
Hot Carriers in Semiconductor
Nanostructures: Physics and Applications
Semiconductor nanostructures, characterized by their nanoscale
dimensions, exhibit remarkable properties that open up new avenues for
scientific exploration and technological advancements. Among these, the
behavior of hot carriers – electrons and holes with excess energy – holds
immense significance for the development of cutting-edge devices.
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This article delves into the fascinating world of hot carriers in
semiconductor nanostructures, presenting a comprehensive overview of
their physics and exploring their promising applications in various fields.

Physics of Hot Carriers in Nanostructures

In conventional semiconductors, electrons near the band edge possess
relatively low energies. However, in nanostructures, confinement effects
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and reduced dimensionality alter the energy spectrum, leading to the
emergence of hot carriers with higher energies.

The physics of hot carriers in nanostructures involves understanding their
generation, transport, and recombination dynamics. Hot carriers can be
generated through various mechanisms, such as optical excitation,
electrical injection, or phonon scattering. Their transport is influenced by
factors like energy relaxation, ballistic transport, and surface scattering.

Applications of Hot Carrier Nanostructures

The unique properties of hot carriers in nanostructures have spurred their
investigation for a wide range of applications:

Optoelectronics

Hot carriers play a crucial role in optoelectronic devices. In photodetectors,
they enable fast response times and high sensitivity to light. In light-emitting
diodes (LEDs),they contribute to improved efficiency and color tunability.

Photovoltaics

In solar cells, hot carriers hold the potential to enhance energy conversion
efficiency. By minimizing thermalization losses and optimizing carrier
collection, hot carrier nanostructures can boost photovoltaic performance.

Transistors

The high-energy nature of hot carriers offers benefits for transistors. They
allow for faster switching speeds and higher current densities, enabling the
development of high-performance electronic devices.

Recent Advances and Future Prospects



Research in hot carrier nanostructures is rapidly advancing, with significant
breakthroughs and emerging applications:

Plasmonics

The interaction between hot carriers and surface plasmons – collective
oscillations of electrons – has paved the way for plasmonic devices with
enhanced light manipulation and sensing capabilities.

Catalysis

Hot carriers have shown promise in enhancing catalytic reactions. They
can provide additional energy to reactants, reducing activation barriers and
improving catalytic efficiency.

Valleytronics

Valleytronics, a novel approach to device engineering, utilizes the valley
degree of freedom of electrons. Hot carrier nanostructures with valley-
dependent properties offer unique opportunities for valley-controlled
devices.

The field of hot carriers in semiconductor nanostructures presents a
treasure trove of scientific challenges and technological opportunities. By
harnessing the unique properties of these high-energy carriers, we can
unlock the potential for breakthroughs in various technological domains. As
research continues to expand our understanding and pave the way for
novel applications, the future of hot carrier nanostructures holds immense
promise for shaping future technologies.
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Additional Steps By Regulators Could Better
Protect Consumers And Aid
The financial services industry is constantly evolving, and with it, the risks
to consumers. Regulators have a critical role...

Trade Unions and Sustainable Democracy in
Africa: A Routledge Revival
Trade unions have played a vital role in the development of democracy in
Africa. They have fought for workers' rights, social justice, and...
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