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Single-Grating Optical System of Imaging Spectrometer with
High Resolution for Ionosphere Detection
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Abstract An optical system working in 120 ~ 180 nm is developed for the study of ionospheric imaging spectrometer
carried by satellite in China. The scheme that the telescope is an off-axis parabolic mirror and the imaging spectral system
is a single toroidal grating is assumed with comparing different programs in foreign countries based on characteristics of
targets. Then the theory is studied by introducing the surface equation of the grating and optical path function to get a
novel broadband aberration—corrected method to resolve the disadvantages of traditional single grating structure non-
homogeneous aberration correction and low spatial resolution. The original structure is obtained by Matlab and is simulated
by Zemax. A system operating in 120 ~ 180 nm with F-number of 6.8 focal length of 102.3 mm is designed. This imaging
spectrometer has high spatial resolution and spectral resolution. The results demonstrate that aberrations are totally
corrected the modulation transfer function ( MTF) of all field of view is more than 0.7 in the waveband and the spectral
resolution is 0. 56 nm. It proves that the design which can satisfy the requirement of the design specifications is more
convenient and more predominant.
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Fig.1 Schematic diagram of the concave grating
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Fig.2 Design of imaging spectrometer’s optical system
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Table 1 Specification

of designed imaging spectrometer

Parameter Value
Spatial resolution /km <1.6
Spatial coverage /km 50 ~520

Spectral coverage /nm

Spectral resolution /nm
Detector array size /pixel
Detector pixel size /pum
Focal length /mm

F-number

121.6 130.4 135.6
140 ~ 150 165 ~ 180

0.7
256( spectrum) x 160( space)
25 x25
102.3
6.8

2

Table 2 Original and optimized parameters of

optical structure

Characteristic

Initial Zemax

Entrance aperture /mm

Telescope mirror

@15 D15

Off-axis parabola

Gictance /mm 15 15
Focal length /mm 100 100
Entrance slit /mm 0.05x7.1 0.05x7.1
Angular resolution /( °) 0.1x4 0.1x4
Distance Ly_/ mm 149. 1260 148.3219
Grating Toroidal
Ruling /( 1p/mm) 600 600
Curvature r5(T S) /mm 150 148.64 150 149.52
Incident angle/( °) 5 5
Diffraction angle/( °) 1.19435 1.19435
Distance L;_,/mm 152.9729 151.2280
4.2

3 RMS

Xy
22 umo
4
5
( MTF)
(20 lp/mm)
MTF 0.7 o
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Fig.3 Spots diagrams of different wavelengths
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Fig.5 MTF of the designed system under central and

marginal wavelengths
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Fig. 6 Ax of different wavelengths on the image plane
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