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Research on waveguide structure and analysis of beam quality of THz QCL
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Abstract: THz Quantum Cascade Laser(QCL) is an ideal solid-state THz source. It is an important
part of THz QCL design to investigate the influence of waveguide structures on the properties of lasing
light and beam quality. The confinement and loss properties for double-metal and single-metal waveguides
of THz QCL are analyzed using finite element method. The dependence of confinement factor, waveguide
loss and threshold gain on the waveguide structure, the lasing wavelength and other parameters is
presented. The results show that compared with the single-metal waveguides, the double-metal waveguides
have better light confinements and lower losses, so they are more suitable for waveguide confinement of
active region. Based on the calculated light field distribution in the waveguides, the beam qualities are
analyzed using the vector diffraction theory. Far-field beam widths and divergence angles for different
waveguide widths are given, which has provided a helpful reference for QCL design from application
perspective.
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Fig.3 Cross section of single-waveguide structure
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Tablel Effective refractive index, waveguide loss, confinement factor and threshold
gain vs. lasing wavelength and waveguide width in double-metal waveguide

lasing wavelength/um waveguide width/um N Qw I S
50 3.487 5+0.011 3i 7.119 1 0.994 2 7.160 5
100 100 3.548 0+0.010 5i 6.5913 0.996 1 6.617 1
150 3.562 0+0.010 4i 6.570 1 0.996 7 6.591 6
50 3.380 3+0.023 0i 9.627 3 0.9937 9.688 4
150 100 3.479 6+0.022 0i 9.2321 0.996 0 9.269 2
150 3.505 5+0.021 9i 9.198 6 0.996 7 9.2290
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Table2 Effective refractive index, waveguide loss, confinement factor and threshold
gain vs. lasing wavelength and waveguide width in single-metal waveguide

lasing wavelength/um waveguide width/um N a, r S
50 3.538 2+0.120 7i 50.600 3 0.758 0 66.755 0
100 100 3.617 9+0.110 5i 46.3358 0.770 2 60.157 2
150 3.639 8+0.108 4i 454250 0.775 4 58.5803
50 3.659 2+0.101 8i 63.994 3 0.649 3 98.5556
150 100 3.709 3+0.096 8i 60.875 6 0.657 5 92.5933
150 3.721 7+0.095 9i 60.274 2 0.660 8 91.212 6
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