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Abstract: Thermal-vacuum environment adaptability is one of the key performances of space optical instruments,
especially for hyper-spectral instrument, and spatial heterodyne spectrometer (SHS) should provide high spectral
stability for the detection of atmosphere CO,. Based on the research of the spatial heterodyne interference principle,
simulation test in thermal-vacuum environment and quantitative analyses are carried out. The relationship among
environment changes and the divergence half-angle of collimating lens, Littrow wavelength of field widened inter-
ferometer, different defocusing amount and pantograph ratio of imaging lens are analyzed. In order to verify the
theoretical analysis, thermal-vacuum experiment is performed. The results show that the spectral deviation and pro-
file are matched with theoretical analysis, and spectral stability is less than £0.01 nm under the temperature from
19 C to 21.2 C by the substrates made of fused Silica (Corning 7980 OF). Quantitative analyses provide theoret-
ical basis for the thermal control requirement and Littrow wavelength selection in normal atmospheric pressure.
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Fig. 1 Schematic diagram of O,-A waveband spectrometer.
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Fig. 2 Exiting wave fronts of other wavelengths.
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Table 1 Design specifications of SHS for O,-A waveband.

No. Aspect Attribute Design (Temperature: 20 C, 1ATM)
Narrow band filter 759 nm~769 nm full width at half maximum
Collimating lens Entrance diameter 21 mm; IFOV 73 mrad
1 Functional unit
Imaging lens 6-element relay system
Detector 1024%1024, 13 umx13 ym CCD
Clear aperture 22.12 mmx22.12 mm; 600 gr/mm;
Gratings
Littrow wavelength 756.5 nm; Substrates material SiLiCa
2 Interferometer

Field-widening prisms

Beam splitter

Wedge angle 17.0736°; Incident angle 12.4657°; Material SiLiCa

Clear aperture 35 mmx35 mm

Spectral resolution
3 Performance
Achieved spectral range

0.6 cm'@756.5 nm

Filter limited
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Table 2 Divergence half-angles of the relay collimating lens.

No. Pressure, Temperature Divegence half-angle No. Pressure, Temperature Divegence half-angle
1 1ATM, 30 C 1.9829° 6 0ATM, 30 C 1.9600°
2 1ATM, 25 C 1.9859° 7 0ATM, 25 C 1.9626°
3 1ATM, 20 C 1.9890° 8 0ATM, 20 C 1.9651°
4 1ATM, 15 C 1.9918° 9 0ATM, 15 C 1.9677°
5 1ATM, 10 C 1.9947° 10 0ATM, 10 'C 1.9702°
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Fig. 4 Relationship curve between solid angle and modulation degree of fringe.
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Table 3 The parameters of SHS used in different types of sources.

Source type Solid angle Modulation Fringe frequencey Littrow wavelength shift
Point 0 1 4(oc—o,)tanb, 0
27
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Fig. 5 The varition between source types and shift of Littrow wavelength.
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Fig. 7 Refractive index change in normal pressure and vacuum environment.
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