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PHYSICS

The popular technologies

used to harness the energy of
the sun are solar thermal and
photovoltaics (solar cells). In
Part | of this article that was
carried in the 3rd issue of this
magazine, solar thermal and
organic solar cells technologies
were discussed. Ve now
continue our discussion on solar
cell technology, its development
and application.

What are Photovoltaics?

Photovolaics (PVs) are devices which con-
vert sunlight directly into electrical energy.
PVs are alternatives to the traditional means
of energy generation using fossil fuels. Since
the sun is the resource of PV cells, and that
resource cannot be depleted, then PVs are
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grouped as renewable methods of energy
generation.

Photovoltaics made their debut with the
discovery of the photoelectric effect by
Edmund Becquerel in 1839. He observed
that a voltage developed within two meals
when they were exposed to light At that
time, however, the use of the photoelectric
effect for power generation was not con-
sidered since efficiencies obmined were
less that 1%. The development of the first
operational semiconductor PV cellin 1954
at Bell Laboratories' with efficiency six
times the maximum efficiency gained by
previous methods’ resulted in an increased
interest in PVs as a source for power gen-
eration. Due to high capital costs and rela-
tively low efficiencies, PVs were only used
for space applications where the require-
ment of having light-weight, static power
generators superseded the cost factor.

Space applications prompted more ro.
search into increasing the efficiencies. T
resulted in PVs being made from differen,
materials and being more resistant to ey.
treme radiation.

Considerations of PVs for terrestrial
applications were due to the oil crisis iy
the 1970s. Research into reducing the cog

of PVs became the focus. In the 19gy; |

photovoltaics became a popular power

source for consumer electronic devices |

such as calculators, watches and other

small battery charging applications. Oh. §
er PV technologies also emerged on the |

commercial market Today PV technologies
can vary from the base material to many
facture process with efficiencies var
rom 5.4% for organic PVs to 41% for con
centrator PVs.

PHYSICS

;4. [ cell utilizes a p-n junction dunng L
ct conversion of sunlight into electricity
Ser aductor materials are usually used to
make the P n junction. The p-n junction is
formed when a p-type semiconductor (one
with 2 greater concentration of positive
mobile charges) and an n-type semiconduc.
tor (one with a greater number of negative
mabile charges) are connected together. The
different concentrations will cause migration
of the positive and negative mobile charges
1o the n-type and p-type semiconductors, re-
spectively This creates an electric field within
the p-n junction which will direct mobile
charges across the junction in one specific
direction based on their charge.
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Light energy. when shone on the PV cell,
is absorbed and the energy is transferred
1o the electrons of the p-n junction. These
electrons gain enough energy to escape the
bound state and become moabile. The elec-
tric field within the p-n junction forces these
mobile charges in one direction resulting in
current flowing through an external load and
back to the cell as illustrated by Figure |
Once the charges are back in the PV cell the
process begins again: a charge absorbs light
and gains energy thus becoming mobile, the
mobile charge is collected by the p-n junc-
tion, it leaves the device to dissipate its en-
ergy as they travel through a load and then
re-enters the solar cell

Photovoltaic cells can be connected to form
the phorcvulmlc module (solar panel) to
produce a combined electric current. Silicon
was the first and is sull the most popular
semiconductor material used to make PVs.

PV T nologies and Perfor-
mance Ratings
In order to make PVs economically compet-

| tive, different types of raw materials as well as

different manufacturing processes are used.
Cheaper raw materials with the ability to ef-
fectively absorb sunlight were investigated.
Also different manufacturing processes were
used to reduce the high production costs.
This has resulted in various PV technologies
becoming available on the market.

Commercially available photovolaics are
now classified based on the raw materials
used and the manufacturing processes in-

. volved. There are three main types of PVs:
- crystalling, thin film and most recent organic

PVs. Each PV technology has its own unique
response to different operating enviren-
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,f,m I:The action of the p-n junction of a PV cell. The positive and negative charges move
033 the p-n junction generating electricity to fight a bulb
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Applications of Photovoltaics
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