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Wavelength Nonlinearity of Multi-Channel Solar Spectrometer with
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Abstract To improve the wavelength calibration accuracy of multi-channel grating scanning spectrometers, the
principle of linear wavelength scanning of traditional single-channel grating spectrometers is first introduced. Then,
the theoretical nonlinear relationship between the spectrometer’s output wavelength and the moving distance of the
lead screw is derived based on the common grating axis error. Given the nonlinear relationship, wavelength
calibration of a prototype of Fengyun-3 solar irradiance spectrometer is performed. The results demonstrate that the
calibration accuracy of the traditional calibration is 0.08 nm,and the calibration accuracy is increased to 0.03 nm by
using the wavelength nonlinear formula. This result satisfies the requirements of the instrument’s specifications.
Thus, the wavelength nonlinear relationship of a multi-channel grating scanning spectrometer is verified.
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Fig. 1 Diagram of wavelength linear scanning mechanism
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Fig. 2 Diagram of wavelength scanning mechanism
of dual-channel grating spectrometer
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Fig. 3 Structural diagram of solar irradiance spectrometer
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Fig. 4 Working principle diagram of each channel
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Fig. 5 Output signal curve of visible channel

of mercury lamp source
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1
Table 1 Fitting errors of linear and nonlinear formulas
Standard Screw Fitting using equation (7) Fitting using equation (12)
wavelength /nm distance /mm Wavelength /nm Error /nm Wavelength /nm Error /nm
253.65 23.604 253.73 0.08 253.677 0.03
312.57 29.374 312.57 0.00 312.572 0.01
365.02 34.510 364.96 —0.06 364.987 —0.03
404.66 38.396 404.59 —0.07 404.625 —0.03
435.83 41.455 435.79 —0.04 435.822 —0.01
507.30 48.468 507.33 0.02 507.326 0.02
546.08 52.274 546.14 0.06 546.106 0.03
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