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Design of Mid-Wave Infrared Optical System with High Variable
Ratio Miniaturization
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Abstract The study proposes a 30 X continuous zoom lens for 640 X 512 cooled mid-wave infrared focal plane
detector array. Furthermore, we propose an optical system design that separates the lens from the front fixed group
as a two-speed moving group, and combines the two-speed moving group, variable magnification group,
compensation group, and rear fixed group into a composite continuous zoom system. To realize the above model,
we design a cooling-type medium-wave infrared continuous zoom optical system based on the theory of diffractive
optics. It has a working band of 3.7-4.8 pm, F-number of 4, continuously variable focal length of 12-360 mm,
and total optical length of only 160 mm. We optimize the image quality and cam curves of the system at 6 focal
lengths. The system offers advantages of a large variable ratio, miniaturized structure, excellent image quality, and
smooth cam curve, which meets the requirements of infrared thermal imagers.
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Table 1 Optical design parameters

Parameter Index
Working waveband /pm 3.7-4.8
F/% 4.0
Focal range /mm 12-360
Detector type 640X 512 (cooled)
Pixel size /pm 15
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Fig. 3 Schematic of optical system. (a) EFL:360 mm; (b) EFL:250 mm; (c¢) EFL:200 mm;
(d) EFL:100 mm; (e) EFL:70 mm; (f) EFL:12 mm
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Table 2 Parameters of moving component spacing mm
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Fig. 4 MTF curves. (a) EFL:360 mm; (b) EFL:250 mm; (c¢) EFL:200 mm; (d) EFL:100 mm;
(e) EFL:70 mm; (f) EFL:12 mm
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Fig. 5 Diffuse speckle diagrams. (a) EFL:360 mm; (b) EFL:250 mm; (c¢) EFL:200 mm; (d) EFL:100 mm;
(e) EFL:70 mm; (f) EFL:12 mm
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