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ABSTRACT: The present study examines the solar energy and solar cell research in extensively. Energy is an
essence of any human activity. The energy system at the beginning of the 21% century is characterized by six
billion people that live on the Earth and the total energy consumption of approximately 1.3 x 10° kW. In
order to make photovoltaic power generation an economically viable option, the cost of solar cell devices has to
be lowered. South Africa represents the spot of highest solar insulation in the world. The main reason is that
South Africa has the perfect climate for solar energy. A solar cell is an electronic device which directly
converts sunlight into electricity. Light shining on the solar cell produces both a current and a voltage to
generate electric power. This process requires firstly, a material in which the absorption of light raises an
electron to a higher energy state, and secondly, the movement of this higher energy electron from the solar
cell into an external circuit. The electron then dissipates its energy in the external circuit and returns to the
solar cell. A variety of materials and processes can potentially satisfy the requirements for photovoltaic
energy conversion, but in practice nearly all photovoltaic energy conversion uses semiconductor materials in
the form of a p-n junction.
Keywords: Solar Energy, Solar Cells, Photovoltaic, Solar Electricity, Thin Film Solar Cells, Solar
Materials, etc.
I. INTRODUCTION
The Sun is an average star. It has been burning for more than 4-billion years, and it will burn at least that
long into the future before erupting into a giant red star, engulfing the earth in the process. Solar energy is
clean, free and inexhaustible and is plentifully available on our planet in comparison with other energy
sources. It is estimated that the amount of solar energy radiated by the sun in a day (1.34x10%! J/day) can
satisfy the world’s energy requirements in a whole year. Electricity produced from photovoltaic (PV) systems
has a far smaller impact on the environment than traditional methods of electrical generation. During their
operation, PV cells need no fuel, give off no atmospheric or water pollutants and require no cooling water.
Unlike fossil fuel (coal, oil, and natural gas) fired power plants, PV systems do not contribute to global
warming or acid rain. The use of PV systems is not constrained by material or land shortages and the sun is
a virtually endless energy source. The solar radiation is an endless source of free energy to planet earth and
could provide the entire current global energy needs even if used in partial capacity.
The device which converts solar energy into electricity is called solar cell or photovoltaic solar cell.
Photovoltaic, or PV for short, is the word that describes converting sunlight into electricity: photo, meaning
pertaining to light and voltaic meaning producing voltage. It took, more than 100 years, however, for the
concept of electricity from sunlight to become more than a just an experiment. Photovoltaic solar energy is
also known as solar electricity or light-electricity. The energy of solar radiation is directly utilized in mainly
two forms:
= Direct conversion into electricity that takes place in semiconductor devices called solar cells
= Accumulation of heat in solar collectors.
So, solar cells and solar collectors are not the same systems. A group of solar cells is called photovoltaic panel.
The direct conversion of solar radiation into electricity is often described as a photovoltaic (PV) energy
conversion because it is based on the photovoltaic effect. Hence, Converting solar energy to electrical energy
by means of solar cells is called photovoltaic effect. In general, the photovoltaic effect means the generation
of a potential difference at the junction of two different materials in response to visible or other radiation.
The whole field of solar energy conversion into electricity is therefore denoted as the “photovoltaic”.
Photovoltaic literally means light-electricity. Because photo is a stem from the Greek word phds meaning light
and Volt is an abbreviation of Alessandro Volta’s (1745-1827) name who was a pioneer in the study of
electricity. Since a layman often does not know the meaning of the word photovoltaic, a popular and common
term to refer to PV solar energy is solar electricity.
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il. BIRTH OF THE PV CELL

In 1954, D.M. Chapin, C.S. Fuller and G.L. Pearson, of Bell Laboratory, patented a way of making electricity
directly from sunlight using silicon-based solar cells. The next year, the Hoffman Electronics-Semiconductor
Division announced the first commercial photovoltaic product that was 2% efficient, priced at $25 per cell,
at 14 mill watts each, or $1,785 per watt (in 1955 dollars). By the mid-1960s, efficiency levels were nearing 10
percent. As an outgrowth of the space exploration in the 1960s-70s, PV development increased dramatically.
But worldwide hostilities and the threat of war turned the world more and more away from oil and toward
renewable energy. The types of solar cell are shown in fig. (1).
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Figure 1: Various types of solar cell technologies and current trends of development

Ill. STEPS OF CONVERTING SOLAR ENERGY (LIGHT) INTO ELECTRICITY
* PV panels consist of semiconductors
* PV cells have two types of semiconductors: one positively charged and one
negatively charged
* When light shines on the semiconductor, the electric field across the junction
between these two layers causes an electric current
* The greater the intensity of light, the greater the flow of electricity.

IV. THE BEST CRITERIA FOR SOLAR CELL MATERIALS
It is not surprising that a lot of effort has been going and is going into the search for new semiconducting
materials. The essential requirements for the ideal solar cell materials are:
(i) It must have band-gap (1.1eVtol.7 eV) or must have band gap from 1eV to 1.8eV.
(if) It must have direct band structure
(ili) Good photovoltaic conversion efficiency
(iv) Cheap, non-toxic and easily available materials.
(v) Long-term stability
(vi) Easy, reproducible deposition suitable for large area production.
(vii) The dopant selected should have suitable energy level, solubility and an acceptable diffusion constant.
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(viii) Cost of materials should be competitive.

(ix) It must have high optical absorption.

(x) It must have high electrical conductivity.

(xi) The raw material must be available in abundance and the cost of the material must be low.

V. SOLAR CELL STRUCTURE

A solar cell is an electronic device which directly converts sunlight into electricity. Light shining on the solar
cell produces both a current and a voltage to generate electric power. This process requires firstly, a material
in which the absorption of light raises an electron to a higher energy state, and secondly, the movement of
this higher energy electron from the solar cell into an external circuit. The electron then dissipates its energy
in the external circuit and returns to the solar cell. A variety of materials and processes can potentially satisfy
the requirements for photovoltaic energy conversion, but in practice nearly all photovoltaic energy
conversion uses semiconductor materials in the form of a p-n junction. Cross section of a solar cell. The
schematic of the basic structure of a silicon solar cell is shown in fig. (2)

Figure (2) :. Schematic of the basic structure of a silicon solar cell

VI. THE BASIC STEPS IN THE OPERATION OF A SOLAR CELL
the generation of light-generated carriers;
the collection of the light-generated carries to generate a current;
the generation of a large voltage across the solar cell; and
the dissipation of power in the load and in parasitic resistances.
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Vil. WORKING PRINCIPLE OF SOLAR CELL
When light reaches the p-n junction, electron is excited to the valance band under the condition that light
energy is higher than the band gap energy; it generates the electron and holes which are equal in number in
the valance and conduction band respectively. These electron hole pairs move in opposite directions to the
barrier field. Electrons move towards the n-side and the hole is moved towards the p-side. So a voltage is set
up which is known as photo voltage and when a load is connected, the current flows. Schematic of the basic
structure of a silicon solar cellis shown in fig.(3).
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Figure (3): Working principal for the silicon solar cells

Silicon solar cells typically have two layers: a positive layer (p-type) and a negative layer (n-type). The positive
layer is usually made by doping silicon with boron to create extra holes in the silicon lattice, and he negative
layer is usually made by doping silicon with phosphorus to have extra electrons available in the silicon lattice.
Working principal for the silicon solar cells is shown in Figure 4.

VIil. THE BASIC PRINCIPLE OF A SOLAR CELL
The working principle of solar cells is based on the photovoltaic effect, i.e. the generation of a potential
difference at the junction of two different materials in response to electromagnetic radiation. The
photovoltaic effect is closely related to the photoelectric effect, where electrons are emitted from a material
that has absorbed light with a frequency above a material-dependent threshold frequency. In 1905, Albert
Einstein understoodthat this effect can be explained by assuming that the light consists of well defined energy
guanta, called photons. The energy of such a photon is given by,

E=hv (1)
where h, is Planck’s constant and v, is the frequency of the light. For his explanation of the photoelectric
effect Einstein received the Nobel Prize in Physics in 1921. The photovoltaic effect can be divided into three
basic processes:
1. Generation of charge carriers due to the absorption of photons in the materials that form a junction.
2. Subsequent separation of the photo-generated charge carriers in the junction.
3. Collection of the photo-generated charge carriers at the terminals of the junction.
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Figure (4): (a) lllustrating the absorption of a photon in a
semiconductor with bandgap (Eg). The photon with energy
Eph = hn excites an electron from Ei to Ef . At Ei a hole is
created. (b) If Eph > Eg, a part of the energy is thermalised.

IX. THIN FILM SOLAR CELL (TFSC)

A thin-film solar cell (TFSC), also called a thin-film photovoltaic cell (TFPV), is a second generation solar
cell that is made by depositing one or more thin layers, or thin film (TF) of photovoltaic material on a
substrate, such as glass, plastic or metal. Thin-film solar cells are commercially used in several technologies,
including cadmium telluride (CdTe), copper indium gallium diselenide (CIGS), and amorphous and other
thin-film silicon (a-Si, TF-Si). Film thickness varies from a few nanometers (nm) to tens of micrometers (um),
much thinner than thin-film's rival technology, the conventional, first-generation crystalline in most solar
PV systems. Despite these enhancements, market-share of thin-film never reached more than 20 percent in
the last two decades and has been declining in recent years to about 9 percent of worldwide photovoltaic
production in 2013. Other thin-film technologies, that are still in an early stage of ongoing research or with
limited commercial availability, are often classified as emerging or third generation photovoltaic cells and
include, organic, dye-sensitized, and polymer solar cells, as well as quantum dot, copper zinc tin sulfide,
nanocrystal, micromorph and perovskite solar cells. The Structure of thin film solar cells is shown in fig. (5).
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Fig. (5): Structure of thin film solar cells.
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X. ENERGY CONVERSION EFFICIENCY
A solar cell's energy conversion efficiency is denoted by () and the percentage of power converted (from
absorbed light into electrical energy) and collected, when a solar cell is connected to an electrical circuit. This
term is calculated using the ratio of the maximum power point, Pm, divided by the input light irradiance (E,
in W/m?) under standard test conditions (STC) and the surface area of the solar cell (Acin m?). Thus, the
solar cell’s energy conversion efficiency is expressed as,

n = Py - Prax — ]mmep - Jsc Voc FF (1)
E XA, Pin Pin P, e

Typical external parameters of a crystalline silicon solar cell as shown are; Jsc 35 mA/cm2, Voc up to 0.65 V
and FF in the range 0.75 to 0.80. The conversion efficiency lies in the range of 17 to 18%. STC specifies a
temperature of 25°C and an irradiance of 1000 W/m? with an air mass 1.5 (AM1.5) spectrums. These
correspond to the irradiance and spectrum of sunlight incident on a clear day upon a sun-facing 37°-tilted
surface with the sun at an angle of 41.81° above the horizon. This condition approximately represents solar
noon near the spring and autumn equinoxes in the continental United States with surface of the cell aimed
directly at the sun. Thus, under these conditions a solar cell of 12 percent efficiency with a 100 cm? (0.01 m?)
surface area can be expected to produce approximately 1.2 watts of power. The losses of a solar cell may be
broken down into reflectance losses, thermodynamic efficiency, recombination losses and resistive electrical
loss. The overall efficiency is the product of each of these individual losses. Due to the difficulty in measuring
these parameters directly, other parameters are measured instead: Thermodynamic Efficiency, Quantum
Efficiency, Voc ratio, and Fill Factor. Reflectance losses are a portion of the Quantum Efficiency under
External Quantum Efficiency. Recombination losses make up a portion of the Quantum Efficiency, Voc ratio,
and Fill Factor. Resistive losses are predominantly categorized under Fill Factor, but also make up minor
portions of the Quantum Efficiency, Voc ratio. Generally, solar cells on the market today do not produce
much electricity from ultraviolet light; instead it is either filtered out or absorbed by the cell, heating the cell.
That heat is wasted energy and could even lead to damage to the cell.

XI. TYPES OF SOLAR CELLS

Today, four generations of solar cells are available, thus, enabling the use of different types of solar cells

according to our needs and preferences. Some of the significant ones have been described in this article.

1. First-generation (1G) Solar Cells- Traditionally, the first-generation (1G) PV technology is known to
comprise of photovoltaic technology based on thick crystalline films (mainly Si) which not only leads to
high efficiency but also high cost.

2. Second- Generation (2G) Solar Cells- The second-generation (2G) solar cells were developed with the
aim of reducing the high costs prevalent in 1G through the utilization of thin film technology; the idea
being to save on bulk material cost with a significant reduction in the quality and quantity of the
material used and the challenge of increasing the thin film absorption to compensate for the reduced
thickness in the photoactive layers.

3. Third-Generation (3G) Solar Cells- Thereafter began a true race to design materials at the nanoscale
and scale-up to the macroscopic areas. For the first time, significant attention was paid to the charge and
energy transfer processes and the respective routes to optimize charge collection, thereby enhancing the
energy capture within the solar spectrum. With the introduction of organic materials exhibiting
photovoltaic properties, their potential for low cost and high optical absorption placed them as a 3G
technology.

4. Fourth-generation (4G) Solar Cells- The fourth generation (4G) of PV technology which combines the
low cost/flexibility of polymer thin films with the stability of novel inorganic nanostructures was
introduced with the aim of improving the optoelectronic properties of the low-cost thin film PVs.
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XIil. APPLICATIONS

1. Solar pumps are used for water supply.
2. Domestic power supply for appliances include refrigeration, washing machine, television and lighting
3. Ocean navigation aids: Number of lighthouses and most buoys are powered by solar cells.
4. Telecommunication systems: radio transceivers on mountain tops, or telephone boxes in the

country can often be solar powered.
5. Electric power generation in space: To providing electrical power to satellites in an orbit around the

Earth

XIIl. CONCLUSIONS

In conclusion, we have reviewed the evolution of solar (photovoltaic) cells based on a series of materials over
the years. The light from the Sun is a non-vanishing renewable source of energy which is free from
environmental pollution and noise. For human, animals and plants solar energy is equally important. Solar
energy is lauded as an inexhaustible fuel source that is pollution and solar energy is already economically
viable in many applications, and will continue to expand as production continues to increase in scale. Solar
PV is one of the very few low-carbon energy technologies with very high potential to grow to very large scale.
The direct conversion of light into electrical energy is called Photovoltaic (PV). Photovoltaic devices which
convert solar energy into electricity are called solar cells. Though solar cell has some disadvantage associated
it, but the disadvantages are expected to overcome as the technology advances, since the technology is
advancing, the cost of solar plates as well as the installation cost will decrease down so that everybody can
effort to install the system. Furthermore, the government is laying much emphasis on the solar energy so
after some years we may expect that every household and also every electrical system is powered by solar or
the renewable energy source. Solar power generation has been developed as one of the most demanding
renewable sources of electricity. It has several advantages compared to other forms of energy like fossils fuels
and petroleum deposits. It is an alternative which is promising and consistent to meet the high energy
demand. Solar energy is the need of the day and research on the solar cells has a promising future worldwide.
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