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Dependence of transport parameters on interface composition diffusion
and doping segregation in longitudinal optical phonon, bound to continuum
and hybrid THz quantum cascade laser designs

N. Stanojeviét?, A. Demi¢?, N. Vukovi¢t, D. Indjin® and J. Radovanovi¢t
1School of Electrical Engineering, University of Belgrade, Serbia
2Vlatacom Institute of High Technologies, Belgrade, Serbia
sSchool of Electronic and Electrical Engineering, University of Leeds, UK
e-mail: novakstanojevicl@gmail.com

Quantum cascade lasers (QCLs) are semiconductor lasers with emission frequencies ranging from the
mid-IR to the THz part of the spectrum, that can be designed by varying layer thicknesses and
composition [1]. Due to the unique THz light emission of QCLs, many designs have been developed,
the most important of which are the Longitudinal Optical Phonon (LO), Bound to Continuum (BTC),
and Hybrid designs [2]. These devices are created at high temperatures by molecular beam epitaxy
(MBE) making them prone to diffusion of added barrier material that leads to interface composition
diffusion which can have a prominent effect on QCL operation [3]. Doping segregation, that is the
diffusion of the charged dopants, which affects the doping profile, and Hartree term in the total effective
potential energy is also present in real QCLs. In this contribution, we investigate the dependence of
transport parameters such as material gain, current density, and emission frequency in the negative
differential resistance (NDR) point in the three most common THz QCL designs that are stated above,
on interface diffusion and doping segregation. The NDR point defines the maximum current density at
which the QCL can operate, while the operation starts at material gain equal to the threshold value. The
transport of these devices was modeled using the density matrix formalism which takes into account
guantum coherence effects thus adequately describing resonant tunneling through the injection barrier
[4]. The finite difference method was then used for the numerical solving of Fick’s law to model both
composition diffusion and doping segregation.
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Figure 1. Effect of interface diffusion on transport parameters in NDR point (left), and on material gain and
current density versus external bias (right) in a LO design quantum cascade laser.
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