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ABSTRACT

Nanotechnology is currently human’s most developed technology whose strategies in case of energies, especially the
solar energy, influence all the energy systems. This paper proposes the performance of conventional solar PV cells and outlines
the recent developments in nano-tech related to solar cells. Developments in nano-tech solar cells via nanotubes and quantum
dots could reduce the cost of PV cells and modules for bulk power generation as well as improve the cell conversion
efficiency.
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INTRODUCTION

Current solar power technology has little chance to compete with fossil fuels or large electric grids. Today’s solar
cells are simply not efficient enough and are currently too expensive to manufacture for large-scale electricity generation.
However, potential advancements in nanotechnology may open the door to the production of cheaper and slightly more
efficient solar cells. A PV cell that used sunlight to generate clean electric power was first designed and fabricated by Bell
Laboratories in 1955. Over the last five decades, numerous studies have reported the notable progress in PV cells design and
performance for terrestrial applications. Several pioneering research and development have been conducted on crystalline
silicon cells, amorphous silicon cells, CIGS (copper-indiumgallium- diselenide) solar cells and other compound solar cells, and
dye-sensitized solar cells.Crystalline silicon cells, having a conversion efficiency of over 20 % over a small area, dominate the
recent trend of PV cell market. However, a solar cell module with crystalline silicon is expensive. In order to reduce the
production cost, research is being performed to develop thin-film solar cells with a thickness of under 100 _ m at low
temperature. On the other hand, amorphous silicon cells with a thickness of a few micrometers are inexpensive and can be used
for mass production. But their efficiency is relatively low. Further investigation is continuing for developing microcrystalline
silicon cells with laminated structures to improve cell efficiency. Whereas, CIGS solar cells have a potential to obtain cell
efficiencies near 20 % over a small cell area, the efficiency drops sharply over a large area. Dye-sensitized solar cells are
relatively inexpensive. In the last few years, extensive research has been conducted to reach cell efficiencies over 10 % over a
small cell area. This paper proposes the performance of conventional solar PV cells and outlines the recent developments in
nano-tech related to solar cells
CONVENTIONAL SOLAR CELLS

Conventional solar cells are called photovoltaic cells. These cells are made out of semiconducting material, usually
silicon. When light hits the cells, they absorb energy though photons. This absorbed energy knocks out electrons in the silicon,
allowing them to flow. By adding different impurities to the silicon such as phosphorus or boron, an electric field can be
established. This electric field acts as a diode, because it only allows electrons to flow in one direction. .Consequently, the end
result is a current of electrons, better known to us as electricity. Conventional solar cells have two main drawbacks: they can
only achieve efficiencies around ten percent and they are expensive to manufacture. The first drawback, inefficiency, is almost
unavoidable with silicon cells. This is because the incoming photons, or light, must have the right energy, called the band gap
energy, to knock out an electron. If the photon has less energy than the band gap energy then it will pass through. If it has more
energy than the band gap, then that extra energy will be wasted as heat. These two effects alone account for the loss of around
70 percent of the radiation energy incident on the cell.
NANOTECH SOLAR CELLS

In order to improve the conversion efficiency, the major research in third-generation PV cells is directed towards
absorbing more sunlight using nanotechnology, for example ‘nanotubes’, ‘quantum dots (QDs)’, and ‘hot carrier’ solar cells.
However, implementation of these nanotechnologies in the cell design is a real challenge. Current solar cells cannot convert all
the incoming light into usable energy because some of the light can escape back out of the cell into the air. Additionally,
sunlight comes in a variety of colors and the cell might be more efficient at converting bluish light while being less efficient at
converting reddish light. Lower energy light passes through the cell unused. Higher energy light does excite electrons to the
conduction band, but any energy beyond the band gap energy is lost as heat. If these excited electrons aren’t captured and
redirected, they will spontaneously recombine with the created holes, and the energy will be lost as heat or light. In bulk
material, the radius is much smaller than the semiconductor crystal. But nanocrystal diameters are smaller than the Bohr radius.
Because of this, the “continuous band” of electron energy levels no longer can be viewed as continuous. The energy levels
become discrete, and quantum confinement is seen to operate. The difference of a few atoms between two quantum dots alters
the band gap boundaries. Small nanocrystals absorb shorter wavelengths or bluer light, whereas larger nanocrystals absorb
longer wavelengths or redder light. Changing the shape of the dot also changes the band gap energy level as shown in Figure
1.To make the improved solar cells, the researchers began by first converting bulk silicon into discrete, nano-sized particles.
Depending on their size, the nanoparticles will fluoresce in distinct colors.
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Fig.1.The relationship of size of quantum dot to the light absorbed

Nanoparticles of the desired size were then dispersed in isopropyl alcohol and dispensed onto the face of the solar
cell. As the alcohol evaporated, a film of closely packed nanoparticles was left firmly fastened to the solar cell. Solar cells
coated with a film of 1 nanometer, blue luminescent particles showed a power enhancement of about 60 percent in the
ultraviolet range of the spectrum, but less than 3 percent in the visible range. Solar cells coated with 2.85 nanometer, red
particles showed an enhancement of about 67 percent in the u traviolet range, and about 10 percent in the visible range of the
spectrum. Ultra thin films of highly mono dispersed luminescent Si nanoparticles are directly integrated on polycrystalline Si
solar cells. Films of 1 nm blue luminescent or 2.85 nm red luminescent Si nanoparticles produce large voltage enhancements
with improved power performance of 60% in the UV/blue range. In the visible, the enhancements are ~10% for the red and
~3% for the blue particles.
B.Nanorods

These new plastic solar cells utilize tiny nanorods dispersed within in a polymer. The nanorods behave as wires
because when they absorb light of a specific wavelength they generate electrons. These electrons flow through the nanorods
until they reach the aluminum electrode where they are combined to form a current and are used as electricity

Fig.2, Picture of a solar cell, which utilizes nanorods to convert light into electricity

C.Nanotubes

Carbon nanotubes are molecular-scale tubes,consisting of a hexagonal lattice carbon with remarkable mechanical and
electronic properties. The structure of a nanotube can be represented by a vector, (n-row, mcolumn),which defines how the
graphene (graphene is an individual graphite layer) sheet is rolled-up [23]. Nanotubes can be either metallic or semiconducting
depending on their structures. There are two types of nanotubes, the singlewalled carbon nanotubes (SWNTSs) and the multi-
walled carbon nanotubes (MWNTSs). SWNTs consist of a single graphite sheet wrapped into a cylindrical tube and MWNTS
comprise an array of concentric cylinders. In PV cells technology, the nanometer-scale tubes, coated by the special p-type and
n-type semiconductor (p/n) junction materials can be used to generate electrical current, which would increase the surface area
available to produce electricity. In recent years, nanotubes are used as the transparent electrode for efficient, flexible polymer-
solar cells. In order to improve efficiency and reduce cost, a molecular dispersed heterojunction solar cell, consisting of a poly
(3-octylthiophene) (i.e.,P30T) and dye (naphthalocyanine, i.e.,NaPc) coated single-walled carbon nanotubes blend sandwiched
between electrodes (aluminum and indium tin oxide (ITO) glass) was fabricated. The dye (NaPc) acts as the sensitizer, which
transforms electrons to the nanotubes and holes to the polymer as shown in Fig. 2. The nanotubes provide high field at the
polymer/ tube interfaces for exciton dissociation.
D.Escape Route

Escape route: Electrons created in a nanoparticle-based solar cell have to follow a circuitous path (red line) to reach
an electrode. Many don't make it, lowering the efficiency of these cells. Researchers at Notre Dame have used carbon
nanotubes to help the electrons reach the electrode, improving efficiency. Without the carbon nanotubes, electrons generated
when light is absorbed by titanium-oxide particles have to jump from particle to particle to reach an electrode. Many never
make it out to generate an electrical current. The carbon nanotubes "collect" the electrons and provide a more direct route to
the electrode, improving the efficiency of the solar cells.
IMPROVING THE SOLAR CELLS

Present available nanotechnology solar cells are not as efficient as traditional ones, however their lower cost offsets
this. In the long term nanotechnology versions should both be lower cost and, using quantum dots, should be able to reach
higher efficiency levels than conventional ones. To coat the nanoparticles with quantum dots—tiny semiconductor crystals.
Unlike conventional materials in which one photon generates just one electron, quantum dots have the potential to convert
high-energy photons into multiple electrons. Quantum dots work the same way, but they produce three electrons for every
photon of sunlight that hits the dots. Electrons move from the valance band into the conduction band. The dots also catch more
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spectrums of the sunlight waves, thus increasing conversion efficiency to as high as 65 percent. Another area in which
quantum dots could be used is by making so-called a hot carrier cells. Typically the extra energy supplied by a photon is lost as
heat, but with a hot carrier cells the extra energy from the photons result in higher-energy electrons which in turn leads to a
higher voltage.
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Fig.3. a) Quantum-dot (b) Current density-voltage curves

COST REDUCTION

Conventional crystalline silicon solar cell manufactured by high of using a low temperature process similar to
printing. Nanotechnology reduced installation costs achieved by producing flexible rolls temperature vacuum deposition
process but nanotechnology. Reduced manufacturing costs as a result instead of rigid crystalline panels. Cells made from
semiconductor thin films will also have this characteristic. Nanosolar company have successfully created a solar coating that is
the most cost-efficient solar energy source ever. Their Power Sheet cells contrast the current solar technology systems by
reducing the cost of production from $3 a watt to a mere 30 cents per watt. This makes, for the first time in history, solar power
cheaper than burning coal.

Photovoltaic Device: Efficiency/Cost
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Fig 6. Cost/Efficiency Curve

CONCLUSION

In the present work, proposes the performance of conventional solar PV cells and outlines the recent developments in
nano-tech related to solar cells. Developments in nano-tech solar cells via nanotubes and quantum dots reduced the cost of PV
cells and modules for bulk power generation as well as improved the cell conversion efficiency. nanotechnology is only
capable of supplying low power devices with sufficient energy, its implications on society would still be tremendous
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