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Design of optical system of mobile phone lens and simulation of stray light

DOU Xiuxun'*, ZHU Jiawei’ , DING Guilin'
(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Zenith Optical Co. LTD. , Zhongshan
528441, China)

Abstract: In order to meet the demand for high pixels, miniaturization and without stray light of a modern mobile phone
lens, a three-unit 5 x 10° pixel optical system based on CODEV software was designed by optical plastic aspherical technology and
Monte Carlo ray tracing method. Stray light was analyzed based on LightTools software. After theoretical analysis and
experimental verification, the results show that the F number of lens is 2. 6, the full field of view angle is 72.9°, the total length

of system is 3. Imm. Performance test results of the final assembled products meet design requirements and have no unacceptable

stray light.
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Table 1

1.1

Main specifications of 5 x 10° pixel mobile lens

items specification

effective focal length 3.0mm ~4.0mm

field of view >62°
F 2.6
distortion <2.5%
design spectrum 435nm ~656nm
relative illumination >40%
working distance LS
optical total length <4.2mm

4 pieces aspheric optics

0V5670/1.12pm x 1. 12um

lens structure

sensor
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Table 2 Parameters of system structure

&-‘Vl‘ E/‘J %%% E5 Lﬁn [E] 1 E'I"ZT_\‘ o surface type radius/ thickness/ glass semi-aperture/
mm mm mm
object  sphere ®© o 0
1 asphere  0.8935  0.4769 A5514-2 0.6241
2 asphere  2.8714  0.0399 0.4208
stop  sphere ® 0.3590 0.4021
4 asphere  —1.1418  0.4529 = P-CARBO 0.4973
5 asphere  —1.8303  0.2671 0.7748
6 asphere  1.0483  0.4392 7-FASR 1.4208
Sesign T 7 asphere  0.9833  0.1550 1.5716
Fig. 1 Structure of lens assembly after optimization 8 sphere ® 0.6100  BK7-SCHO 1. 6689
Ot FE RGP R AERR I A XL T 9 sphere ® 0.3000 1.7941
Z=X/[R+ m] . image  sphere ® 0 1.9062
Table 3 Asphere coefficients for initial structure
surface 1 2 4 5 6 7
K 0.149943 11.49728 ~11. 864969 1.949181 -8.936431 —5.094905
A, -0. 0475869 -0. 0760495 -1.21495 -0.687423 -0. 415060 -0.255292
Ag 0.542253 0.733645 -0.7235 2.3419 0.28449 0.147717
Ay -3.14652 -0. 138731 x 10 0.234053 x 10 -4.97549 -0.0413227 ~0.0700419
Ay 6.8952 0. 830928 x 10 -0.156237 x 10° 6.29106 -0.0211363 0.0163356
Ay 6.72152 0.108913 x 10? 0.277846 x 10° 2.77861 0.438796 x 10 =2 0.178799 x 10 ~*
Ay -0.553884 x 107 -0.241976 x 10* 0.6195 x 10° -0. 144196 x 10? 0.133457 x 102 -0.377365 x 10 3
A 0. 606926 x 10* 0.728235 x 10* —0.254402 x 10* 9.98786 -0.297687 x107*  -0.557236 x 10 ~*
T RGN EEK A 3. Imm, fEFE K 2. 5261mm, L.0-
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Fig.2 Field curvature and distortion
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Fig.3 MTF curves at 1/2 Nyquist frequency
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Fig.4 MTF curves at 3/4 Nyquist frequency
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Table 4  Setting table of tolerance parameters

tolerance

No. type value No. type value
1 DLR SI 0.001V 23 TRX S2 0.0015V
2 DLR S2  0.001V 24 BTY S2..3 0.0015V
3 DLR $4  0.001V 25 BTX S2..3 0.001V
4 DLR S5 0.001V 26 DSY S2..3 0.001V
5 DLR S6  0.001V 27 DSX S2..3 0.002V
[§ DLT S1 0.001V 28 TRY $4 0.002V
7 DLT S2 0.005V 29 TRX $4 0.0015V
8 DLT S3 0.005V 30 BTY $4..5 0.0015V
9 DLT 4 0.005V 31 BTX $4..5 0.001V
10 DLT S5 0.005V 32 DSY $4..5 0.001V
11 DLT S6 0.005V 33 DSX $4..5 0.002V
12 DLT S7 0.005V 34 TRY S6 0.002V
13 DLT S8 0.005V 35 TRX S6 0.0015V
14 DLN S2  0.005V 36 BTY S6..7 0.0015V
15 DLN 4 0.0003V 37 BTX S6..7 0.001V
16 DLN S6  0.0003V 38 DSY S6..7 0.001V
17 DLN S8 0.0003V 39 DSX S6..7 0.002V
18 DLV 82 0.0003V 40 TRY S8 0.002V
19 DLV $4  0.0003V 41 TRX S8 0.0015V
20 DLV S6  0.0003V 42 BTY S8..9 0.0015V
21 DLV S8  0.0003V 43 BTX S8..9 0.001V
22 TRY S2 0.0003V
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Fig.5 Tolerance analysis
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Fig. 6 2-D optical machine model of three-unit mobile phone lens
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Fig.7 a—stray light path caused by the blocking component 1 ~ b—stray
light path caused by the blocking component 2

AL I E-HL R GERE S 2-D R K DL KOk k it
R EEWE 8 B,

B T R4 ET R SO AN, AT 6 o R 1 33 S T
FEAESR ISP, WA 9 TR

Fig.8 a—schematic diagram of the optimized 2-D optical model system

b—Ilight path of the optimized system

Fig.9 a—light path of optical lens’ transmission surface reflection b—il-

lumination distribution of optical lens’ transmission surface reflection
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Fig. 10 Surface reflection from transmission surfaces of optical elements af-

ter stray light reduced
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Fig. 11 Schematic diagram of MTF machine
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Fig. 12 MTF curve of the competed lens
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Fig. 13 Real shot picture of the edge field of view
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Fig. 14  Real shot pictures under a point light source in a darkroom
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