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Terahertz Quantum Cascade Lasers with Narrow Beam, High Output Power,
and Frequency Tunability
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Abstract Quantum cascade lasers (QCLs) in terahertz frequency emit terahertz radiation by intersubband optical
transitions in conduction band of semiconductor quantum wells. Terahertz QCLs are the terahertz sources which are
able to be electrically pumped and operated in continuous-wave. Terahertz quantum cascade lasers are small, light,
compact, and easy for integration, and they are the solid-state terahertz sources that have the highest output power.

This article will review the recent developments of double-metal terahertz QCLs in terms of narrow beam pattern,

frequency tunability, and high output power.
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Fig. 1 Comparison of conventional p-th order DFB and antenna-feedback scheme for THz QCLs. (a) Principle of

conventional DFB that can be implemented in the waveguide of THz QCLs; (b) phase mismatch of surface plasma

THz fields between adjacent transmission apertures of conventional DFB; (¢) discontinuous single-sided plasmas in

surrounding medium owing to destructive interference; (d) principle of antenna-feedback scheme for terahertz

QCLs; (e) antenna-feedback leads to a fixed surface plasma THz field phase information of counterpropagating

plasmas on the either side of metal grating; (f) single-sided surface plasma THz field massively constructed in

metal grating with antenna feedback structure
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Fig. 2 Optical image and scanning electron microscope image of THz QCL,
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pulsed mode at 78 K when silicon-dioxide is deposited on surface of THz QCL?"
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Fig. 3 Output power of representative singleemode THz QCL based on double-metal waveguide
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Fig. 4 Comparison of hybrid second- and fourth-order DFB and second-order DFB for terahertz QCLs. Periodic DFB

structure is fabricated on the top metallic layer. Mode-spectrum for a 1.4 mm DFB grating (period is 27 pm and

slitwidth is ~3 pm) is computed with finite-element modeling method. Red and blue lines represent surface

radiative losses for various resonant modes with second-order DFB and hybrid second- and fourth-order DFB,

respectively. Electric field profiles for lower and upper band-edge modes of the photonic bandgap are shown

respectively. Radiative loss is effectively determined by the amplitude and phase of the in-plane electric field (Ex)

in the slits
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Experimental results of hybrid second- and fourth-order DFB THz QCL. (a) Scanning electron microscope image of
fabricated THz QCL with hybrid second- and fourth-order DFB; (b) current-voltage (I-V') curve at 62 K and light
intensity-current (L-I) curve at different operating temperatures measured in pulsed mode of operation. Insert is
spectrum under different voltage at 62 K. Size of THz QCL is 10 pm X200 pm X 1.5 mm, and grating period A is
28 pm; (c) far-field radiation pattern (optical intensity) measured at 62 K at a distance of 40 mm from the QCL in
the surface-normal direction with operation current density of ~405 A/cm”. 0, and @, are angles with respect to the
surface normal along the longitudinal and lateral dimensions of the QCL cavity, respectively. (d) spectra of three different
QCLs located neighboring each other on the wafer with different grating periods of 27.2 pm (blue line), 28 pm (red line),
and 28.8 pm (green line). Current densities are 350, 375, 395, and 405 A/cm?, respectivelyt™
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