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ABSTRACT

The high efficiency power conversion research is important to be
studied and investigated. The heterojunction thin film Cadmium telluride
CdTe solar cells have a large absorption coefficient and high theoretical
efficiency. Moreover, large-area photovoltaic panels can be fabricated for
economical purposes. These features potentially make the CdTe thin-film
solar cell an alternative energy source. This work is accomplished in
three main parts as flows:

Part one aims to study and create the appropriate methods for enhancing
the performance of the solar cells. There are two proposed methods; the first
one is by using the antireflection coating materials, with two techniques,
single layer antireflection (SLAR) and double layer antireflection (DLAR)
coatings. These techniques improve the solar performances especially the
power conversion efficiency. This is done by reducing reflection loss and
increasing absorbance of solar cell layers. The second one is by using zinc
telluride (ZnTe) as a back contact buffer layer for efficiency enhancement by
making a good ohmic contact. These methods are simulated and analyzed by
efficient computer program.

Part two includes the numerical simulation for the baseline CdTe solar cell,
using Solar Cell Capacitance Simulator One Dimension (SCAPS -1D)
program versions 3300(2014). These are done under air mass global standard
spectrum (AM1.5G) at room temperature.

The output performance for the simulated baseline cell C; results are
(open circuit voltage V,. = 0.73226 volt, short circuit current density J,. =
22.085416 mA/cm®, fill factor FF% = 74.25% and power conversion
efficiency Eff% = 13.12%). A SLAR and DLAR coating are applied to C, to
get C, and C; respectively and simulated by SCAPS program. The results are

improved as compared with the reference cell C;. The conversion efficiencies
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for C, and C; are 14.01% and 16.95% respectively with increasing of 0.89%
and 3.83% to the reference C; respectively. A back contact buffer layer
material (ZnTe) is added to the C, to get C,. The simulated solar cell results
are improved especially the efficiency, which enhanced to 15.04%. The effect
of thickness variation of each layer on the cell performance is investigated.
When the thickness of the CdTe absorber layer in reference cell C; increased
from, 500nm to 3000nm, the efficiency increases from 11.26% 14.73%.
While the efficiency reduces from, 13.86% to 11.21% when the thickness of
the CdS buffer layer increased from 20nm to 200nm. Also the operating
temperature effect is investigated, so by increasing T from value 290k to
380k, make V.., Ji, FF%, and Eff% to decrease.

Part three includes the experimental fabrication and measurements for
the simulated solar cells using the evaporation system BALZERS are
investigated, in solid — state laboratory in electrical department. The structure
of the fabricated baseline cell SC; 1s Glass/SnO2/CdS/CdTe/Al. The results
are (Vo= 0.5volt, = 149mA, FF% = 0.32, Pm= 23.76mW, and Eff =5.31%).
Practically applying the proposed methods getting the cells as SCoy, SCy,
SCis, the results are improved as compared with reference cell SC;, and the
obtained efficiencies are 6.4%, 6.84%, and 5.934% respectively.

The novel structure is investigated. This structure is companied between
ARC coating and back contact buffer layer resulting new cells as SC,¢ and
SC,; with enhanced performance as compared to reference cell SC,, so their
efficiencies become 7.6% and 8.1% respectively.

Finally the optical measurements are investigated such as; UV(absorption
and transmission), thickness measurements, AFM and SEM analysis. All
optical measurements are done in the laboratories of Ministry of Science and
Technology (MOST)/ Department of Technology and Renewable Research,
solar energy research center, and laboratories of the University of Technology

/ Nanotechnology and advanced materials research.
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