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Optical design for refractive/diffractive long wavelength
infrared continuous zoom system

Wang Baohua'?, Liu Ying', Sun Qiang’, Wang Yuanyuan'?, Zhang Jianzhong'?, Jiang Yang?

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A refractive/diffractive long wavelength infrared continuous zoom system was designed based
on the new staring focal plane array (384 pixelx288 pixels) in order to improve the resolution of image,
detecting distance and accuracy of the infrared system and to satisfy multifarious situations. The operating
wavelength of this system ranged from 8 pm to 12 pm, F number was 1.5 and the zoom ratio was 25:1.
The binary surface was introduced to correct the lateral color and other high order aberrations and to
modify the system. Moreover, detailed design and image quality were given by CODE V optical design
software. When spatial frequency was 20 Ip/mm, modulation transfer function (MTF) in the whole field of
view exceeded 0.4, approaching diffraction limit. The final results show that this optical system has large
zoom ratio, high resolution, small volume and excellent image quality. Thus, it can be applied in many
kinds of optoelectronic detection fields.
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Tab.1 Design requirements

Item Value
Wavelength/pum 8-12
Height of image(diagonal)/mm 12
Zoom ration 25:1
F number 1.5

Focal length/mm 8-200

+1.72(NFOV)

Field of view(FOV)/(°) +36.87(WFOV)
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Fig.1 Zoom-compensated system
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Tab.2 Parameters of initial system configuration

Surface Surface type Y raidus Thickness Glass Y semi-aperture
Object Sphere INFINITY INFINITY
1 Sphere 265.212 58 15.000 000 SCGERMLW 142.529 88
2 Sphere 362.848 74 22.341 125 141.507 59
3 Sphere 267.460 48 16.000 000 SCGERMLW 125.924 95
4 Sphere 259.726 95 147.049 40 118.618 41
5 Sphere 193.785 00 10.000 000 ZnSe 42.855 932
6 Sphere 81.768 58 8.286 584 34.326 380
7 Sphere 650.80163 10.000 000 ZnSe 34.522 025
8 Sphere 78.722 88 2.688 057 29.869 518
9 Sphere 119.592 69 12.000 000 ZnSe 28.282 795
10 Sphere 730.645 30 3.447 998 28.115399
11 Sphere 63.164 13 12.000000 ZnSe 27.058 625
12 Sphere 147.36420 32.527 958 24.554 640
STOP Sphere INFINITY 2.000 000 7.847 936
14 Sphere 95.575 23 7.000 000 ZnSe 7.870 152
15 Sphere 616.929 73 21.488 887 8.293 443
16 Sphere 7472574 7.000 000 ZnSe 11.905 41
17 Sphere 45.822 07 2.000 000 11.686 62
18 Sphere 19.218 78 7.000 000 SCGERMLW 13.774 13
19 Sphere 23.425 87 8.275 316 11.180 97
IMA Sphere INFINITY 0.000 000 6
RIMURGLENSE
Tab.3 Parameters of optimized system configuration
Surface Surface type Y raidus Thickness Glass Refract mode Y semi-aperture
Object Sphere Infinity Infinity Airr* Refract
1 Sphere 272.1000 15.0000 SCGERMLW Refract 131.650 7
2 Sphere 331.8900 15.000 0 Airr* Refract 128.758 6
3 Sphere 225.3800 16.0000 SCGERMLW Refract 119.750 3
4 Sphere 239.9300 152.2600 Air* Refract 113.9403
5 Sphere -131.7700 10.0000 ZnSe Refract 39.6855
6 Sphere 119.0000 2.5000 Air* Refract 39.2913
7 Sphere 135.2300 12.0000 ZnSe Refract 40.412 4
8 Sphere -247.000 0 61.2400 Air* Refract 40.4199
Stop Sphere Infinity 2.0020 Air* Refract 11.7185
10 Sphere 17.0000 7.0000 ZnSe Refract 15.908 1
11 Sphere 12.5000 25.0000 Airr* Refract 11.536 4
12 Sphere 30.8600 7.0000 SCGERMLW Refract 10.7139
13 Sphere 54.1400 6.7300 Air* Refract 9.2307
Image Sphere Infinity 0.0000 Refract 6.0000

End of data
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Tab.4 Distances between lens groups

18mm 18mm 36mm 90mm 150 mm 200 mm

dp 10.23 71.7 105 135 147.3  152.26
(078 202 134.23  90.2 42 17 2.5
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Fig.3 Zoom curves of the system
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Tab.5 RMS spot diameter

EFL/mm FOV RMS spot diameter/mm || EFL/mm  FOV RMS spot diameter/mm || EFL/mm  FOV  RMS spot diameter/mm
8 0 0.161 45E-01 9 0 0.242 95E-01 200 0 0.153 43E-01
0.5 0.186 27E-01 0.5 0.203 86E-01 0.5 0.159 25E-01
0.7 0.200 62E-01 0.7 0.188 49E-01 0.7 0.182 93E-01
1 0.245 53E-01 1 0.222 91E-01 1 0.243 38E-01
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