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Calibration method of solar irradiance spectroradiometer based
on tunable laser

Zhang Yanna, Zheng Xiaobing, Li Xin, Liu Enchao, Li Wenwei

(Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics,

Chinese Academy of Sciences, Hefei 230031, China)

Abstract: Solar irradiance spectroradiometer was a new type of instrument for solar direct continuous
spectrum irradiance measurement. To meet the requirements of the high-precision observation, a system-
level calibration method based on tunable laser was developed. In this method, the uniform irradiance
source was acquired from the tunable laser-illuminated integrating sphere, and the standard irradiance
detector was used as transferring standard, so the spectral irradiance responsibility of solar irradiance
spectroradiometer can be traced to the cryogenic absolute radiometer. The experiment of the 870 nm
channel was carried out. The deviations with the standard lamp and Langley are 2.84% and 4.08%,
which validates the rationality of this method. According to the evaluation of uncertainty specification, the
uncertainty of this method is 0.882%, which can improve the measurement of the solar spectral radiation.
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Fig.1 Schematic diagram of solar irradiance spectroradiometer
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Fig.2 Calibration system of solar irradiance spectroradiometer
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Fig.3 Spectral irradiance responsivity of the standard irradiance
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Fig.4 Spectral irradiance responsivity of solar irradiance
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Tab.1 Uncertainty of solar irradiance
spectroradiometer calibration

Components of uncertainty Contributions

il -3
Source’s Stability 5.89x10
characterizations Uniformity 1.20x10-2
T .
rap radlan_t _power 0.415x10-3
responsivity
R .
_ Responsivity 2.15x10"?
Standard irradiance interpolation
detector’s .

- -V gain 1.76x107®

characterizations
Aperture stop area 2.38x10®
Distance 0.399x10°3
Wavelength repeatability 0.75x10-3
Solar irradiance Instability 4.89x1073

spectroradiometer’s

characterizations I-V gain 1.76x10"®
Distance 0.564x1073
Combined uncertainties 8.82x10®
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Fig.5 Air mass-voltage curve of solar irradiance spectroradiometer
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Tab.2 Comparison between irradiance responsivity

RE:

Irradiance responsivity

Method IV - W cm? Difference
Based on tunable laser 0.087 65 -
Based on lamp 0.085 17 2.841%
Langley 0.084 07 4.084%
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