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Design of miniaturization concentric reflective mobile phone lens

Wang Yang', Wang Ning', Gu Zhiyuan®, Zhang Lei', Fu Yuegang'

(1. School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022, China;
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Abstract: Based on the requirements of modern society for high pixels and miniaturization of mobile phone
lenses, based on the principle of concentric lenses, a concentric reflective mobile phone lens was designed.
Through optical path calculation, the spherical aberration expression of the system was solved, and the initial
structure of the system was further obtained. The optical system was designed using optical design software, the
lens adopted a curved sensor with a pixel size of 1.25 um, the F number of the optical system was 1.8, the focal
length was 2.7 mm, the maximum full field of view was 100°, and the total system length was 2.7 mm. The results
show that at the spatial cut-off frequency of 400 lp/mm, the modulation transfer functions of the 0.7 field of view
are all greater than 0.34, and the modulation transfer functions of the full field of view are all greater than 0.23.
The radius of the diffuse spot in each field of view is smaller than the Airy disk. In the full field of view, the
relative illuminance is higher than 0.64. This design meets the imaging requirements of mobile phone lenses.
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Fig.1 Concentric lens
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Tab.1 Optical design prescription

Parameter Value
Waveband/nm 486-656 (Visible light)
Relative aperture 1/1.8
Full field of view/(°) 100
Focal length/mm 2.7
Total length/mm <2.7
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Fig.2 Light path of concentric lens
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Tab.2 Initial structural prescription

Surface type Radius/mm Thickness/mm Glass

OBJ oo )
1 1.885 1.047 1.66,20.4
2 0.832 0.830 1.59,30.9

STO 0 —0.830 MIRROR
4 0.832 —1.047 1.66,20.4
5 1.885 -0.5

IMA 2.385
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Fig.3 Mobile phone lens structure after optimization

1.0 ¢
0.8

06

04 t

Modulus of the OTF

0.2

0 L L L L L L L L L ]
0 40 80 120 160 200 240 280 320 360 400
Spatial frequency/cycles-mm™!

@a—Diff. limit-tangential ~ &--- Diff. limit-sagittal
@---25.00°-sagittal @— 35.35°-tangential

@—11.00°-tangential @---11.00°-sagittal
@3- 35.35°-sagittal & 50.00°-tangential

&~ 25.00°-tangential
@ - 50.00°-sagittal

[l 4 MTF [k
Fig.4 MTF curves

Ak, 0.7 #3719 MTF {83 5 KT 0.62, 2837 (1) MTF
KT 0.55; 78 400 Ip/mm 4, 0.7 #1371 MTF ik
T 0.34, &0 H9 MTF {H AT 0.23,

B S S RG si 80, il T IR 35 B AE AR Wi
25 RSB AR U 2 AR, SECRFEMIA R 2EA
FATE] . TFHLE Sk ARV 0 e R R BB AR i AN
i 1.5/NRU™, NR 3 CMOS FEUR & AR 53 R, 1% 1%
T3 IR it 1A A B A5 T R R 1.25 pm, AT LA
TR VI B KRR AR 3.75 pm. MAIEL'S

Al LA 2 RMS 425/ T 1.2 pm, 3 2 T
PLBE Sk BUREK

B 6 9 FHLGE Sk (AR X BRRE TR, FHILBE Sk AU TR
JEBRAR, FECL O AL 1 B B BN T R A
Kl 6 Hral LA, g A R RT 0.64, W 2
FHLBE K AR EK

T ARAT THUBE Sk T AR B, T A R
A HIAMALLINIEC R o BEE LA B IR AR R K,
HRTAR 2065 2R 98 © SR B 20 Mk B 10 05 505
LT HMIESE!, R TS i FALEE Sk el
PAAE 0 465 57 A BROE £ 0 i ol R, 25 K an &) 7
IR

OBJ: 11.00° OBJ: 25.00°
o -'.ctmlu.".
2 fit ! 5 s
! @ e
IMA: 0.513 mm IMA: 1.137 mm  ~ 0.486
= 0.587
OBJ: 35.35° OBJ: 50.00° - 0.656
{@} -’@'
IMA: 1.556 mm IMA: 2.061 mm
Units are pm.
Field: 1

2 3 4
RMS radius: 1.081 0.805 0.731 0.672

GEO radius: 2.623 2.623 2.623 2.623
Airy radius: 1.287 Reference: chief ray

5 migE
Fig.5 Spot diagram

Relative illumination
o
ol

0 5 10 15 20 25 30 35 40 45 50
Y field/(°)
& 6 AHXT AR

Fig.6 Relative illumination

20210129-5



s Gk A2

% 114

www.irla.cn % 50 A

)
7

(
y

i

'/11
é

W)
A

f
/
i
i
.‘1

/

.’4

)

'
"
s

Vi

VA

\

7 BRI UL A

Fig.7 Structure of spherical filter
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Tab.3 Tolerance of the optical system

Item Value
TFRN/fringes +1.5
TSDX, TSDY/mm +0.013

TTHI/mm +0.013
TSTX, TSTY/(°) +0.02
TEDX, TEDY/mm +0.013
TETX, TETYI(°) +0.02
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