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Abstract

Solar cells are normally connected with switching circuits and systems, their dynamic parameters
are required in solar cell system design. Characteristics of these dynamic parameters depend on
operating frequencies and voltages. Determination of parameters employ solar simulators whose
light quality is specified by the IEC 60904-9 Standard. There are three specifications on light
characteristics, namely, spectral quality, uniformity and stability of light intensity. These
requirements entail high cost solar simulators. Moreover, expensive analytical equipment such as
impedance spectroscope is needed. Current techniques in analyzing parameters are based on a 1-port
analysis of a dynamic or AC equivalent circuit of solar cells. In the 1-port analysis the input signal
is the load current and the output signal the load voltage at the same port are used to determine

dynamic impedance of solar cells.

Two original works could be claimed in the research work of the thesis. First, the designs,
construction and characterization of low cost solar simulators using high luminosity LEDs under
pulse operation. High intensity has been achieved while LEDs are not destroyed. Secondly, the
analysis of solar cell dynamic equivalent circuits based on a 2-port analysis to yield a transfer
impedance. The transfer impedance is the ratio of the load voltage at the output port to the
photocurrent at the input port. Three techniques on solar cell testing are undertaken in the thesis.
First, development of LED solar simulators with pulse operation yielding simulators having high

intensity and line spectra. Secondly, development of low cost simulators using tungsten-halogen



lamps in conjunction with LEDs to obtain continuous spectra. Testing of an X-Si solar cell is done
under these simulators. Thirdly, a transfer impedance determination of the solar cell under incident
light of various colors. Light amplitude is modulated with periodic waves of different waveforms

and frequencies. The cell is under different biased voltages.

Construction and testing of 5 LED based solar simulators are done, i.e. red, green, blue, white and
combined red-green-blue. Under pulse operation, intensity up to 1,000 W/m’ is achieved. Light
uniformity and light stability, as specified by the IEC 60904-9, of Class B are attained. Spectral
quality class cannot be made due to line spectral nature of LED. These simulators are used to
determine solar cell parameters of the cell, at non Standard Test Condition- STC. Corrections to the
STC are made according to the IEC 60891. It is found that solar cell parameters obtained from the

red and blue LED simulators are in good agreement with results obtained from a Class A simulator.

Simulators are also constructed from tungsten-halogen lamps and combined tungsten-halogen lamps
and blue LEDs. Elevated voltage operation of lamps and LEDs under pulse operation provide a new
avenue to obtain high intensity, never before achieved. Testing of the solar cell is also made under
these simulators, and corrections are made. Again, results from the simulators and a Class AAA

simulator are in good agreement.

In a transfer impedance measurement, we vary cell bias voltages and modulating frequencies
between 10 Hz and 10 kHz. The transfer impedance is determined through a Fast Fourier Transform
technique of measured load voltage and photo-current. Under different waveforms and spectra of
incident light, relationship between amplitude of the transfer impedance and capacitance of cell with
frequencies are similar. Transfer impedance analysis and measurement using an impedance
spectroscopy also yield a relationship between capacitance of cell with frequencies of the same

nature.

A Mott-Schottky Plot, showing the relationship between the reciprocal of the square of capacitance
and the voltage across a cell, shows two-slope regions. At low voltage, the slope is small and
constant, indicating dominance of diffusion capacitance. At high voltage, the slope is negative and

of large magnitude, due to dominance of transition capacitance of an abrupt junction across the cell.

Keywords : Intensity Modulation/Photovoltaic/Solar Cell/Solar Simulator/ /Transfer Impedance
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BSR
BSFR

C

CIGS
CdTe/CdS
EVA
FRA
GaAs/Ge

ITO

PV

ph
rad

STC

ZnPC

(Y] d o
‘iJ'szmaﬂwmmzmda

Ampere

Gold

Back Surface Reflectance Solar Cell
Back Surface Field Reflectance Solar Cell
Coulomb

Copper Indium Gallium Selenide
Cadmium Telluride/ Cadmium Sulfide Solar Cell
Ethylene-vinyl Acetate

Frequency Response Analyzer

Gallium Arsenide/ Germanium Solar Cell
Indium Tin Oxide

Joule

Kelvin

Methyl Substituated Perylene Pigment
Meter

Square meter

Qubic meter

Photovoltaic

Photo

Radian

Standard Testing Conditions (AM 1.5G, 1,000 W/rnz, and 25 °C)
Second

Volt

Zinc Phthalocyanine

Ohm



