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Antenna model of single-metal waveguide Terahertz Quantum Cascade Laser
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Abstract: Terahertz(THz) Quantum Cascade Laser(QCL) is an ideal solid-state THz source. Investigating the
far-field behavior of the output beam is an important part of the research of THz QCL. In the experiment,
the THz QCL far field spot is often multi-petaled or in ring structure, which is difficult to explain by using
the general diffraction theory. For this reason, considering the laser as a radiating antenna, according to
the electromagnetic field theory, basic formulas of the electric field and intensity distributions of the
radiation far-field of the single-metal waveguide THz QCL are derived. The far-field distribution of THz
QCL with typical parameters are calculated. The numerical results show that far-field intensity distribution is
in an asymmetric ring structure, and the ring becomes thicker as the laser cavity length increases. It can
be seen that the THz QCL antenna model gives the same results as the experimental observation, which
shows that the antenna model is more suitable for the analysis of the THz QCL far field beam.
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Fig.1 Far-field intensity distribution when the laser cavity length is | mm  Fig.2 Far-field intensity distribution when the laser cavity length is 1.5 mm
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Fig.3 Far-field intensity distribution when the laser cavity length is 2 mm  Fig.4 Far-field intensity distribution when the laser cavity length is 2.5 mm
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