IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613

Solar Cell

Krishna Mohan Thakur?! Vivek Kumar Soni?
L2Department of Electrical and Electronics Engineering
12pgIT Kanpur, India

Abstract— The scale of solar energy is quite wide and its
intensity varies according to the timing of the day and the
geographical location of the country. In India the sun first
rises in the Arunachal Pradesh, so the intensity of sunlight in
Arunachal Pradesh is more than in comparison of other states
of India. This is applied all over the world. In this paper
applications and generations of solar cells are discussed.
Solar cells and photovoltaic cells are devices that convert
light direct into electricity. A solar cell is an example of a
photovoltaic device, i.e, a device that generates voltage when
exposed to light. The functioning of a solar cell is similar to
the photodetector cell. It is a photodiode that is unbiased and
connected to a load. There are three qualitative differences
between a solar cell and photodetector.

1) A photodiode works on a narrow range of wavelength
while solar cells need to work over a broad spectral range
(solar spectrum).

2) Solar cells are typically wide area devices to maximize
exposure.

3) In photodiodes the metric is quantum efficiency, which
defines the signal to noise ratio while for solar cells, it is
the power conversion efficiency which is the power
delivered per incident solar energy.

4) Concentrated photovoltaic technology (CPV) uses optics
such as mirrors and lens to focus sunlight on solar cells
for the sake of generating electricity.
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. INTRODUCTION

The solar cell was discovered by Alexander-Edmond
Becquerel in 1839. The photovoltaic effect was formed
between an electrode and an electrode. The first photovoltaic
device was built, using a Si pn junction, by Russell Ohl in
1939. A solar cell, or photovoltaic cell, is an electrical device
that convert light energy directly into electricity by the effect
of photovoltaic. Solar PV cells have nonlinear characteristics.
Its efficiency is very low and the DC power output varies with
solar irradiation and ambient temperature [1]. In order to get
the maximum power from solar PV in different ambient
conditions it is necessary to fix the operating point at the
maximum power of the PV curve [2]. To achieve this task
various techniques are proposed named as maximum power
point tracking (MPPT) schemes [2-10]. Which is a chemical
and physical phenomenon. The characteristics of solar cell
such as current or resistance changes when it is exposed to
light. Solar cells and the external load that are connected are
designed to maximize- the delivered power. It ensures better
quality of life. All over the world energy is one of the leading
issues and every country is looking for energy resources as its
demand is increasing sharply.

Il. SOLAR CELL WORKING PRINCIPLE

A simple solar cell is a pn junction diode. The n region is
highly doped and thin so that light can penetrate through it
easily. The p region is lightly doped that’s why most of the

depletion region lies in the p side. e. The penetration depends
on the wavelength and the absorption coefficient increases as
the wavelength decreases. Electron hole pairs (EHPs) are
mainly created in the depletion region.

When an external load is applied, the excess
electrons travel through the load to recombine with the excess
holes. Electrons and holes are also generated with the p and n
regions, as seen from figurel.
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Fig. 1: pn Junction Diode.

1. 1-v CHARACTERISTICS OF SOLAR CELL

We can calculate the i-v characteristics of the solar cell by
considering the equivalent circuit. The i-v characteristics
depend upon the following things,

1) Intensity of the incident radiation

2) Operating point or External load

If the external circuit is a short circuit (external load
resistance is zero) then the only current is due to the generated
EHPs by the incident light. This is called the photocurrent,
denoted by Iph. Another name for this is the short circuit
current, Isc. By definition of current, this is opposite to the
photo current and is related to the intensity of the incident
radiation, lop, by

Isc = —Iph = —klop (1)

In this given equation k is a constant and it depends
upon on a particular device. When external load R is applied
and the equivalent circuit is shown below (fig 2). Voltage
across the external load is given by V = IR. This voltage
opposes the built in potential and reduces the barrier for
carrier injection across the junction.
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Fig. 2: Circuit with External Load.

This is similar to a pn junction in forward bias,
where the external bias causes injection of minority carriers
and increased current. The characteristic of PV cell is
nonlinear and vary with different irradiation levels and
ambient temperature. The equivalent circuit model [4] of
solar PV module.

This forward bias generated opposes the photo
current within the device due to the solar radiation. This is
because Iph is generated due to electrons going to the n side
and holes to the p side due to the electric field within the
device, i.e. drift current while the forward bias current is due
to diffusion current with a constant current source, a forward
biased pn junction and the external load.

This method of MPPT is not very popular because
measuring ISC is a problem. An additional switch is to be
added to periodically short the PV array so that ISC can be
measured using sensor due to which the cost is increased.
This method does not give reliable results particularly under
varying atmospheric conditions. [8].
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Fig. 3: I-V Characteristics Of Solar Cell.

IV. SOLAR CELLS MATERIALS AND EFFICIENCY

Solar cells are made by si single crystal carrying an efficiency
of 20-22% while polycrystalline si cells carrying an
efficiency of 18%. The efficiency of the solar cell depends on
the band gap of the material Polycrystalline solar cells are
cheaper to manufacture but have a lower efficiency since the
microstructure introduces defects in the material that can trap
carriers. Various enhancement are done in solar cells to
improve the efficiency. Particular band gap range is available
where the efficiency is maximum. Typical solar cells are
made of the same material so that the pn junction is a
homojunction. A comparison is given for solar cell materials
and their efficiencies which can be summarised in a table.
Efficiency of solar cell is greatly affected by the amount of
solar irradiance. It is one of the most dynamic factors which
change the solar array performance [5]. Heterojunction solar
cells are also possible and they have the advantage of

minimizing absorption in regions other than the depletion
region, but overall cost increases because of the use of
different materials and the tight processing conditions needed
to produce defect free interfaces.

GaAs

black-body limit

P
l* ;

*
CIGS

Solar cell efficiency (%)

*
a-Si:H

0.5 1.0 1.5 2.0 25

Semiconductor bandgap (eV)
Fig. 4: Solar cell efficiency as a function of band gap of the
semiconductor material.

The wavelength which are shorter are absorbed by
AlGaAs layers while the wavelength which are longer are
absorbed by GaAs layer. By this we can gain an efficiency
around 24%. A PVC plastic pipe with holes at the bottom was
fixed over the solar panel frame which was further fed from
a rubber pipe from a water tank which was filled by an electric
motor. Solar cells are made up of semiconducting materials,
such as silicon, which are doped with different impurities. For
example, under peak sunlight conditions.

There is an alternative method of improving the
solar solar efficiency and it can be done by putting more than
one cell in tandem. These can be called tandem solar cell.
Tandem solar cells comprises of a two pn junction solar cells,
first one having a higher band gap then second one. Thus, the
shorter wavelengths can be absorbed in cell 1, and the longer
wavelength can be aborb in cell 2. The advantage is that a
larger portion of the solar radiation is used so that tandem
cells have high efficiency, but it also adds a layer of
complexity in growth and increases cost. Tandem cells can
also be made using amorphous Si:H and Ge:H. These are

cheaper to make and more efficient than individual
amorphous solar cell devices.
Semi- Eg | Voc | Jsc | 7
conductor | (Ev) | (V) % Comments
Si, single 11 0.5- 42 16- | Single crystal
crystal ' 0.7 24 PERL
Si,poly- 0.5- 12-
crystalline 11 0.65 38 19
Amorphous
films with
Am_grphous 8- tandem
Si:Ge:H
. 13 structure,
film
large-area
fabrication
Different band
gap materials
Tandem 1.03 | 279 | 25 in tandem
absorption
efficiency
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Table 1: Comparison of Different Materials

V. CONCLUSION

Solar power is an immense source of directly useable energy
and ultimately creates other energy resources: biomass, wind,
hydropower and wave energy. Most of the Earth's surface
receives sufficient solar energy to permit low-grade heating
of water and buildings, although there are large variations
with latitude and season. At low latitudes, simple mirror
devices can concentrate solar energy sufficiently for cooking
and even for driving steam turbines. The energy of light shifts
electrons in some semiconducting materials. This
photovoltaic effect is capable of large-scale electricity
generation. However, the present low efficiency of solar PV
cells demands very large areas to supply electricity demands.
Direct use of solar energy is the only renewable means
capable of ultimately supplanting current global energy
supply from non-renewable sources, but at the expense of a
land area of at least half a million km?.
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