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A REVIEW OF SILICON SOLAR CELLS IN
PHOTOVOLTAICS TECHNOLOGY
Abstract: One of the most inexhaustible and the
cleanest renewable energy resources is the solar
energy. Photovoltaic (PV) technology is one of the
finest ways for using the solar power. In the recent
years, the world’s development of PV technology is
growing very fast because of the technological
development and government support for renewable
energy. Photovoltaic is playing an important role to
utilize solar energy for electricity production
worldwide. The efficiency of solar cells is one of the
important facts in PV technologies. This paper
represents the review of the photovoltaic technology
based upon the silicon solar cells. In the last years,
the efficiency of crystalline silicon solar cells
(monocrystalline, polycrystalline) and amorphous
silicon solar cells have showed very good
improvement. In this paper, it is presented the
worldwide growth in solar photovoltaic technologies,
development of silicon solar cells, their efficiency and
their influence on the performance of PV module.
Keywords: Photovoltaic, Solar cells, Crystalline
silicon, Amorphous silicon

1. INTRODUCTION
Photovoltaic (PV) is one of the most
prominent renewable energy technologies,
characterized by a world-wide abundant
available fuel source – the sun. PV is the
direct conversion of radiation into
electricity. Photovoltaic systems contain
cells that convert sunlight into electricity.
Inside each cell there are layers of a semiconducting material. Light falling on the
cell create san electric field across the
layers, causing electricity to flow. The
intensity of the light determines the
amount of electrical power each cell
generates. The PV effect was discovered in
1839 by Becquerel while studying the
effect of light on electrolytic cells. Solar
cells developed rapidly in the 1950s owing
to space programs and used on satellites

(crystalline Si, or c-Si, solar cells with
efficiency of 6–10%) [1]. The energy crisis
of the 1970s greatly stimulated research
and development for PV. Research on
semi-conductors (III–V and II–VI) based
solar cells were studied since1960 and at
that time, new technology for polycrystalline Si (pc-Si) and thin-film solar
cell have been establish in order to lower
the material cost and energy input but
increase the production capacity [1]. PV is
currently a technically and commercially
mature technology able to generate and
supply short/mid-term electricity using
solar energy. However, the current PV
installations are still small and provide
only 0.1 % of world total electricity
generation but through some market report
indicated that PV installations are growing
at 40 % average annual rate ([2],[3]). PV
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technology has reduced its unit costs to
roughly one third of where it stood 5 years
ago, with continuous technical advance
and research for efficiency increase, PV
will certainly continue on the fast-growing
pace and eventually become an important
energy supplier in the world. It is predicted
by report on the solar photovoltaic
electricity empowering the world that PV
will deliver about 345 GW around 4 % by
2020 and 1081 GW by 2030 [4]. In this
paper, it is analyzed the current status of
the PV market and crystalline silicon solar
cells (c-Si), such as monocrystalline (mcSi), polycrystalline (pc-Si) and amorphous
silicon (a-Si)solar cells.

2. WORLDS PV MARKET TODAY
The rapid growth of the PV market
began in the 1980s. Today, the present PV
market grows at very high rates, 30 – 40
%, like the telecommunication and
computer sectors. World PV production in
2009 increased to 10.66 GW (Figure 1)
[1]. This became possible owing to
technology cost reduction and market
development, reflecting the increasing
awareness of the versatility, reliability, and
economy of PV electric supply systems.
Major market segments served by this
industry comprise consumer applications,
remote industrial systems, developing
countries, and grid-connected systems. Of
particular interest is the strong differential
growth rate in rural applications, which
now accounts for nearly half of the total
PV market. The second largest market is
industrial applications. PV applications are
progressively finding their markets mainly
in the United States, Japan, and the
European Union (mostly Germany) and
China/Taiwan.
The annual production of PV cells and
modules in the United States, Japan,
European Union, and China/Taiwan in
2009 was 595 MW, 1.5 GW, 1.93 GW,
and 5.19 GW, respectively [1]. Recently,
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China/Taiwan became the leading PV
country, and PV production has almost
doubled. According to Maycock [1],
another 6.9 GW of cell and 6.7 GW of
module capacity are being added—most of
it in China, Taiwan, and Japan - bringing
total global cell and module capacity to
25.1 GW and 22.7 GW, respectively.
Indian government is serious for solar
electricity production and other renewable
energy sources with the set up of a national
solar mission to make India a sale leader in
solar energy and have targeted for 500 GW
power production through solar energy by
2030. Wu et al. [5] conducted research on
grid connected PV system in China and
concluded that PV technology in China is
growing rapidly. This goal cannot be
achieved on wafer Si only because of an
expected Si shortage, despite a large
annual production of semiconductor-purity
Si, which is 30.000 tons/year. Quick
penetration of the second-generation PV
(thin-film solar cells) into the world PV
market is therefore required.

Figure 1. Evolution of world PV
cell/module production
At present, the PV market is
dominated (more than 40%) by gridconnected residential systems. Module
prices are in the range of US$ 3.0–4.5/Wp,
and the system prices are in the range of
US$ 5–7/Wp, depending on technology
and size. According to the US Department
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of Energy targets, the cost of energy is
US$ 0.06/kW h for utility, US$ 0.08/kW h
for commercial, and US$ 0.10/kW h for
residential applications by 2015.

3. MATERIALS FOR SOLAR
CELLS
At present, the PV market is
dominated (more than 40%) by gridconnected residential systems. Module
prices are in the range of US$ 3.0 –
4.5/Wp, and the system prices are in the
range of US$ 5 – 7/Wp, depending on
technology and size. According to the US
Department of Energy targets, the cost of
energy is US$ 0.06/kW h for utility, US$
0.08/kW h for commercial, and US$
0.10/kW h for residential applications by
2015.

Figure 2. Solar cell materials markets in
2010.
Silicon is a leading technology in
making solar cell due to its high efficiency.
However, due to its high cost, most
researchers are trying to find new
technology to reduce the material cost to
produce solar cell and to till date, thin film
technology can be seen as a suitable
substitute [6]. The reasons behind the low
cost of thin film technology are because it
uses less material and the layers are much
thinner
compared
to
mono-and
polycrystalline solar cell thus lowering the
manufacturing cost. However, the efficiency of this technology based solar cells is

still low. Three materials that have been
given much attention under thin film
technology are amorphous silicon,
CdS/CdTe and CIS, but researchers are
continuously putting in more effort to
enhance the efficiency. However, all of
these materials have some bad impact on
the environment [7]. Another solution for
thin film technology has been carried out
by researchers by using polymer organic as
a solar cell material. Polymer materials
have many advantages like low cost, light
weight and environmental friendly, but
they have very low efficiency compared to
other materials with just 4–5%.
3.1 Crystalline silicon
Silicon technology is the dominant
one for the supply of power modules into
photovoltaic applications. From all other
solar cell materials, crystalline silicon
based solar cell has the highest efficiency
compared to others [8]. On top of that,
silicon supply can be easily available since
it is the second easiest raw material that
can be found on earth. Crystalline silicon
offers an improved efficiency when
compared to amorphous silicon while still
using only a small amount of material.
Most commercial Si solar cells have
used boron-doped single-crystal wafers
(around 400 lm thick) grown by the
Czochralski (CZ) process. It is the
standard process used for the needs of
microelectronics. CZ Si is free from lattice
defects; however, it contains residual
impurities such as oxygen, carbon, and
transition-metal ions. Oxygen introduced
from a quartz crucible is beneficial for
microelectronics, because the oxygen
strengthens the wafers and can also be
used for guttering defects from wafer
surfaces. Oxygen reacts with the boron to
form an electronically active defect that
limits the quality of the material after
illumination [9]. Magnetic confinement is
used to reduce the amount of oxygen by
transferring material from the crucible
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within the melt. Si grown by the float zone
(FZ) process is the preferable method for
solar cells of highest efficiencies because it
has the lowest recombination losses.
Likely changes are an increasing
proportion of multi-crystalline silicon and
monocrystalline silicon being used for
high-efficiency solar cells while thinner
wafers and ribbon silicon technology
continue to grow [10]. Braga et al.
reviewed the recent advances in chemical
and metallurgical routes for photovoltaic
silicon production and found that
production of (solar-grade silicon) SoGSi
can be five times more energy efficient
than the conventional Siemens process that
uses more than 200 kWh/kg [11]. Keogh et
al. suggested that testing of silicon solar
cells under natural sunlight is simpler,
cheaper, and more accurate than all but the
most careful simulator measurements [12].
The brief overview of silicon crystalline
materials is given below.
3.1.1 Monocrystalline silicon cells
In this process, high-purity, semiconductor-grade silicon is melted in a
crucible, usually made of quartz. Dopant
impurity atoms such as boron or
phosphorus are added to the molten silicon
in precise amounts to dope the silicon, thus
changing it into an n-type or p-type silicon.
This influences the electronic properties of
the silicon. A precisely oriented rodmounted seed crystal is dipped into the
molten silicon. The seed crystal’s rod is
slowly pulled up ward sand rotated
simultaneously. By precisely controlling
the temperature gradients, rate of pulling
and speed of rotation, it is possible to
extract a large, single-crystal, cylindrical
ingot from the melt. Occurrence of
unwanted instabilities in the melt can be
avoided by investigating and visualizing
the temperature and velocity fields during
the crystal growth process. This process is
normally performed
in
an inert
atmosphere, such as argon, or in an inert
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chamber, such as quartz [14].
This type of material has been widely
used in developing PV cells due to its high
efficiency compared to polycrystalline
cells by 15%. Among other type of solar
cell material, monocrystalline solar cell
has highest efficiency with more than 20%
but for commercialization, the efficiency
claim from manufacturer are normally lies
between 15 % and 17 %.
3.1.2 Polycrystalline silicon cells
Polycrystalline cell is a suitable
material to reduce cost for developing PV
module; however, its efficiency is low
compared to monocrystalline cell sand
other developing materials [15]. Even
though, polycrystalline cell have low flaws
in metal contamination and crystal
structure compared to monocrystalline cell
[16]. Polycrystalline silicon is produced by
melting silicon and solidifying it to orient
crystals in a fixed direction producing
rectangular ingot of polycrystalline silicon
to be sliced into blocks and lastly into thin
wafer. However, final step can be
abolished by cultivating ribbons of wafer
thin ribbons of polycrystalline silicon.
Polycrystalline manufacturing technology
was developed by Evergreen Solar [17].
3.2 Amorphous silicon
Amorphous silicon is a non-crystalline
form of silicon in disordered structure and
has 40 times higher rate of light
absorptivity compared to monocrystalline
silicon [18]. Amorphous (uncrystallized)
silicon is the most popular thin film
technology with cell efficiencies of 5–7%
and double- and triple-junction designs
raising it to 8–10%. Some of the varieties
of amorphous silicon are amorphous
silicon carbide (a-SiC), amorphous silicon
germanium (a-SiGe), microcrystalline
silicon (mc-Si), and amorphous siliconnitride (a-SiN). Tawada et al. developed a
series of production technologies for stable
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8% efficiency direct-super-straight-type
modules along with large area a-Si
deposition technique. Radue et al. [18] in
their paper analyzed the degradation of
three technologies of amorphous silicon
which are single junction amorphous
silicon, triple junction amorphous silicon
and flexible triple junction amorphous
silicon and found that each materials
degrade by 45%, 22% and 27%,
respectively.
3.3 Hybrid solar cells
Generally, the idea of hybrid solar
cells is by combining crystalline silicon
with non-crystalline silicon [19]. Higher
ratio of performance to cost has been
evaluated by the adopting amorphous
silicon with crystalline silicon. One of the
biggest solar cell manufacturers from
Japan, Sanyo has developed a hybrid solar
cell with 21 % efficiency. It is called as
HIT (combination of Hetero junction and
Intrinsic thin film layers solar cell). The
base of this solar cell is n-type CZ silicon
wafer that functions as a light absorber.
Sanyo plans to commercialize this solar
cell and plant production is on the way.

4. EFFICIENCY OF SOLAR
CELLS
The efficiency of solar cell is one of
the important parameter in order to
establish this technology in the market.
Presently, extensive research work is going
for efficiency improvement of solar cells
for commercial use. Si cell efficiency can
be divided into four stages, with each stage
corresponding to new solutions in
technology or cell structure. In the
beginning of the “semiconductor era”
(after the discovery of the bipolar
transistor in 1948), the rapid progress of
silicon technology allowed production of
Si solar cells with 15% efficiency. In the
second stage (1970s), 17% efficiency Si

solar cells were fabricated due to
achievements in microelectronics (e.g.,
photolithography). The most significant
results have been obtained in the third
(1980s) and fourth (2000+) stages, and Si
cell efficiencies close to 25% have been
achieved. These efficiencies were due to
improved contact and surface passivation
of the cell, along the front and rear
surfaces, as well as an improved
understanding of the significant role of
light-trapping in Si devices [10]. The
efficie-ncy of monocrystalline silicon solar
cell has showed a very good improvement
year by year. It starts with only 15 % in
1950s and then increased to 17 % in 1970s
and continuously to increase up to 28 %
nowadays. According to Zhao et al. [10]
research work, the role of light trapping in
polycrystalline solar cell and improvement
of contact and surface of solar cell help in
increasing
the
efficiency.
The
polycrystalline solar cell also achieved
19.8 % efficiency to this date but the
commercial efficiency of polycrystalline is
coming in between 12 % and 15 %. Nowadays, GaAs has the highest efficiency
among the all other solar cell materials
with 40.7 % efficiency achieved in 2010.
The new materials for solar cells i.e., dyesensitized and organic base cells are still
rated at low efficiency with only 5.4 %
until 2010. The monocrystalline solar cell
has 24.7 % efficiency, polycrystalline cells
with 20.3 % and thin film technology with
19.9 % in 2010, respectively.

5. ENVIRONMENTAL ASPECTS
Parida in his paper [9] has analyzed
the envoironmental aspects of PV
technology. Tezuka et al. proposed a new
method for estimating the amount of CO2emission reduction in the case where the
carbon-tax revenue is used as the subsidy
to promote PV-system installations and
concluded that the amount of CO2emission
reduction
increases
by
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advertising the PV system with subsidy
policy even under the same tax-rate and
the CO2-payback time of the PV system
reduces by half. Krauter et al. examined a
CO2 comprehensive balance within the
life-cycle of a photovoltaic energy system
and found that the actual effect of the PV
system in terms of net reduction of carbon
dioxide is the difference between the sum
of electrical yield related to the local grid
and the value for recycling and the sum of
the production requirements and the
transport emissions [9]. Kannan et al.
performed life cycle assessment and life
cycle cost analysis for a distributed 2.7
kWp grid-connected monocrystalline solar
PV system operating in Singapore and
provided various energy payback time
(EPBT) analyses of the solar PV system
with reference to a fuel oil-fired steam
turbine and their greenhouse gas (GHG)
emissions and costs are also compared
revealing that GHG emission from
electricity generation from the solar PV
system is less than one-fourth that from an
oil-fired steam turbine plant and one-half
that from a gas-fired combined cycle plant
[9]. Hondo presented the results of a life
cycle analysis (LCA) of greenhouse gas
emissions from power generation systems
in order to understand the characteristics of
nine different types of power generation
systems that included solar-photovoltaic
(PV) from the perspective of global
warming and life cycle greenhouse gas
(GHG) emission per kWh of electricity
generated was estimated for the systems
using a combined method of process
analysis and input–output analysis [9].

6. FUTURE OF PV
TECHNOLOGY
With the fossil fuels in the verge of
exhaustion, the renewable sources are
being seen as the prospective potentials for
energy. The solar PV technology is one
such source that can look up to as vast
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research is being carried out and a
significant improvement in performance
has been achieved. The PV is of the fastest
growing industries worldwide and in order
to maintain this growth rate need for new
developments with respect to material use
and consumption, device design, reliability
and production technolo-gies as well as
new concepts to increase the overall
efficiency arises]. Feltrin et al. analyzed
several photovoltaic technolo-gies, ranging
from silicon to thin films, multi-junction
and solar concen-trator systems for
terawatt level deployment of the existing
solar cells, and for each technology,
identified impro-vements and innovations
needed for further scale-up [9].

7. CONCLUSION
The worldwide energy consumption is
increasing every year and different
technologies are using to produce
electricity to compete the energy demand.
The environmental pollution is also a
serious problem nowadays. Solar PV
technology is growing rapidly in past
decades and can play an important role to
achieve the high energy demand
worldwide. Huge amount of PV systems
installed yearly shows the seriousness and
the responsibility of every country about
the issue to save the earth by using
renewable energy. This paper illustrated
about the worldwide status of crystalline
and non-crystalline silicon PV technology
for solar cells and their efficiency.
Presently, mono and polycrystalline
PV technology have more than 40 %
market share with 15–17 % efficiency.
However, thin film solar cells are also in
development stage and extensive research
work is going for efficiency improvement
for commercial use.
The solar cell production has some
disadvantages on environment during
manufacturing and process time but it
gives much more advantages during use.
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The electricity production through PV
system is clean and safe for environment
with comparison to coal and fossil fuel.
Electricity production through PV module
reduces the carbon dioxide emission in

environment and safe for global warming
problem. At the end of PV module life, it
can be recycled and safely disposal will
give minimum effect on environment.
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