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Optical design of miniaturized and large field of view off—axis

optical system based on freeform surface

Zhao Yuchen, He Xin, Zhang Kai, Liu Qiang, Cui Yongpeng, Meng Qingyu
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract:  With the increasing development of space technology, space optical system with the
characteristics of high—performance, miniaturization has become a new hotspot research in space optical
fields. Off—axis three—mirror optical system has the advantage of high quality image, large field of view
and high level of lightweight etc., which can better suit the application of miniaturized and low —cost
space optical system and has broad application prospects. Based on the Gaussian optics and three—mirror
aberration theory, the off—axis three —mirror with freeform surface of tertiary mirror was designed. The
focal length was 1 550 mm, field of view was 3.6°x0.45°, relative aperture was 1:6.2, degrees of
freedom and image quality were increased efficiently by the introduction of freeform surface. The design
results show that system has a better performance in effective field of view, modulation transfer function

value is above 0.43@111 lp/mm, wave —front error maximum value is 0.049 A (A=632.8 nm), RMS
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wave—front error value is 0.034 A, maximum grid distortion value is 0.9%, and the imaging quality is

complete symmetrical about the tangential plane. The total length of the optical system is less than f'/3.1,

the height is less than f'/4.1, and is easily implemented because of the relatively loose tolerance about

processing and assembling. The obtained results have a certain reference value for miniaturized space

optical system.
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Fig.1 Optical system configuration
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Fig.2 Coaxial initial configuration
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Tab.1 Design parameters of optical system

Parameters Value
Spectral band/pm 0.48-0.78
Focal length/m 1.55

F# 6.3
Field of view/(°) 3.6x0.45
S =0.408
o/ pm 4.5
gasp/m 1.5
H/km 500
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Fig.3 Optical system configuration
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Tab.2 Parameters of optical system

Surf: Dist /
Mirror urtace Radius/mm 1stance Conic  Size/mm?’
type
PM Conic —1181.601 =500 -0.871 220%220
SM Conic -352.691 640 -4.643  66x40
X-Y
™ . -576.305 -570.6 —0.279 267x106
polynomial
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Fig.4 System optical path
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Tab.3 Polynomial parameters of freeform tertiary mirror

Number Item Ay Number Item Ay Number Item Ay
1 X'y 0 10 X'y’ -1.641e-2 19 Xy 0
2 XY -0.9757 11 XY 0 20 Xy 7.409e-3
3 Xy 1.621e-3 12 Xy -3.227e-2 21 Xy —-1.136e-3
4 X'r 0 13 Xy 0 22 XY 0
5 Xy 2.513e-3 14 Xy —-1.231e-2 23 X'y —3.878e-3
6 Xy 0 15 Xy 0 24 Xy 0
7 Xy —2.187e-2 16 X —4.151e-3 25 xr —2.658e-3
8 X'y 0 17 Xy 0 26 Xy 0
9 Xy —2.232e-2 18 Xy —2.422e-3 27 Xr —-1.136e-3
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Tab.4 Field of view
No. x/(°) yI(°) No. x/(°) yI(°)
1 0 0.35 6 0 0.8
2 0.9 0.35 7 0.9 0.8
3 1.8 0.35 8 1.8 0.8
4 -0.9 0.35 9 -0.9 0.8
5 -1.8 0.35 10 -1.8 0.8
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Fig.5 Curves of modulation transfer function
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Fig.7 Spot diagram of optical system
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Tab.5 Results of tolerance allocation

Type Item Primary mirror Secondary mirror Third mirror
Displacement x/mm - 0.05 0.1
Displacement y/mm - 0.05 0.1
Displacement z/mm - 0.2 0.3
Assembling
Tilt a/(") - 20 20
Tilt B/(") - 20 30
Tilt /(") - 40 60
AR/mm 0.8 0.3 0.3
Manufacturing AK 0.1% 0.05% 0.3%
Surface error RMS(A=632.8 nm) A/50 M50 M50
44 ER A2 A BARAA RS, L Monte— 100 —
Carlo J7 ¥ AT EEAT 40T, ik 1 000 ¥, 7T LAFS £ sow——77 0
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RN 2T R TIRI JS , RGeS E Wi
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Modulation transfer function
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Fig.8 Curves of tolerance probability
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Tab.6 Results of tolerance analysis

Cumulative probability Ame(@111 1p/mm)

50% 0.401 8
84.1% 0.396 3
97.7% 0.360 8
99.9% 0.325 3
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