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Abstract

The 2 pm waveband serves as a critical atmospheric window and represents the operating wave-
band for core optoelectronic devices in numerous fields. Lasers operating within this band predom-
inantly adopt the InGaAsSb/AlGaAsSb quantum well structure. This study systematically investi-
gates the influences of key parameters on the device performance of InGaAsSb/AlGaAsSb quantum
well lasers via simulation, including doping concentration of the contact layer, quantum well thick-
ness, and Al composition in the upper cladding layer. The results show that a contact layer doping
concentration of 5 x 1018 cm-3 achieves the optimal balance between enhancing carrier confinement
and maintaining optical field distribution. A quantum well thickness of 10 nm yields favorable op-
tical gain while avoiding carrier leakage caused by overly thin quantum wells. A lower Al composi-
tion in the upper cladding layer contributes to improved radiative recombination efficiency. This
work provides a theoretical basis for the structural design and performance optimization of high-
performance antimonide mid-infrared lasers.
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Figure 1. Schematic diagram of the epitaxial structure of an InGaAsSh/AlGaAsSh laser
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Figure 2. Effect of doping concentration variation on device performance. (a) Energy
band; (b) Electron concentration; (c) Bound electron density; (d) Optical field intensity
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Figure 3. Effect of quantum well thickness variation on device performance. (a) Energy band;
(b) Electron concentration; (c) Bound electron density; (d) Optical field intensity
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Figure 4. Optical field intensity distributions at quantum well thicknesses of 10 nm and 12 nm
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Figure 5. Effect of Al composition variation in the upper cladding layer on device perfor-
mance. (a) Energy band; (b) Electron concentration; (c) Bound electron density; (d) Opti-
cal field intensity
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