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I11. METAL-METAL WAVEGUIDES FOR TERAHERTZ QCLS

Dielectric waveguiding is not a feasible option to confine
the long-wavelength terahertz radiation. Two different types of
waveguides based on surface plasmon electromagnetic modes
have been utilized for terahertz QCLs as shown in Fig. 6. The
single-plasmon waveguide [5] confines the terahertz mode us-
ing a metal top layer and a thin heavily doped semiconductor
layer at the bottom of the active region such that the real part of
the layer’s refractive index is negative, and it supports a surface-
plasmon mode that exponentially decays in the low-loss semiin-
sulating substrate. Such a waveguide results in high-power out-
put due to a favorable mode profile in the vertical dimension. The
second type of waveguide is a metal-metal structure [21] that
confines the mode between two metal plates just like microstrip
transmission lines at microwave frequencies. While the metal—
metal waveguides provide strong mode confinement and lower
loss at terahertz frequencies resulting in significantly higher
operating temperatures, their emission characteristics are poor
owing to the subwavelength mode confinement in the vertical

dimension, resulting in highly divergent beam patterns and low
out-coupling of radiation [25], [26]. The aforementioned char-
acteristics of the two types of waveguides are best exemplified
by the following observation: a 4.2-THz QCL processed with
the single-plasmon waveguide resulted in 248-mW peak optical
power and a maximum operating temperature 7Ty,.x ~ 105 K,
as reported in [50], the same wafer when processed with metal—
metal waveguides resulted in an increased T}, ~ 165 K, but
a lower peak optical power of 26 mW as reported in [38].
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