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Abstract—Spectroscopy and Imaging at terahertz frequencies have great potential for healthcare, astronomy, plasma diagnostics, and homeland security applications. Terahertz frequencies correspond to energy level transitions of important molecules in biology and astrophysics.  Because of its shorter wavelength, terahertz radiation also offers higher spatial resolution than microwaves or millimeter waves. In order to advance the implementation of heterodyne detection systems at terahertz frequencies, new integration schemes having a smaller footprint and improved performance need to be developed.
We are developing a mobile terahertz spectroscopic system based on hot electron bolometer (HEB) mixer receivers for heterodyne detection at terahertz frequencies (0.5 THz up to 5 THz). HEB detectors provide unprecedented sensitivity and spectral resolution at terahertz frequencies. We have recently demonstrated a low-noise heterodyne imager operating at 0.85 THz. The integrated mixer block consists of NbN hot electron bolometric (HEB) detectors and state-of-the-art MMIC low-noise amplifiers in a compact design. To achieve the highest coupling efficiency between a radiometric source and the HEB receiver, we have designed a quasi-optical beam handler utilizing dielectric lenses. This new configuration also allows for near diffraction-limited spatial resolution. The current design is optimized for the 600 GHz and 800 GHz atmospheric windows, but can be extended to any terahertz frequency. A state-of-the-art mechanical cooler with a very small footprint, high temperature stability, and low mechanical vibrations has been developed for our HEB receiver technology. 

This new mobile system is a platform that we plan to extend to provide fast broadband spectroscopic operation utilizing a chirp-pulse terahertz signal. In medicine, for example, the sensitivity of terahertz spectroscopy to ensemble hydrogen bonding may eventually prove useful to the in vivo detection of abnormal biomolecular folding or oligomerization. In order to make terahertz spectroscopy relevant to discerning such abnormal biochemical configurations, we will require spectral acquisition at the highest possible frequency resolution. Furthermore, envisioning active surgical remediation, an imager is required that can investigate a significant area of tissue, identify suspected regions of abnormality, and then focus the spectroscopic resource on these, all with the highest possible spatial resolution and spectral resolution (a few kilohertz). 
HEB-based heterodyne detection technology is becoming the basis for advanced terahertz imaging and spectroscopic technologies for the study of biological and chemical agents over the entire terahertz spectrum. We will describe our new design and its performance.
