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Design of infrared dual-band common path annular aperture

ultrathin imaging system

Wang Qi, Piao Mingxu’, Meng Yutong, Gao Xudong
(School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to solve the problems of the large number of components and complex structure in the mid-
long wave infrared dual-band system, the structural characteristics of the annular folded imaging system was
analyzed, and the calculation method of the obscuration ratio was explained. An infrared dual-band annular
aperture ultrathin imaging system with common path was designed. The focal length is 50 mm, the field of view is
14°, and F number is 1. The system is made up of only one optical element, so it has simple structure and compact
optical path. The ratio of total optical length to focal length is 0.48. At the spatial frequency of 20 Ip/mm, the
modulation transfer function (MTF) of the full field of view is more than 0.45 in medium wave infrared 3-5 pm,
and that is more than 0.30 in long wave infrared 8-10 um. The athermalization of system is realized in the range
of —40-80 °C. According to the tolerance results, this system is machinable. The chalcogenide glasses used for the
substrate material can be precision molded to achieve batch processing. The study provides a new idea for the
realization of low-cost and miniaturized infrared dual-band system.
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Fig.1 Principle and structure of ultrathin imaging optical system
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Tab.1 Design index of the infrared dual-band common

path ultrathin system

Parameter Value
Effective Focal length/mm 50
Effective aperture diameter/mm 50
Field of view/(°) 14
Length of the system/mm <32
Wavelength/um 3-5, 8-10
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Tab.2 Size comparison of annular aperture ultrathin
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Tab.3 System data of infrared dual-band common

path ultrathin system

system
Structural type ~ Track/mm  Diameter/mm  Obscuration ratio
2 reflectors 65.0 62.4 0.598
4 reflectors 325 81.2 0.788
6 reflectors 21.7 96.3 0.855
8 reflectors 16.3 109.2 0.889

H1 2 m] R, Bl B S OB i, R & 4
SRTh 1) K LA I 4 L, LIS LU S AL AR 2 R 4

Surface Radius /mm Thickness /mm Glass
Object Infinity Infinity -

Stop —535.73 25.5 IRG24

2 —99.92 —24.1 Mirror

3 —137.86 19.6 Mirror

4 161.59 -20.8 Mirror

5 786.41 21.4 Mirror
6 —1157.55 1.1 -
Image Infinity - -
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Tab.4 Detail data of even asphere of infrared dual-

band common path ultrathin system

Surface 4 B C D E
1 0.00 3.85E-07 -—2.36E-10 1.18E-13 —5.27E-17
2 0.00 2.99E-07 6.25E-12 —2.84E-14 0.00
3 0.00 1.96E-06 —2.15E-09 9.36E-13 0.00
4 0.00 -1.87E-06 —8.15E-09 1.82E-11 —7.81E-15
5 0.00 —5.20E-06 -—2.54E-09 6.73E-11  8.77E-14
6 0.00 —4.72E-04 1.39E-06 —2.22E-08 1.47E-10

1 (Stop) 3 5

(a) Sk (b) &
(a) Light path (b) Cross section

Pl 4 18NS0 B G R S 4
Fig.4 Structure of infrared dual-band common path ultrathin system
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Fig.5 MTF of infrared dual-band common path ultrathin system
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Fig.6 Spot diagram of infrared dual-band common path ultrathin system
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Tab.5 Tolerance data of the system

Tolerance type Tolerance parameter

Thickness/mm +0.01
Element decenter/mm +0.02
Element tilt/(") +1
Surface decenter/mm +0.01
Surface tilt/(") +1
Aspheric PV value/um +0.2
Refractive index +0.001
Test wavelength/nm 632.8

K322 5 P 228 B AR B 2051 UL B v
BARGHIEAT 1000 WS FF R, L MTF 1R A1
MrbrifE, AR EE R, 90% LI L R G0 25 [ 4 R
20 Ip/mm ) MTF $0{5 404 6 fims .

&6 RESMBEREH MTF
Tab.6 MTF of the system after tolerance analysis

Tangential Sagittal

Wavelength/um Field/(°)

Nominal Estimated Nominal Estimated

0 0.66 0.40 0.65 041
3.5 49 0.59 0.38 0.71 0.49
7 0.48 0.31 0.69 0.46
0 0.39 0.34 0.42 0.35
8-10 49 0.37 0.33 0.41 0.33
7 0.34 0.30 0.40 0.33

TR 6 MZERERIE AT Al LU, 7EXT R G0
A7 T I, v 2041 i B s [ 46 4 20 1p/mm
Ib, RGOS MTF HA 90% 7€ 0.40
DL, i M3 ) MTF B4 90% 7€ 0.31 LU L, &4
IR J7 1) 1 O A3 MTF (B4 90% 1 0.41 DL |, i
Z 1 MTF {54 90% 7E 0.46 LI b K% 21 7%
BEAs AR A 20 1p/mm &b, RGETFF 7 1 i oo il
K ih A3 MTF (A 90% 1£ 0.30 L F, RGN
J7 e i B ih 2% MTF B % A 90% 7E 0.33
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Fig.7 MTF of infrared dual-band common path ultrathin imaging system at —40 °C
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