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Optoelectronic Applications of Semiconductor Nanomaterials

Prof. Omar Manasreh
University of Arkansas,

USA
Semiconductor
materials form the bases for most
optoelectronic devices. The
fundamental property that

distinguishes these semiconductor
materials from all other materials
including metal is the ability to dope
them with either acceptor or donor
atoms to produce p- and n-type

materials, respectively. For
example, GaAs doped with Si
produces n-type  semiconductor

while doping this material with C
produces p-type. The most common
semiconductor used for electronic
devices, such as transistors and logic
gates is silicon. All computers
chips, for example, are based on
silicon p-n junctions. However, Si
material is not a good candidate for
optoelectronic  devices  merely
because this material possesses
indirect band gap. Most III-V and
II-VI semiconductors are considered
direct band gap materials and
therefore they are good candidates
for optoelectronic applications. A
direct band gap semiconductor is
shown in Fig 1(a) where the
interbnand transition is vertical. This
transition is not vertical in indirect
band gap materials. An
optoelectronic device is a device
that emits light when biased with an
electric voltage or a device that
generate electric current when it
absorbs light (photons). Most of
these devices are based on p-n
junctions, such as solar cells,
photodiodes, light emitting diodes,
and laser diodes. The efficiencies of
these devices are considered low
when they are fabricated from bulk
material including thin films.
However, at the turn of the century,
advances in materials growth push
the size limits of the semiconductors
down to the nanoscale. These
advances lead to the growth of
nanomaterials known as

heterojuctions,  quantum  wells,
superlattices, quantum wires, and
quantum dots, even though the
epitaxial growth was common in the
seventies and eighties of the last
century. In particular, two major
advantages were associated with the
growth  of nanomaterials  as
compared to their bulk counterparts.
1-The life-time of the charge
carriers is increased drastically.
This means the excited charge
carriers remain excited for a longer
time and the probability of
collecting them as electric currents
is much higher that the probability
of losing them by a non-radiative
process.

-The binding energy of the electron-
hole pair (also known as exciton)
that is generated upon the absorption
of photons is very high. In other
words, the electron-hole pair exists
even at room temperature for many
nanostructures. As a comparison,
the binding energy of the exciton in
bulk GaAs is about 4.0meV. This is
equivalent to a temperature of about
46 K while the exciton binding
energy in a quantum well made of
GaAs/AlGaAs is about four times
larger than the bulk material. In
many nanomaterials the excitons
binding energies are equivalent to
room temperature or even higher.
This means the electronic transitions
in these nanostructures can be
observed even at room temperature.
Therefore, devices, such as
photodiodes and photodetectors, can
operate at room temperature and
there is no need to cool them down
to liquid nitrogen temperature (77
K).

As the size of the nanomaterials is
reduced to the nanoscale, new
properties are generally observed
that cannot be explained by classical
means. For example, the resistance
(R) of a material can be expressed
classically in terms of the geometry
of the materials itself, such as
R=[1L/A, where [ is he resistivity,
L is the length of the material and A

is the cross section. However, this
equation is not valid for
nanomaterials. In bulk materials the
transport properties depend on drift
velocity, scattering, and mobility of
the charge carriers where the charge
carriers are considered particles. In
the nano-world, the nanomaterials is
so small that the transport property
are called coherent transport where
the charge particles are considered
waves with amplitudes, frequencies,
and phases. The newest electronic
and optoelectronic devices are really
based on the coherent transport
where scattering is not an issue.
This made them extremely fast
devices, such as single -electron
transistors, where the charges are
quantized. Quantum computing, for
example, if successful, can make a
cell phone equivalent to a
supercomputer with little power to
operate. Recent research activities
on nanomaterials are focused on
structure that operate in harsh
environment for space exploitation
and also reducing the gate length of
field effect transistors to less than 10
nm. This means the -electronic
systems, such as computers, become

faster, lighter in weight, and
consume less power.  New
discoveries related to the

nanomaterials are still in the bag and
we will see more of them in years to
come.

" |{ Intersubband
Intraband’ transition
transition H

Interband >

transition

Quantum Structure

(b)
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(@)
Figurel. Illustrations of various
electronic transitions are shown for
(a) a bulk semiconductor material
and (b) a quantum structure.
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