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Abstract :

Terahertz (THz) semiconductor quantum cascade lasers (QCLs) are arguably
the most powerful compact sources of coherent THz radiation. QCLs are
based on intersubband optical transitions in semiconductor superlattices. The
best performing THz QCLs are designed to emit in the frequency range of 3-
4 THz corresponding to wavelengths of 75-100 um. At such long wavelengths,
these lasers are best served by the use of parallel-plate metallic cavities for
mode confinement, which are similar to the microstrip transmission lines used
for channeling radiation at microwave frequencies. Use of metallic cavities,
which support optical modes based on surface-plasmon polaritons, lead to
unexpected and unique challenges in cavity design owing to the rather poor
radiative characteristics of such plasmonic cavities that include low radiative
efficiencies, multi-mode lasing behavior, and divergent radiation patterns. This
talk will introduce some of the techniques that have been used in literature to
realize THz QCLs with greater output power with desired spectral behavior
and better far-field beams. We will then describe two different types of
distributed-feedback and phase-locking schemes developed at our group for
surface-emitting THz QCLs that have achieved the record highest output-
power for single-mode THz QCLs in pulsed operation to-date. We will also
discuss ongoing work on beam combining of multi-spectral laser arrays, and
electrical tuning of such QCLs (time permitting). Some preliminary
experimental results of THz sensing of analytes in liquid-phase will also be
shown, which is an important step toward demonstrating the viability of QCLs
for practical applications in THz spectroscopy and sensing.
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