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Abstract. Quantum cascade lasers (QCLs) are unipolar semiconductor lasers with flexible emission
wavelengths that can be engineered by variation of semiconductor layer thicknesses and composition.
QCLs were first demonstrated in 1994. [1] and are typically created by molecular beam epitaxy. Due to
the high temperature of the molecular beam at which this growth occurs, the created interfaces between
different materials are not abrupt, which is a common approximation, but are rather subject to the
diffusion of the barrier material, which changes the material composition of the interfaces. It was recently
shown that this compositional (interface) diffusion can have a prominent effect on the maximum operating
temperature of a THz QCL [2]. Doping segregation, that is the diffusion of the charged dopants, is an
effect that is also present in real QCLs and can be of interest when modelling QCLs as it changes the
Hartree term in the total effective potential energy, and in turn the electronic structure. In this work we
investigate the impact of interface diffusion and doping segregation on transport characteristics, such as
material gain and current density in THz QCLs, while varying the externally applied electric field along
the growth direction. For calculating the transport characteristics, we used the density matrix model
presented in [3]. Diffusion was modelled by numerically solving Fick’s law with the finite distance
method, and the results were in agreement with the analytical error function results presented in [4].
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FIGURE 1. Effect of interface diffusion on material gain and current density in quantum cascade laser

REFERENCES

1. J. Faist, et al., Science 264, 553-556 (1994).

2. Li Wang, et al., Appl. Phys. Express 16, 032007 (2023).

3. A. Demic¢, et al., IEEE Transactions on Terahertz Science and Technology, vol. 7, pp. 368-377, (2017).
4. A. Valavanis, Z. Ikoni¢, and R. W. Kelsall, Physical Review B 77, 075312 (2008).

ACKNOWLEDGMENT

This work was financially supported by the Ministry of Science, Technological Development and Innovation of the Republic of
Serbia under contract number: 451-03-47/2023-01/200103, "Multi-Scale Modeling of Terahertz Quantum Cascade Laser Active
Regions", Multilateral scientific and technological cooperation in the Danube region 2020-2021, "DEMETRA: Development of
high-performance mid-IR / THz quantum cascade lasers for advanced applications", Science Fund of the Republic of Serbia, Serbian
Science and Diaspora Collaboration Programme: Knowledge Exchange Vouchers, and European Cooperation in Science and
Technology (COST) Action CA21159 PhoBioS.

91



