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Annotation: This paper explores the recombination mechanisms in III-V group semiconductors,
focusing specifically on Gallium Arsenide (GaAs) and Indium Phosphide (InP). These materials
are widely used in optoelectronic devices due to their direct bandgap and high electron mobility.
The study discusses different types of recombination processes including radiative, non-radiative,
and Auger recombination, and analyzes their dependence on factors such as temperature, doping
level, and crystal defects. A comparative analysis between GaAs and InP is presented to
highlight their performance in various applications such as LEDs, lasers, and high-efficiency
solar cells. Understanding the recombination dynamics in these semiconductors is crucial for
improving the efficiency and reliability of modern electronic and photonic devices.
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Semiconductor materials are widely used in modern electronics and optoelectronics. In particular,
[I-V group semiconductors such as Gallium Arsenide (GaAs) and Indium Phosphide (InP) are
distinguished by their direct bandgap, high carrier mobility, and efficiency. These materials are
primarily used in lasers, LEDs, solar cells, and high-speed electronic devices.

Gallium Arsenide (GaAs) is a III-V group AIII-BV compound semiconductor material with a
metallic luster and a dark gray crystalline appearance. GaAs is a direct bandgap semiconductor
with a bandgap energy of approximately 1.42 eV at 300 K, making it highly suitable for
optoelectronic applications. Due to its high electron mobility (approximately 8500 cm?/V-s) and
low dielectric loss, GaAs is widely used in infrared optics, optoelectronics, and microelectronics.
Typically, GaAs crystals are doped with impurities that substitute gallium or arsenic atoms in the
crystal lattice, thereby modifying the material's electrical characteristics. These dopants may
occupy substitutional or interstitial lattice sites. The interaction between these impurities and
intrinsic crystal defects significantly affects the overall electrical and optical properties of the
material. Heavily silicon-doped GaAs crystals are employed in the manufacturing of injection
lasers, LEDs, photocathodes, and microwave generators. In microelectronics, semi-insulating
GaAs compounds such as GaAlAs are used as a base material. GaAs crystals are grown using
various methods, including the Czochralski technique, zone melting, and vertical and horizontal
directional solidification. In optical applications, high-purity, semi-insulating GaAs crystals are
preferred. For instance, when low-power CO: lasers with wavelengths of 9.6-10.6 microns are
used, GaAs serves as an alternative to zinc selenide (ZnSe) in the production of lenses and beam
splitters.
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In group III-V semiconductors, particularly Gallium Arsenide (GaAs), recombination processes
are generally divided into three main types: radiative (light-emitting), non-radiative, and Auger
recombination. Among them, radiative recombination is one of the most important, especially in
optoelectronic devices (such as LEDs and laser diodes).

Radiative recombination is typically modeled using the Van Roosbroeck—Shockley approach,
which takes into account the emission of a photon (quantum of light) as a result of recombination.
Recent research has updated this model to address discrepancies between theoretical predictions
and experimental results.

To determine the radiative recombination coefficient , the following integral is used:
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In this model, the temperature dependence of and the energy bandgap is neglected, since they
vary slowly with temperature. This approach leads to a first-order approximation for the
temperature dependence of the radiative lifetime , expressed as:

_ 1 CNe(T)-Ny(T)
_B(T)-ND/A_ T

T

Here, is the Np /Adonor/acceptor concentration, N¢(T) and Ny/(T) are the temperature-dependent

effective density of states for the conduction and valence bands, respectively. Using the
. . . .- . 3

parabolic band approximation, these densities are proportional to T 2.

For GaAs at temperatures below 300K, this approximation yields accurate results with an error
less than 7%:

T=AT?
For higher temperatures, a more accurate empirical model is expressed as:
T=A,(1+52.39¢~1715meV/keT) T2

These formulas provide a clear understanding of the temperature dependence of radiative
recombination in GaAs, which is crucial for evaluating the performance and efficiency of
semiconductor devices.

Conclusion. Recombination processes in gallium arsenide (GaAs) semiconductors play a critical
role in determining the efficiency and performance of optoelectronic and microelectronic devices.
The primary recombination mechanisms observed in GaAs are radiative recombination, non-
radiative  (Shockley—Read—Hall) recombination, and Auger recombination. Radiative
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recombination is highly efficient in GaAs due to its direct band gap structure, making it ideal for
light-emitting applications such as laser diodes, LEDs, and photodetectors. Non-radiative
recombination, caused by defects and impurities in the crystal lattice, leads to energy losses and
reduced carrier lifetime. Auger recombination becomes significant at high carrier concentrations
and is especially important in high-power devices, where it contributes to thermal losses and
efficiency degradation.
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