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Abstract

% Application Number:
% Application Date: % IPC Classification:

Title of the Invention: Thin wide-angle four-piece imaging lens assembly
[Chinese]

A thin wide-angle four-piece imaging lens assembly comprises a lens set and a fixed
diaphragm, wherein the lens set comprises, sequentially from an object side to an image side
along an optical axis, a first lens, a second lens, a third lens, and a fourth lens with the
refractive power being positive, positive, negative, and positive, the surface of the first lens
facing the object side and adjacent to the central optical axis is a convex surface, the surface
of the second lens facing the image side and adjacent to the central optical axis is a convex
surface, the surface of the third lens facing the object side and adjacent to the central optical
axis is a concave surface and the surface thereof facing the image side and adjacent to the
central optical axis is a convex surface, and the surface of the fourth lens facing the image
side and adjacent to the central optical axis is a concave surface, and the fourth lens has at
least one inflection point located between the optical axis and the aspherical end point; the
fixed diaphragm is located between the object side and the second lens and satisfies
15<HFOV/f<50, wherein HFOV represents one half of a maximum angle of view of the lens
assembly, and f represents a focal length of the lens assembly; and a higher HFOV value and
a lower f value can make the volume of the entire lens assembly denser and improve the
resolving power. Therefore, the present invention has advantages of both compact and thin
design and high performance.

[English]
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[Representative Image]
[The designated representative image in this case] Figure (1).

[Brief explanation of component legends in this image]

1.......... lens set 14 .............fourth lens
11........ first lens 2 .............Fixed diaphragm
12........ second lens ctl-ct4 ....... thickness

13......... third lens

[If there are chemical formulae in this case, please disclose a chemical formula that
can best illustrate the features of the invention]:
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Specification of Invention Patent
(Please do not alter the format or sequence of this specification)

[Title of the Invention] Thin wide-angle four-piece imaging lens assembly

[Field of the Invention]
[0001] The present invention relates to an imaging lens assembly, and in particular to
a thin wide-angle four-piece imaging lens assembly.

[Description of the Prior Art]

[0002] A conventional imaging lens assembly is an imaging lens assembly adopted in
an electronic product, such as a mobile phone, a smart phone, a tablet computer, a notebook
computer, a camera, and the like. With the continuous improvement of electronic products, a
gradual trend appears toward compact and thin design while achieving high performance. As
a result, imaging lens assemblies are developed to have thin dimensions and become more
compact as a whole. On the other hand, to improve the resolving power, imaging lens
assemblies need to be developed to have a wider angle.

[0003] While conventional imaging lens assemblies, such as those according to the
patents TW201215941A, TW201224568A, and TW201239443A, are disclosed to be four-
piece imaging lens assemblies, none of the embodiments in the patents further meet the
requirements for a thin and wide-angle design.

[0004] Therefore, in order to enable an electronic device to achieve advantages of
both compact and thin design and high performance, a wide-angle imaging lens assembly
having thin dimensions that make the overall assembly more compact and capable of
improving the resolving power is currently desired on the market.

[Summary of the Invention]

[0005] Therefore, the objective of the present invention is to provide a thin wide-
angle four-piece imaging lens assembly having thin dimensions that make the overall
assembly more compact and capable of improving the resolving power.

[0006] Accordingly, the thin wide-angle four-piece imaging lens assembly of the
present invention comprises a lens set and a fixed diaphragm. The lens set includes a first
lens, a second lens, a third lens, and a fourth lens arranged in sequence from an object side to
an image side along an optical axis. The first lens has a positive refractive power adjacent to
the central optical axis and has a convex surface that faces the object side, and the first lens
has at least one surface that is an aspherical surface. The second lens has a positive refractive
power adjacent to the central optical axis and has a convex surface that faces the image side,
and the second lens has at least one surface that is an aspherical surface. The third lens has a
negative refractive power adjacent to the central optical axis and has a concave surface that
faces the object side and a convex surface that faces the image side, and the third lens has at
least one surface that is an aspherical surface. The fourth lens has a positive refractive power
adjacent to the central optical axis and has a concave surface that faces the image side, both
surfaces of the fourth lens are aspherical surfaces, and at least one of the two surfaces has at
least one inflection point located between the optical axis and the aspherical end point. The
fixed diaphragm is located between the object side and the second lens. Here, the thin wide-
angle four-piece imaging lens assembly satisfies the following condition:
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[0007] 15<HFOV/f<50,

[0008] wherein HFOV represents one half of a maximum angle of view of the lens
assembly and has a unit of degree, and f represents a focal length of the thin wide-angle four-
piece imaging lens assembly and has a unit of millimeter.

[0009] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following condition:

[0010] HFOV>35°.

[0011] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following condition:

[0012] f<2.7 mm.

[0013] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following conditions:

[0014] Nd3>1.56, and

[0015] V3<29,

[0016] wherein Nd3 is a refractive index of the third lens, and V3 is a dispersion
coefficient of the third lens.

[0017] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following conditions:

[0018] Nd2<1.56, and

[0019] V2>29,

[0020] wherein Nd2 is a refractive index of the second lens, and V2 is a dispersion
coefficient of the second lens.

[0021] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following condition:

[0022] 0.8<|f/f3|<2.5,

[0023] wherein f3 represents a focal length of the third lens and has a unit of
millimeter.
Application Number: 102131525
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[0024] The thin wide-angle four-piece imaging lens assembly according to the present
invention, wherein the thin wide-angle four-piece imaging lens assembly satisfies the
following conditions:

[0025] 0.3<ctl/ct2<2.0, and
[0026] 0<ct3/ct4<1.0,

[0027] wherein ctl is a center thickness of the first lens, ct2 is a center thickness of
the second lens, ct3 is a center thickness of the third lens, and ct4 is a center thickness of the
fourth lens, all of which have a unit of millimeter.

[0028] The present invention achieves the effect that the thin wide-angle four-piece
imaging lens assembly satisfies 15<HFOV/f<50. A higher value of HFOV represents a wider
angle of view of the present invention that can increase the resolving power thereof, while a
lower value of f indicates that the present invention has thin dimensions that make the overall
assembly more compact. Therefore, the present invention enables an electronic device to
achieve advantages of both compact and thin design and high performance, thereby achieving
the objective of the present invention.

[Brief Description of the Drawings]
[0029] Other features and advantages of the present invention will become apparent in
the following embodiments with reference to the accompanying drawings, wherein:

FIG. 1 is a schematic diagram of an optical structure illustrating a first specific
embodiment of the thin wide-angle four-piece imaging lens assembly according to the present
invention;

FIG. 2 is a schematic diagram illustrating astigmatism aberration and distortion
aberration of the first specific embodiment;

FIG. 3 is a schematic diagram illustrating spherical aberration of the first specific
embodiment;

FIG. 4 is a schematic diagram of an optical structure illustrating a second specific
embodiment of the thin wide-angle four-piece imaging lens assembly according to the present
invention;

FIG. 5 is a schematic diagram illustrating astigmatism aberration and distortion
aberration of the second specific embodiment;

FIG. 6 is a schematic diagram illustrating spherical aberration of the second specific
embodiment;

FIG. 7 is a schematic diagram of an optical structure illustrating a third specific
embodiment of the thin wide-angle four-piece imaging lens assembly according to the present
invention;

FIG. 8 is a schematic diagram illustrating astigmatism aberration and distortion
aberration of the third specific embodiment; and
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FIG. 9 is a schematic diagram illustrating spherical aberration of the third specific
embodiment.

[Detailed Description of the Specific embodiments]

[0030] Referring to FIG. 1, the thin wide-angle four-piece imaging lens assembly
according to the present invention comprises a lens set 1, a fixed diaphragm 2, a filter lens 3,
and an imaging surface 4.

[0031] The lens set 1 includes a first lens 11, a second lens 12, a third lens 13, and a
fourth lens 14 arranged in sequence from an object side to an image side along an optical axis
L. The first lens 11 has a positive refractive power adjacent to the central optical axis L and
has a convex surface that faces the object side, and the first lens 11 has at least one surface
that is an aspherical surface. The second lens 12 has a positive refractive power adjacent to
the central optical axis L and has a convex surface that faces the image side, and the second
lens 12 has at least one surface that is an aspherical surface. The third lens 13 has a negative
refractive power adjacent to the central optical axis L and has a concave surface that faces the
object side and a convex surface that faces the image side, and the third lens 13 has at least
one surface that is an aspherical surface. The fourth lens 14 has a positive refractive power
adjacent to the central optical axis L and has a concave surface that faces the image side, both
surfaces of the fourth lens 14 are aspherical surfaces, and at least one of the two surfaces has
at least one inflection point located between the optical axis L and the aspherical end point.
The fixed diaphragm 2 is located between the object side and the second lens 12. Here, the
thin wide-angle four-piece imaging lens assembly satisfies the following conditions:

[0032] 15<HFOV/f<50 (1),
[0033] 0.8<|f/f3|<2.5 (2),
[0034] 0.3<ctl/ct2<2.0 (3),and
[0035] O<ct3/ct4<1.0 (4),

[0036] in which HFOV represents one half of a maximum angle of view of the lens
assembly and has a unit of degree, f represents a focal length of the thin wide-angle four-
piece imaging lens assembly and has a unit of millimeter, f3 is a focal length of the third lens
13 and has a unit of millimeter, ctl represents a center thickness of the first lens 11, ct2
represents a center thickness of the second lens 12, ct3 represents a center thickness of the
third lens 13, and ct4 represents a center thickness of the fourth lens 14, all of which have a
unit of millimeter.

[0037] More preferably, the thin wide-angle four-piece imaging lens assembly
satisfies the following conditions:

[0038] HFOV>35° (5), and
[0039] f<2.7 mm (6),

[0040] wherein the condition (1) indicates that a higher value of HFOV represents a
wider angle of view of the present invention that can increase the resolving power thereof,
while a lower value of f indicates that the present invention has thin dimensions that make the
overall assembly more compact. The conditions (5) and (6) further describe advantages of the
wide angle of view and the thin dimensions of the present invention.
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[0041] It should be noted that the thin wide-angle four-piece imaging lens assembly
satisfies the following conditions:

[0042] Nd3>156  (7),

[0043] V3<29 (8),
[0044] Nd2<1.56  (9), and
[0045] V/2>29 (10)

[0046] wherein Nd3 is a refractive index of the third lens 13, V3 is a dispersion
coefficient of the third lens 13, Nd2 is a refractive index of the second lens 12, and V2 is a
dispersion coefficient of the second lens 12. The conditions (7) to (10) describe that the
refractive power of the third lens 13 is greater than the refractive power of the second lens 12
according to the present invention.

[0047] Moreover, the aspherical surfaces of the present invention satisfy the following
condition:

ch?®
14+[1=Ck+Dc*h**
[0048] +HR + Jh® 4.
[0049] (12),

+ AR + Bh® + Ch® + DI + ER™ + Fh'* + Gh'®

=

[0050] wherein z is a position value of a position at a height of h along the optical axis
L with reference to a vertex of the surface, k is the conic constant, c is a reciprocal of the
radius of curvature, and A, B, C, D, E, F, G, H, J, ... are high-order aspheric coefficients.
Surface profiles of the aspherical surfaces are able to correct aberrations, reduce tolerance
sensitivity, and provide a wide-angle capability for the present invention.

[0051] <First Specific Embodiment>

[0052] Referring to FIG. 1, FIG. 2, and FIG. 3, parameters of the first specific
embodiment are as follows: f1=2.19 mm, f2=2.05 mm, f3=—1.16 mm, f4=1.52 mm, f=1.60
mm, ct1=0.284 mm, ct2=0.368 mm, ct3=0.190 mm, ct4=0.472 mm, and HFOV=44°,

[0053] The first specific embodiment satisfies the conditions (1) to (11), where
HFOV/f=27.5, |f/f3]|=1.38, ctl/ct2=0.77, ct3/ct4=0.40, Nd2=1.535, Nd3=1.636, VV2=56.07,
and V3=23.89.

[0054] FIG. 2 illustrates astigmatism aberration and distortion aberration of the first
specific embodiment. FIG. 3 illustrates spherical aberration.
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[0055]

Data of the lens in the first specific embodiment

i Thickness/ |Refractiv Abbe Focal
Surface Iélzll.ldl-!lillﬁﬂgef Inté‘sp%scse Sndex | number length
(Radins) {Thickness) {NE) (Vd) (mm)
Fixed diaphragm o -0.03
. First 1.361 0.284
Firstlens | gurface 1.535 5607 | 219
i Second | _g 9 0.194
surface
Second lens Third -2.042 0.368 '
surface 1.535 56.07 2.05
12 Fourth -0.760 0.159 '
surface
Third lens |  Fifth -0.289 0.190
) sul_‘face 1.636 23.89 -1.16
13 Sixth -0.596 0.038
surface
Fourth lens | Seventh | 0438 0.472
su_rt‘ace 1.535 56.07 1.52
14 Eighth 0.805 0.25
surface
Nineth co 0.21
Filter lens |_Surface 1.517 64.17
Tenth oo 0.332
surface

[0056] Aspherical parameters of the first specific embodiment are as follows:

First Second Third Fourth Fifth Sixth Seventh Eighth

surface surface surface surface surface surface surface surtace
k o 0 6191788 -}.784132 | -3.838175 | -1.077898 | -7.06691 <2.241616
A -0.2065818 -0.7720604 -1.4905015 -1.1446487 -4.9202522 -0.5217609 | 0104128467 | -0.3867E477
B -3.3390093 15937033 135248352 -13.499105 IB.914091 0.96754975. -1.6835431 010715581
C | 25617387 -48. 87327 222 B5EE] 142.67618 ~20.771041 12065814 4.2B1175% 0L31062561
D | -see.5172 417.56966 1762 541 -B11.19607 12125511 ~35.497597 | 63238122 | 053307
E | 1536.6411 -1566.3668 | -7R03.2608 | 2964.6502 ~142.83927 22.857229 5.6351203 D.37789525
F | -14200.609 | 36930314 | 17228.893 | -6161.6996 | 243.026958 | 33.940443 | .2771359 | .0.123106)
G | z2a10.042 10725650 | <161 74,508 | sasn 7346 10.761799 ~3R.635537 0.5E030412 | D.0186835N)

[0058] <Second Specific Embodiment>
Application Number: 102131525
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[0059] Referring to FIG. 3, FIG. 4, and FIG. 5, parameters of the second specific
embodiment are as follows: f1=2.39 mm, f2=2.08 mm, f3=—1.45 mm, f4=1.85 mm), f=1.60
mm, ct1=0.276 mm, ct2=0.392 mm, ct3=0.204 mm, ct4=0.450 mm, and HFOV=44°.

[0060] The second specific embodiment satisfies the conditions (1) to (11), where
HFOV/f=27.5, |f/f3|=1.10, ct1/ct2=0.70, ct3/ct4=0.45, Nd2=1.535, Nd3=1.636, V2=56.07,

and V3=23.89.

[0061] FIG. 4 illustrates astigmatism aberration and distortion aberration of the
second specific embodiment. FIG. 5 illustrates spherical aberration.

[0062]
Data of the lens in the second specific embodiment
Surk Radius of Thickness/ | Refractive| Abbe Focal
urtace curvature Interspace index number length
(Radius) (Thickness) (Nd) (Vd) (mm)
. First 1.172 0.276 :
First 1 i ' )
T surface 1.535 | 5607 | 239
Second 12.524 0.002
surface
Fixed diaphragm co 0.193
Third -2.352 0.392
Second lens surface 1.535 56.07 | 2.08
12 Fourth -0.800 0.165
surface
Fifth -0.295 0.204
Third lens surface ' 1.636 2389 | -145
13 Sixth -0.550 0.022 :
surface
Seventh 0.526 0.450
Fourth lens surface 1.535 | 5607 | 1385
Eighth 0.786 0.25
surface
Nineth co 0.21
Filter lens surface 1.517 64.17
Tenth oo 0:352
surface ’ ,
[0063] Aspherical parameters of the second specific embodiment are as follows:
Application Number: 102131525
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[0064]

First Second Third Fourth Fifth Sixth Seventh Eighth
surface surface surface surface surface surface surface surface
L -27.67006 0 0 -0.11332 17 -3.670904 -1.681650 -7.045283 -3.372049
A | 1.9885098 -0.37701082 | -0.96274237 -0.00025411 | -3.9824733 -0.37652375 | 0.000509204 | -0.15744)28
B -16.754161 -0.49422655 2.5787486 -13.638266 9.3522783 -3.5402459 -1.3786241 -0.21216838
C 121.877584 -25.597915 -73.20593 . 119.14826 . -14.277491 .22.786238 | | 3.910704% 0.6311134
D | -€97.96558 372.82508 563.02784 -775.83633 58.628841 -34,875393 -6.1)155891 -0.74118053
E | 2523.5236 +3090.4143 -2537.022 3121.5568 13198369 -6.5038799 5.4923776 0.45196807
F | -5159.4588 12641.659 4107.643 -6765.6192 -631.i63] 60.790568 -2.5266688 -0.14266076
G |a272.002¢ | -20091.0a8 1521.596 6044.1656 956.17439 | -37.919506 | 0.51902791 | 0.01825282

and VV3=23.89.

specific embodiment. FIG. 8 illustrates spherical aberration.

[0065] <Third Specific Embodiment>

[0066] Referring to FIG. 6, FIG. 7, and FIG. 8, parameters of the third specific
embodiment are as follows: f1=2.55 mm, f2=0.86 mm, f3=—0.61 mm, f4=0.98 mm, f=1.13
mm, ct1=0.239 mm, ct2=0.266 mm, ct3=0.187 mm, ct4=0.429 mm, HFOV=44°,

[0067] The third specific embodiment satisfies the conditions (1) to (11), where
HFOV/f=39.0, |f/f3|=1.85, ct1/ct2=0.90, ct3/ct4=0.44, Nd2=1.535, Nd3=1.636, VV2=56.07,

[0068] FIG. 7 illustrates astigmatism aberration and distortion aberration of the third
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[0069]

Data of the lens in the third specific embodiment
Surf Radms of Thickness/ Refractive Abbe Focal
ace curvature ]:nta'space lIld_EX mmber length
(Radius) (Thickness) (Nd) (Vd) (mm)
Fixed diaphragm o -0.001 '
First surface 1.903 0.239
First lens 11 S . 1.535 56.07 1.55
econ R
S, 4.616 0.062
Third 3.029 0.266
Second lens
12 suface - 1535 | 5607 | 086
Fourth -0.528 0.095
surface
Third lens iff&h -0.184 0.187
13 "‘S. ;fe 1.636 | 2389 | -061
I -
 surface (.483 0.092
Fourth lens | Seventh 0.430.. 0,429" o
14 surface 1535 | 5607 | 098
Eighth 1.549 0.125
surface
Nineth o0 0.210
Filter lens | SUrface 1.517 64.17
Tenth o0 0.325
surface

[0070] Aspherical parameters of the third specific embodiment are as follows:

[0071]

First Second Third Fourth Fifth Sixth Seventh Eighth

surface surface surface surface surface surface surface surface
k 8.358328 -2824.922 €2.97767 0.7395685 -1.92685¢ -0,3569793 -5.810289 1.443598
A -1.2031657 -9.8439]108 =7.1130345 0.63242517 -4.0319876 -0.15762397 [ -0.05755995 | -0.20237191)
B | 12223208 116.10956 4.0234552 -132.3459 -150.00916 | 3.7724173 -1.4813813 | 0.7721040
C -1918.3111 -1775.4567 -507.43521 2590.488 3983.5728 116.23539 9.93703%6 -3.9338663
D 6722.3948 -15124.178 ~7707.745%6 -20347.637 «224%7.567 -215.09901 -60.63752 26.574088
E 2123163.2 652775.39 80989.53 158170.7 10347415 ~4855 6445 190.69088 -38.350854
F .52922573 | -5158083.1 1130631 .4 -1000249.5 1277642.5 24221.919 -287.85565 27.456949
G | 3.7756e+008 | 11596363 -50S9338.7 | 34116873 -3002346 -32489.178 | 163.69987 | o068

[0072] In summary, the effects achieved by the present invention are as follows:

[0073] I. The present invention is characterized in that the thin wide-angle four-piece
imaging lens assembly satisfies 15<HFOV/f<50. Moreover, the present invention also
improves the resolving power, increases the wide angle of view, and reduces the thickness to
become thinner by satisfying the conditions (2) to (11).

Application Number: 102131525
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[0074] 11. A higher value of HFOV represents a wider angle of view of the present
invention that can increase the resolving power thereof.

[0075] I11. A lower value of f indicates that the present invention has thin dimensions
that make the overall assembly more compact.

[0076] The present invention enables an electronic device to achieve advantages of
both compact and thin design and high performance, thereby achieving the objective of the
present invention.

[0077] However, the description above are only preferred embodiments of the present
invention, which may not be used to limit the scope of the present invention. Any simple
equivalent variations and modifications made according to the content of the claims and the
specification of the present invention shall fall within the scope of the present invention
patent.

Application Number: 102131525
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[Description of Legends]

[0078]

1. lens set 2.........Tixed diaphragm
11....... first lens 3 filter lens
12....... second lens 4 ............imaging surface
13....... third lens L ............optical axis
14...... fourth lens ctl-ct4 ...... thickness

[Biological material registration]
Domestic registration information [remarks shall follow the order of registering agency, date,
and number]

Foreign registration information [remarks shall follow the order of registering country,
agency, date, and number]

[Sequence Listing] (please record on a separate page)

Application Number: 102131525
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Claims

1. A thin wide-angle four-piece imaging lens assembly, comprising

a lens set including a first lens, a second lens, a third lens, and a fourth lens arranged
in sequence from an object side to an image side along an optical axis,

wherein the first lens has a positive refractive power adjacent to the central optical
axis and has a convex surface that faces the object side, and the first lens has at least one
surface that is an aspherical surface,

the second lens has a positive refractive power adjacent to the central optical axis and
has a convex surface that faces the image side, and the second lens has at least one surface
that is an aspherical surface,

the third lens has a negative refractive power adjacent to the central optical axis and
has a concave surface that faces the object side and a convex surface that faces the image side,
and the third lens has at least one surface that is an aspherical surface, and

the fourth lens has a positive refractive power adjacent to the central optical axis and
has a concave surface that faces the image side, both surfaces of the fourth lens are aspherical
surfaces, and at least one of the two surfaces has at least one inflection point located between
the optical axis and the aspherical end point; and

a fixed diaphragm located between the object side and the second lens,

wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
condition:

15<HFOV/<50,

wherein HFOV represents one half of a maximum angle of view of the lens assembly
and has a unit of degree, and f represents a focal length of the thin wide-angle four-piece
imaging lens assembly and has a unit of millimeter.

2. The thin wide-angle four-piece imaging lens assembly according to claim 1,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
condition:

HFOV>35°.

3. The thin wide-angle four-piece imaging lens assembly according to claim 1,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
condition:

f<2.7 mm.

4. The thin wide-angle four-piece imaging lens assembly according to claim 1,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
conditions:

Nd3>1.56, and

V3<29,

wherein Nd3 is a refractive index of the third lens, and V3 is a dispersion coefficient
of the third lens.

5. The thin wide-angle four-piece imaging lens assembly according to claim 4,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
conditions:

Nd2<1.56, and

V2>29,

Application Number: 102131525
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wherein Nd2 is a refractive index of the second lens, and V2 is a dispersion
coefficient of the second lens.

6. The thin wide-angle four-piece imaging lens assembly according to claim 1,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
condition:

0.8<|f/f3]<2.5,

wherein f3 represents a focal length of the third lens and has a unit of millimeter.

7. The thin wide-angle four-piece imaging lens assembly according to claim 1,
wherein the thin wide-angle four-piece imaging lens assembly satisfies the following
conditions:

0.3<ctl/ct2<2.0, and

O<ct3/ct4<1.0,

wherein ctl is a center thickness of the first lens, ct2 is a center thickness of the
second lens, ct3 is a center thickness of the third lens, and ct4 is a center thickness of the
fourth lens, all of which have a unit of millimeter.
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