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From a quarim-mechanical perspectivesunlight is made up of photons, which carry energy.
When these photons reach Earth, renewable energy sources like concentrated solar power (CSP)
systems and photovoltaic (PV) cells may absorb them and turn them into electiibiy.
manufacturing of solar PV which directly converts sunlight into electrical power will be the main
focus of this thesis.
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The discovery of Photovoltaic (PV) cells, the cells
that power solar power, dates as far as the 1800s.

It all began when a nineteen-year-old French
scientist, Edmond Becquerel was experimenting
with an electrolytic cell composed of two metal
electrodes.

1900°s

1901 — Nikola Tesla receives two patents for his radiant energy
studies:

(1) Method of utilizing radiant energy.

(2) Apparatus for the utilization of radiant energy.

1904 — Wilhelm Hallwachs develops a semiconductor-junction
solar cell.

1905 — Albert Einstein’s theory of “photoelectric effect.”

1916 — Robert Millikan supports Einstein’s theory by providing
proof.

1922 — Einstein receives Nobel Prize for his photoelectric effect
theory.

1932 — Stora and Audobert discover a photovoltaic
material, Cadmium Selenide.

1960 — Hoffman Electronics forges a new solar cell
with fourteen percent efficiency.

1963 — Sharp Corporation manufactures a feasible
photovoltaic module of silicon solar cells; Japan
enters the scene, installing a 242-watt PV array on
a lighthouse.

1966 — NASA commences Orbiting Astronomical
Observatory with a PV array.

1967 — Soyuz 1, the first solar-powered spacecraft,

1839 — Edmond Becquerel discovers PV effect.

1883 — An American inventor, Charles Fritts develops the
first PV cell by putting selenium on a metal plate.

1877 — William Adams and Richard Day, both American
scientists, publish “The action of light on selenium.”

1888 — An American chemist, Edward Weston receives the
first US Patent for Solar Cell.

1888 to 1891 — Aleksandr Stoletov develops the first solar
cell using the outer photoelectric effect.

THE NOBEL PRIZE IN PHYSICS 1921

Albert Einstein

April 1955)

"for his services to Theoretical Physics,
and especially for his discovery of the law of the
photoelectric effect”.

1954 — An American research company, Bell Labs,
showcases first high-power silicon PV cell that has
about 6 percent of efficiency.

1955 — Western Electric begins commercialization
of silicon PV system design technologies.

1958 — US Vanguard 1, the first solar-driven space
satellite was launched. The U.S. Signal Corps
Laboratories develops a radiation resistant solar
cell. Hoffman Electronics’ nine percent efficient
solar cell.
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1974 - J. Baldwin, at Integrated Living Systems, co-
develops the world's first building (in New Mexico) heated
and otherwise powered by solar and wind power
exclusively.

1977 — The Department of Energy founded its Solar Energy
Research Institute in Golden, Colorado. Solar panels were
installed on the White House.

1980 — The first thin film solar cell was developed by the
University of Delaware. It exceeded 10 percent efficiency.

1985 — The Centre for Photovoltaic Engineering develops a
20 percent efficient silicon cell.

1989 - Reflective solar concentrators are first applied with
solar cells.

1991 - Development of the first Efficient Photo-
electrochemical cell and the Dye-sensitized solar cell.

1992 - A 15.89 percent efficient thin-film CdTe solar cell
created by the University of South Florida.

: 3 o e S 1994 — Japan starts “70,000 Solar Roofs” PV subsidy
| =¥ 1‘ ‘Wz f LN e program.
) -Y\b‘.\‘ \\All' ." 2 s, &

1999 - 1000 megawatts of installed PV power.

2006 — Solar cell advances, surpassing the 40
percent efficiency.

2007 - Google’s Project Sunroof was launched.

2008 — The birth of the inverted metamorphic
triple junction solar cell.

2010 — Modern solar panels installed on the
White House.




2010 - Solar PV market continues rapid expansion; global
cumulative capacity passes 40 GW.

2011 - 2011 - Fast-growing factories in China push manufacturing
costs down to about $1.25 per watt for silicon photovoltaic modules.
Installations double worldwide

2014 - Perovskite solar cells exceed 20% efficiency in lab
conditions.

2016 — First Solar says it has converted 22.1 percent of the energy
in sunlight into electricity using experimental cells made from
cadmium telluride—a technology that today represents around 5
percent of the worldwide solar power market.

2018 — Alta Devices, a US-based specialty gallium arsenide (GaAs)
PV manufacturer, claimed to have achieved a solar cell conversion
efficiency record of 29.1%, as certified by Germany's Fraunhofer ISE
CalLab

2019 - Bifacial solar panels (double-sided) become commercially
viable and widespread.

2020 - Solar cell efficiency of perovskite solar cells have increased

from 3.8% in 2009 to 25.2% in 2020 in single-junction

architectures, and, in silicon-based tandem cells, to 29.1%,

exceeding the maximum efficiency achieved in single-junction

silicon solar cells

2021 - The first industrial commercial production line of perovskite
solar panels, using an inkjet printing procedure, is launched in
Poland.

2022 - Tandem solar cells with perovskite and silicon reach record-
breaking lab efficiency above 30%.

2023 - Solar panels widely integrated into buildings (BIPV:
Building-Integrated Photovoltaics).

2025 - Continued decline in solar cost; expansion in energy
storage integration; Al and smart inverters improve grid
interaction.
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Photovoltaics Cells ]

Manufacturing
l Technologies J
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" First Generation | | Second Generation | Third Generation
(Thick crystalline | (Thin films solar (Emer ging
films) | cells) ~ technologies)
\ 4 \ 4
Monocrystalline Copper indium gallium Organic solar cells
silicon arsenide (CIGS) solar (0sc)
cells
v l !
E’olycrystalline silicon] Cadmium telluride [ Quantum Dots (QD)
(CdTe) solar cells solar cells
\ 4 ¢ \ 4
Multicrystalline Amorphous silicon (a- Dye-sensitize solar
silicon Si) solar cells cells (DSSC)
\ 4 i \ 4
GaAs-based solar Kesterite Perovskite solar cells
cells (CuZnSnSxSesx) (PSC)
Multijunction solar
cells
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In this work, we investigated the effect of vacuum annealing on the CdSe/CdTe stack by
performing XRD measurements on both thedeposited absorbers and those subjected to
vacuum annealing.

7.4.1 Absorber Study
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This observation is consistent with the Raman results, which indicated a reduced presence of Te
in Vacuum Annealed samples. In the baoktact region, both sample vacuum anneals and as
deposited samples show a similar Se/Te profile.
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8.2 Device Fabrication
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8.3 Results and Discussion
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8.4 Conclusion
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Based on the experimental results of the previous chapter, the 0.8 um absorber thickness was
identified as the optimal candidate for ultthin applications, as it successfully balances material
reduction with electrical functionalityHaving selected this specific thickness as the viable
platform for RoHSompliant devices, it is now essential to understand how the material
composition affects its performance.

The primary goal of this chapter is to investigate the effecsedénium concentration on the
physical and electrical properties of the 0.8 um absorber. W4allenium is known to enhance
performance in standard thick devices, its diffusion kinetics and impact on grain growth within a
constrained 0.8 um layer are not yet fully understoBg fixing the absorber thickness at 0.8 pm
and systematically varying the CdSe/CdTe rathis study aims to determine the ideal Selenium
profile that maximizes the efficiency and stability of this selected whina configuration.
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Normalized Intensity
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