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Optical design of compact infrared imaging spectrometer

Yuan Liyin, Xie Jianan, Hou Jia, Lv Gang, He Zhiping

(Key Laboratory of Space Active Opto-Electronics Technology, Shanghai Institute of Technical Physics of the Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: To reduce the burden of the working platform, optimize the optical structure and promote the
thermal adaption of the imaging spectrometer, an optical design of a compact infrared imaging spectrometer
was presented. Due to compactness and aberration correction, the extended polynomial surfaces were
utilized in the optical design of the infrared imaging spectrometer with spectral region between 1 pm to
3.4 wm, optical speed of F/2.86, and spectral sampling of 7.5nm. The optical system was comprised of a
free form three mirror telescope and a plane grating based free form spectrometer. The telescope was semi
telecentric for pupil matching with the telecentric spectrometer, free of distortion and able to provide enough
imaging space for other modules. The good imaging quality of spectrometer, and spectral distortion
correction were achieved, and the tilt of image plane for detector arrangement was improved. The system is
analyzed from the diffraction efficiency of the grating, the supressed stray light, as well as the opto-
mechanical design of the integrated mirrors, which show it has high engineering feasibility.
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Tab.1 Specifications related with optical system

Parameters Values
Scan type Push-broom
Spectral range/pm 1.0-3.4
F/number 2.86
Cross track FOV/(°) 12
Spectrometer magnification -0.812 5%
FPA pixels 512x320

FPA pixel size 25 um square
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Fig.1 Completed optical system
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Fig.2 Spot diagram of the telescope
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Tab.2 Specifications of the spectrometer

Parameters Values
Spectral range/pm 1.0-3.4
Spectrometer magnification -0.812 5x
Objective NA 0.143
Spectral sampling/nm 7.5

Slit dimension 12.8 mmx31 pm

Entrance pupil position OBJ telecentric

Smile and keystone/pixel 1/3
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(a) MTF at starting wavelength 1 pm
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Fig.3 MTF of the spectrometer
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Fig.4 Smile and Keystone of the spectrometer
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Fig.5 MTF of the imaging spectrometer
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Fig.6 Diffraction efficiency of the grating
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Fig.7 Coating requirements of the order-sorting filter
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Fig.8 Design of the opto-mechanical integrated mirror
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