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Over recent years, researchers have made rapid progress in developing systems to exploit the so-called ‘Terahertz Gap’, with potential application areas ranging from medical and dental imaging, the monitoring of pharmaceutical products, and the detection of drugs-of-abuse and explosives, through to atmospheric physics, astronomy, and the study of condensed matter systems, inter alia.  Almost all of this research has made use of either broadband terahertz  (THz) systems, based on pulsed, femtosecond, near-infrared laser excitation of photoconductive emitters/non-linear crystals, or continuous-wave, narrow-band, systems based on photomixing in a photoconductive antenna. Indeed, broadband, pulsed THz technology forms the basis of the commercial systems marketed today.  

This invited talk will focus on an alternative approach for generating THz frequency radiation – GaAs-AlGaAs quantum cascade lasers (QCLs) – and review the rapid developments that have occurred internationally since the first demonstration of a THz QCL in 2002 [1].    These developments include a systematic increase in the operating temperature to its current maximum value of 178 K [2], and the progressive widening of the frequency range covered by THz QCL technology.  This has all been achieved through systematic improvements in the heterostructure designs, together with a commensurate optimisation of both the molecular beam epitaxial growth and the techniques used for device fabrication.

The use of patterned grating structures to modify the THz QCL plasmon waveguide will then be presented, and it will be shown how patterned gratings can lead to (a) well-defined, single-mode lasing, and (b) surface, rather than edge, emission [3].  The use of heterodyne, and other, schemes for detecting radiation from a THz QCL will also be discussed.  The possibility of achieving stand-off detection with a THz QCL will be reviewed, and the performance of a diffuse reflection imaging system for studying polycrystalline powders outlined [4].

In conclusion, some of the key challenges that need to be addressed for the future development of THz QCLs will be discussed, together with the possibility of incorporating THz QCLs into commercial imaging and spectroscopy systems.
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