Instrumentation for using Solar Cell as a Capacitive Temperature Sensor 
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ABSTRACT

Objective/Aim: Spacecrafts in Geostationary earth orbit and Low earth polar orbit experience temperatures in the range of -1800C to +800C depending on the orbit. Solar cells are mounted on light weight aluminum honey comb panels which are deployed and Sun pointed in on-orbit operation.  Solar panels charge batteries and supply power to the satellite during sunlit period and batteries supply power during eclipse period. The open circuit voltage (Voc) of a silicon solar cell varies by about -2.5mV/0C and temperature can bring about a dramatic change in the solar cell characteristic, particularly with reference to operating voltage. PRT’s mounted on the rare of the solar panel measure the temperature of the solar panel. This introduces errors due to temperature gradients between solar cell blanket and solar panel and slow transient response of PRTs.  An instrument uses the solar cell capacitance to measure the temperature of solar cell blanket is proposed in the present paper. This technique removes error due to location and transient response of PRTs.  Solar cell as a temperature sensor for measurement of solar panel temperature of satellites is demonstrated in this paper. 
Methods and materials: The solar cell, like any other diode, exhibits junction (Cj) and diffusion (Cd) capacitances. The total cell capacitance (Cp) is the sum of the two capacitances Cj + Cd. Diffusion capacitance Cd is generally dominant beyond Vd (operating voltage) = 0.8Voc(open circuit voltage). The junction or transition capacitance is dominant over a voltage range of 0 – 0.7Voc and in reverse bias. If the voltage range is confined to Vd < 0.7Voc then the solar cell capacitance is given by its junction capacitance only. The capacitance of solar cell varies with cell temperature which can be measured by using either a small signal (sine wave) method or charge method. Charging method of measuring junction capacitance is employed in this instrumentation where by the frequency of relaxation oscillator varies as the capacitance of solar cell which in turn varies as the temperature of the cell blanket. An instrument to measure the frequency of the relaxation oscillator and convert that to temperature is designed using a microcontroller with associated circuitry and software. The temperature is displayed using a 2 X 16 LCD display and simultaneously the temperature data is being sent through RS232 for further processing at a remote computer terminal. To convert frequency to temperature, measurements are done on the cell at 50C interval between -1800C and +800C and a look up table of temperature versus frequency is generated. The microcontroller measures the frequency and, with the help of look up table performs interpolation and arrives at the temperature experienced by the solar cell and displays the same on the LCD unit. The look up table of frequency versus temperature is stored in the microcontroller in two methods. In the first method the pre calibrated, pre generated look up table is loaded along with the software code in the microcontroller. This method does not give scope for changes in sensor once the programme is loaded. In the second method onsite calibration is performed. This method helps change cells / sensors of the same type on site and calibrate appropriately. This method is useful for mapping the temperature of the solar cell blanket with many sensors of the same type on the solar cell panel.
Results: A space quality 2cm X 4cm BSR (back surface reflector) solar cell is taken and a relaxation oscillator is built. The variation of frequency over the temperature -1800C to +800C is 40 Khz with a temperature co-efficient of 154Hz/0C (0.084%/0C). The complete setup consists of solar cell – the sensor, capacitance to frequency converter – the relaxation oscillator and the microcontroller that converts frequency to temperature and displays temperature was calibrated by using thermocouple as a standard. It was observed that the maximum error is less than ±10C over the complete range. 

Conclusions: The sensitivity of silicon solar cell is comparable to that of Lakeshore sensor and better than PRT. Thermistors have a very high sensitivity but are not suitable for the temperature range of interest. This method of measuring solar array temperature obviates the issues associated with use of PRT on back of the panel. Reasonable accuracy can be achieved using a BSR silicon solar cell.
Keywords: Sensors and Transducers; Capacitive sensor; Solar cell; Solar panel temperature;
