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Fig. 1. Energy level structure of a single THz QCL

cascade.
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Fig. 2. Relationship between leakage current density and

temperature.
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lattice temperature.
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Abstract

Terahertz quantum cascade laser is a semiconductor laser that effectively obtains terahertz waves. It uses
the semiconductor heterojunction to have a quantum cascade effect under an applied voltage, and then the
phonon assists the electron resonance from the upper stage to the next stage, so that a single electron injected
externally can emit multiple photons. However, some electrons will deviate from the transport path during
transportation and these electrons are called leakage electrons. Electron leakage comes from three ways. The
first way is the scattering of electrons from the upper laser level through the long longitudinal phonon to the
low energy level; the second way is the scattering of electrons from the lower laser level to the high energy
bound level and the continuous level; and the third way is the scattering of electrons from the upper laser level
to high energy bound levels and continuous levels. These leakage electrons directly reduce the number of
population inversions in the laser system, making the laser output power limited. At present, most of
researchers explain the electron leakage through indirect measurements, and there are few studies in which the
electron leakage is analyzed by establishing theoretical models. In this paper, the electron leakage model in THz
QCL is established by using thermodynamic statistical theory and laser output characteristic theory. The degree
of electron leakage is measured by output power. The influence of lattice temperature and quantum well barrier
height on electron leakage are studied. It is found that when the lattice temperature rises and the electrons in
the upper laser state leak to higher energy levels, the number of electrons leaking to the adjacent bound state
and the continuous state increases, and the number of electrons leaking to the next near-bound level is
relatively small. In the case of electron leakage, the utilization of electrons becomes lowered, and the laser
output power is also lowered. The study also shows that an appropriate increase in the height of the quantum
barrier can suppress the leakage of electrons. Using the established theoretical model to optimize the quantum
well barrier height of the previously reported laser system, an 8 mW terahertz quantum cascade laser (THz
QCL) laser output at 210 K is obtained. Compared with the reported experimental results, the temperature and
output power are improved. These results provide a theoretical basis for studying the electron leakage
temperature characteristics of THz QCL and also optimally designing the THz QCL active region structure.
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