surface Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

543 48.02 2.59 1.6 20 23.4839 Front Lens
Group LG4
The Sixth
Lens L46

S44 -16.24 1.04

S45 -10.04 0.76 1.6 20 -9.7491 Front Lens
Group LG4y
The Second
Lens 142

S46 11.08 0.70

547 o 0.09 Stop ST4

548 10.56 1.00 1.5 55 8.84346  Rear Lens
Group LG4,
The Third
Lens 143

549 -5.05 0.09

S410 5.21 4.23 1.5 70 5.546138 Rear Lens
Group LG4
The Fourth
Lens L44

S411 -6.87 2.22

S412 -3.35 0.94 1.6 24 -4.94463 Rear Lens
Group LG4,
The Fifth
Lens 145

S413 146.42 0.29

5414 o 0.21 1.5 64 Optical Filter
OF4

S415 o 0.43

[0097] The definition of aspheric surface sag z of each

aspheric lens in table 10 is the same as that of in Table 1, and
is not described here again.

[0098] In the fourth embodiment, the conic constant k and
the aspheric coefficients A, B, C of each aspheric lens are
shown in Table 11.

TABLE 11

Surface

Number k A B C
s41 0 -1.23E-03 6.29E-06 0.00E+00
S42 0 ~1.02E-03 -5.56E-06 0.00E+00
$43 0 -9.52E-04 -2.87E-05 0.00E+00
S46 0 1.25E-03 -3.30E-04 1.48E-05
S48 0 ~4.30E-04 -2.21E-04 0.00E+00
S49 0 ~3.74E-05 2.02E-04 0.00E+00
S412 0 -6.18E-03 4.74E-04 0.00E+00
S413 0 ~6.64E-03 0.00E+00 0.00E+00

[0099] Table 12 shows the parameters and condition val-

ues for conditions (1)-(6) in accordance with the fourth
embodiment of the invention. It can be seen from Table 12
that the wide-angle lens assembly 4 of the fourth embodi-
ment satisfies the conditions (1)-(6).

TABLE 12
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[0100] By the above arrangements of the lenses and stop
ST4, the wide-angle lens assembly 4 of the fourth embodi-
ment can meet the requirements of optical performance as
seen in FIGS. 8A-8C.

[0101] It can be seen from FIG. 8A that the longitudinal
aberration in the wide-angle lens assembly 4 of the fourth
embodiment ranges from -0.002 mm to 0.002 mm.

[0102] It can be seen from FIG. 8B that the field curvature
of tangential direction and sagittal direction in the wide-
angle lens assembly 4 of the fourth embodiment ranges from
-0.02 mm to 0.005 mm.

[0103] It can be seen from FIG. 8C that the distortion in
the wide-angle lens assembly 4 of the fourth embodiment
ranges from -16% to 1%.

[0104] It is obvious that the longitudinal aberration, the
field curvature, and the distortion of the wide-angle lens
assembly 4 of the fourth embodiment can be corrected
effectively. Therefore, the wide-angle lens assembly 4 of the
fourth embodiment is capable of good optical performance.

[0105] Referring to FIG. 9, FIG. 9 is a lens layout and
optical path diagram of a wide-angle lens assembly in
accordance with a fifth embodiment of the invention. The
wide-angle lens assembly 5 includes a front lens group
LG5, a stop ST5, a rear lens group LG5,, and an optical
filter OF5, all of which are arranged in order from an object
side to an image side along an optical axis OAS. The front
lens group LG5 includes a first lens .51 and a second lens
L52. The rear lens group LG5, includes a third lens .53, a
fourth lens [.54, and a fifth lens [.55. In operation, an image
of' light rays from the object side is formed at an image plane
IMAS.

[0106] According to paragraphs [0040]-[0048], wherein:
the second lens [.52 is a meniscus lens, wherein the object
side surface S53 is a convex surface and the object side
surface S53 is an aspheric surface; the object side surface
S58 and image side surface S59 of the fourth lens [.54 are
spherical surfaces; the fifth lens 155 is a meniscus lens,
wherein the image side surface S511 is a convex surface; and
both of the object side surface S512 and image side surface
S513 of the optical filter OF5 are plane surfaces.

[0107] With the above design of the lenses, stop ST5, and
at least any one of the conditions (1)-(6) satisfied, the
wide-angle lens assembly 5 can have an effective shortened
total lens length, an effective reduced F-number, an effective
reduced weight, an effective increased resolution, an effec-
tive corrected aberration, and is capable of an effective
corrected chromatic aberration.

[0108] Table 13 shows the optical specification of the
wide-angle lens assembly 5 in FIG. 9.

fr -7.335 mm
(£ + £/ -4.053 f+f,
Vdg + Vdg 107 fr = 1)

-10.70 mm f-f
24.67 mm TTL/Tg

-12.46 mm
5.276
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TABLE 13

EffectiveFocal Length = 4.047 mm F-number = 2.41
Total Lens Length = 12.01 mm Field of View = 106 Degrees

Radius of Effective

Surface  Curvature Thickness Focal Length

Number (mm) (mm) Nd vd (mm) Remark

S51 7.01 0.60 1.5 55 -10.7689  Front Lens
Group LG5z
The First
Lens L51

S52 2.97 143

S53 50.20 3.22 1.66 21 -10.941 Front Lens
Group LG55
The second
Lens L52

S54 6.22 0.17

S55 o 0.10 Stop STS

S56 497 0.58 15 55 5.0853  Rear Lens
Group LG55
The Third
Lens L53

S57 -5.05 0.10

S58 4.44 1.89 15 82 4.762361 Rear Lens
Group LG5
The Fourth
Lens L54

S59 -4.44 2.42

S510 -2.00 0.68 1.6 26 -3.98219 Rear Lens
Group LG55
The Fifth
Lens L55

S511 -13.16 0.19

S512 o 0.21 15 ¢4 Optical Filter
OF5

S513 o 0.43

[0109] The definition of aspheric surface sag z of each

aspheric lens in table 13 is the same as that of in Table 1, and
is not described here again.

[0110] In the fifth embodiment, the conic constant k and
the aspheric coefficients A, B, C of each aspheric lens are
shown in Table 14.

TABLE 14

Surface

Number k A B C
s51 0 -3.50E-03 2.48E-05 0.00E+00
s52 0 -2.87E-03 -1.58E-04 0.00E+00
53 0 -3.27E-03 -2.67E-04 0.00E+00
S54 0 3.82E-03 ~2.30E-03 3.32E-04
S56 0 2.30E-03 -3.13E-03 0.00E+00
S57 0 2.20E-03 -9.33E-04 0.00E+00
S510 0 -1.49E-02 3.57E-04 0.00E+00
S511 0 -1.51E-02 0.00E+00 0.00E+00

[0111] Table 15 shows the parameters and condition val-

ues for conditions (1)-(6) in accordance with the fifth
embodiment of the invention. It can be seen from Table 15
that the wide-angle lens assembly 5 of the fifth embodiment
satisfies the conditions (1)-(6).

TABLE 15
f -4.695 mm
(£ + £/ -3.645 f+f, -6.72 mm f,- f -8.742 mm
Vdg + Vdg 108 fr = 1) 15.85 mm TTL/Tg 6.36
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[0112] By the above arrangements of the lenses and stop
ST5, the wide-angle lens assembly 5 of the fifth embodiment
can meet the requirements of optical performance as seen in
FIGS. 10A-10C.

[0113] It can be seen from FIG. 10A that the longitudinal
aberration in the wide-angle lens assembly 5 of the fifth
embodiment ranges from -0.005 mm to 0.025 mm.

[0114] It can be seen from FIG. 10B that the field curva-
ture of tangential direction and sagittal direction in the
wide-angle lens assembly 5 of the fifth embodiment ranges
from -0.025 mm to 0.005 mm.

[0115] It can be seen from FIG. 10C that the distortion in
the wide-angle lens assembly 5 of the fifth embodiment
ranges from -14% to 1%.

[0116] It is obvious that the longitudinal aberration, the
field curvature, and the distortion of the wide-angle lens
assembly 5 of the fifth embodiment can be corrected effec-
tively. Therefore, the wide-angle lens assembly 5 of the fifth
embodiment is capable of good optical performance.

[0117] While the invention has been described by way of
example and in terms of the preferred embodiment(s), it is
to be understood that the invention is not limited thereto. On
the contrary, it is intended to cover various modifications
and similar arrangements and procedures, and the scope of
the appended claims therefore should be accorded the broad-
est interpretation so as to encompass all such modifications
and similar arrangements and procedures.

What is claimed is:

1. A wide-angle lens assembly comprising:

a front lens group; and

a rear lens group;

wherein the front lens group comprises a first lens having
negative refractive power and a second lens having
negative refractive power, wherein the first lens is a
meniscus lens and the second lens comprises a concave
surface facing an image side;

wherein the rear lens group comprises a third lens having
positive refractive power, a fourth lens having positive
refractive power, and a fifth lens having negative
refractive power, wherein the fifth lens comprises a
concave surface facing an object side;

wherein the first lens, the second lens, the third lens, the
fourth lens, and the fifth lens are arranged in order from
the object side to the image side along an optical axis;

wherein the wide-angle lens assembly satisfies:

13.6 mmsfr—f1<25.2 mm;

wherein f;. is an effective focal length of a lens third close
to the image side and f; is an effective focal length of
the first lens.

2. The wide-angle lens assembly as claimed in claim 1,
wherein the front lens group further comprises a sixth lens
disposed between the first lens and the second lens.

3. The wide-angle lens assembly as claimed in claim 2,
wherein the sixth lens is with positive refractive power.

4. The wide-angle lens assembly as claimed in claim 3,
wherein the sixth lens comprises a convex surface facing the
object side and a concave surface facing the image side.

5. The wide-angle lens assembly as claimed in claim 3,
wherein the sixth lens comprises a concave surface facing
the object side and a convex surface facing the image side.
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6. The wide-angle lens assembly as claimed in claim 3,
wherein the sixth lens comprises a convex surface facing the
object side and another convex surface facing the image
side.

7. The wide-angle lens assembly as claimed in claim 3,
wherein:

the first lens comprises a convex surface facing the object

side and a concave surface facing the image side;

the third lens is a biconvex lens;

the fourth lens is a biconvex lens; and

the wide-angle lens assembly satisfies at least one of the

following conditions:

-11.2 mms=f+f,=-5.3 mm;
-13 mmsf-/<-8 mm;
T0=Vd o+ Vdy=110:

3.1<TTL/T5=6.4:

wherein f is an effective focal length of the wide-angle
lens assembly, f, is an effective focal length of the first
lens, f,is an effective focal length of the front lens
group, Vd is an Abbe number of a lens second close
to the image side, Vd,, is an Abbe number of a lens
closest to the image side, TTL is an interval from an
object side surface of the first lens to an image plane
along the optical axis, and T is a thickness along the
optical axis of a lens second close to the image side.

8. The wide-angle lens assembly as claimed in claim 2,
wherein the second lens further comprises a concave surface
facing the object side.

9. The wide-angle lens assembly as claimed in claim 2,
wherein the fifth lens further comprises a concave surface
facing the image side.

10. The wide-angle lens assembly as claimed in claim 2,
wherein the wide-angle lens assembly satisfies:

—4.2=(f)/f==-3;

wherein f, is an effective focal length of the first lens, f;
is an effective focal length of a lens closest to the image
side, and f is an effective focal length of the wide-angle
lens assembly.

11. The wide-angle lens assembly as claimed in claim 2,
further comprises an air gap disposed between the fourth
lens and the fifth lens.

12. The wide-angle lens assembly as claimed in claim 2,
further comprising a stop disposed between the front lens
group and the rear lens group.
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13. The wide-angle lens assembly as claimed in claim 1,
wherein the fifth lens further comprises a convex surface
facing the image side.

14. The wide-angle lens assembly as claimed in claim 1,
further comprising a stop disposed between the front lens
group and the rear lens group.

15. The wide-angle lens assembly as claimed in claim 1,
wherein:

the first lens comprises a convex surface facing the object

side and a concave surface facing the image side;

the third lens is a biconvex lens; and

the fourth lens is a biconvex lens.

16. The wide-angle lens assembly as claimed in claim 1,
wherein the wide-angle lens assembly satisfies:

-11.2 mmsftf;=-5.3 mm;

wherein f is an effective focal length of the wide-angle
lens assembly and f; is an effective focal length of the
first lens.
17. The wide-angle lens assembly as claimed in claim 1,
wherein the wide-angle lens assembly satisfies:
-13 mms=f~f<-8 mm;
wherein f,is an effective focal length of the front lens
group and f is an effective focal length of the wide-
angle lens assembly.
18. The wide-angle lens assembly as claimed in claim 1,
wherein the wide-angle lens assembly satisfies:

T0=Vd +Vdy=110;

wherein Vd; is an Abbe number of a lens second close to
the image side and Vd, is an Abbe number of a lens
closest to the image side.
19. The wide-angle lens assembly as claimed in claim 1,
wherein the wide-angle lens assembly satisfies:

—-4.2s(fHf)/f=-3:

wherein f| is an effective focal length of the first lens, f;;
is an effective focal length of a lens closest to the image
side, and f is an effective focal length of the wide-angle
lens assembly.

20. The wide-angle lens assembly as claimed in claim 1,

wherein the wide-angle lens assembly satisfies:

3.1<TTL/T=<6.4;

wherein TTL is an interval from an object side surface of
the first lens to an image plane along the optical axis
and T is a thickness along the optical axis of a lens
second close to the image side.

#* #* #* #* #*



