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Abstract:

Terahertz electronics holds will enable and expand numerous applications of
terahertz technol-ogy that now mostly relies on expensive THz photonics setups.
These applications include detection of explosives and biological and chemical hazardous agents, scanning
for building and airport security, and applications in radio astronomy, space research, biology and medicine.
Conventional THz electronics is based on two-terminal devices, such as Gunn and Schottky diodes. Emerging
THz transistor technology uses hort channel Si CMOS and FIN FETs, InGaAs-based Heterostructure Bipolar
Transistors (HBTs) and High Electron Mobility Transistors (HEMTs) that have already reached cutoff
frequencies in the THz range. GaN-based FETs has additional advantages at THz frequencies of operation
compared to Si or llI-V transistors but they might require a different (5 terminal) design. For all materials
systems, the device feature sizes have shrunk to the point, where ballistic mode of electron transport becomes
important or even dominant. At THz and sub-THz frequencies, the ballistic transport also affects devices with
relatively large (submicron) feature sizes. THz radiation excites the oscillations of the electron density in
transistor channels. These oscillations (called plasma waves) propagate with velocities much larger that
electron drift velocities and have frequencies in the THz range even for devices with feature sizes exceeding
a few hundred nanometers The rectification of plasma waves by the device nonlinearities can be used for
detecting THz radiation and for imaging and in-situ testing of transistor structures. In very short devices,
plasma waves become unstable and cause THz emission. Plasma wave electronics detectors and sources are
tunable by applied bias voltage and can be modulated at very high frequencies, approaching or even
exceeding transistor cutoff frequencies. Using synchronized THz plasmonic transistor arrays is expected to
yield dramatic performance improvements of THz electronic detectors and sources and rejuvenate THz
electronics.
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