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Design of Silicon-based Total Solar Radiometer for Outdoor Use
HUANG Jing'* , LIU Jiangfeng' , ZHAO Zhiqiang' , HAN Huili' , LU Xiaoman', ZHU Zhiheng

(1. Energy-saving Building Materials Innovative Collaboration Center of Henan Province,
Xinyang Normal University, Xinyang 464000, China;
2. Xinyang Qihang Information Technology Limited Company, Xinyang 464000, China)
Abstract: A silicon-based total solar radiometer for outdoor use is designed. The silicon solar cells of the
same technology type are used as sensors, and the silicon solar cells are encapsulated by photovoltaic module
manufacturing process. The temperature measuring thermistor is used to measure the working temperature of
the silicon cell, and the temperature correction is added to the irradiance measurement value. In addition, a
suitable sampling resistor is connected in series to the positive and negative terminals of the silicon solar cell to
make the silicon solar cell work approximately in the short-circuit current. Finally, the irradiance contrast test is
conducted with standard silicon solar cells under outdoor natural light. The maximum error is 1.2%, the
minimum error is 0.2% , and the average error is 0.4 %.

Key words: total solar radiometer; silicon solar cell packaging; temperature correction; sampling resistance
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Fig. 1 Main structure diagram of silicon

based solar total radiometer
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Fig. 2 Sensor package
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Fig. 4 System hardware circuit block diagram
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Fig. 5 Sampling resistance value range
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Tab. 1 Current and error corresponding to three
different R values
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T i S

— \

PRI 11 T S 2 S
Iscre/mA Isc/mA

0.1 1 000 130.45 130.6 —0.11

0.2 1 000 130.12 130.6 —0.37

0.3 1 000 130.05 130.6 —0.42
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Tab. 2 Irradiance test data corresponding to

three different R values

T T EE b A/ i TR M/ (W e m®)
(Wem?) R=01Q R=02Q R=030Q
1 200 1196.5 1195.7 1195.5
1 000 998.9 996.3 995.8
800 798.6 798.6 792.1
600 601.5 600.5 600.9
400 399.2 399.5 400.2
20 200.0 200.8 201.7
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Fig. 6 Differential amplifier circuit
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Fig. 8 Outdoor irradiance testing
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Tab. 3 Outdoor irradiance test data

12:56:26 55.96 1 038.4 131.5 1 043.0 —0.4
14:01:39 53.27 933.1 117.9 935.1 —0.2
14:45:29 49.31 817.6 103.4 820.4 —0.3
15:02:29 49.85 763.8 96.1 761.3 0.3
15:38:43 47.36 628.5 79.1 625.7 0.4
2022-05-02 ) 0.4
16:03:27 42.91 531.7 66.7 528.1 0.7
16:30:40 39.13 417.5 52.1 412.4 1.2
16:50:25 37.17 331.7 41.8 330.5 0.4
17.08:47 34.06 254.8 31.9 252.3 1.0
17:36:40 30.93 149.3 18.8 148.4 0.6
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