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Abstract

Analysis, Simulation and Optimization of Dual-Wavelength THz Quantum Cascade
Laser with stable oscillation wavelength

Sajjad Yadollahzadeh

Design of lasers with oscillating wavelength in the terahertz range is one of the industrial
requests and most important developing components in THz tecnology. In this thesis at the
first, we study semiconductor lasers operation based on quantum cascade. Then importance of
the multi-wavelength design is considered. also the mechanism of dual-wavelength
generation, related equations of the gain, rate equations and different scattering mechanism in
the quantum cascade laser structure with quantum aspect is studied and simulated. Photons
are emitted via electronic intersubband transitions that take place entirely within the
conduction band, where the wavelength is chosen by engineering the well and barrier widths
in multiple-quantum-well heterostructures. Fabrication of such long wavelength lasers has
traditionally been challenging, since it is diffcult to obtain a population inversion between
such closely spaced energy levels. This thesis reports the development of terahertz QCLs in
which the lower radiative state is depopulated via resonant longitudinal-optical phonon
scattering. This mechanism is effcient and temperature insensitive, and provides protection
from thermal backflling due to the large energy separation between the lower radiative state
and the injector. Both properties are important in allowing higher temperature operation at
longer wavelengths. Therefore, we designed, simuleted and optimized dual-wavelength
quantum cascade laser and stable toward environment conditions. For this work we have used

the quantum cascade structures, dimension optimization and GaN.

Keyword: Terahertz, Quantum Cascade Laser, Rate Equations, Dual -Wavelength.
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