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Researches on Efficiency Measurements for Optoelectronic Devices
Based on Conversion Between Heat and Electricity, and
Its Application to Snow Melting for Solar Cells
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Abstract

Conversion efficiencies of optical devices, both sources and receivers have been measured
based on a calorimetric method. Radiant power output of a source can be evaluated by
subtracting a heat power from the applied electrical power while radiant power absorbed by a
receiver can be evaluated by adding a heat power to the generated electrical power. The
technique was validated firstly in the solar cell internal conversion efficiency measurements in a
manual operation. To automatize the operation, a negative feedback control circuit to maintain
constant temperature by adjusting the electrical power to the heater has been developed and
proved to work successfully. Carbon nanotubes (hereinafter abbreviated as CNT) fabric heaters
are used not only for the efficiency measurements system but also for snow melting purposes.
Demonstration experiments using the CNT heaters attached to the back surface of a photovoltaic
power generation panel, a hut roof, and a rain gutter, were conducted to melt the snow.
Promising results have been obtained for both experiments.
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Incident Radiation P, Output Radiation Po=P:— P,
Reflected Radiation P:

Absorbed Radiation
Pa=P|—Pr—Pt=Po+Ph

Transmitted
Radiation P Input Electric Power P;
Output Electric Power Po
(a) Receiver (Solar Cell etc.) (b) Source (LED etc.)

Fig. 1 Schematic diagrams to show the principle of thermal power evaluation substituted
by electrical power for an optical receiver and a source.
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Fig. 2 Circuit for automatic electrical Fig. 3 Temporal change in temperature, electrical power,
substitution with thermally linked current, power applied and incident radiant power
negative feedback control. for a-Si cell under blue LED illumination.
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Fig. 4 Left: Photograph of front side of RGB type
LED. Right: Platinum resistance thermometer,
Pt100 attached to the backside of the LED.
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Fig. 5 Temporal change in measured radiant power,
electrical power dissipated at Pt100, etc..
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Snow melting experiment at Oomagari.
Left array: direct heating. Right array:
indirect heating (CNT heater is placed
on Galvalume steel plate with 1 cm air
gap in front.).
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