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Abstract—For long term missions dedicated to Earth and planetary atmospheric remote sensing, passive cooling of sub-millimeter wave heterodyne systems down to the 100 K temperature range is an attractive option to improve the sensitivity of Schottky diode based frontends normally operating at ambient temperatures. It is also a cost effective solution in terms of mass and power compared to cryogenic active cooling systems required for Superconductive-Insulator-Superconductive (SIS) or Hot Electron Bolometer (HEB) devices. Schottky diode based MMIC sub-harmonic mixer devices have demonstrated high sensitivity when operated at room temperature. So far, best results are a DSB mixer noise temperature of 2650 K and mixer conversion losses of approximately 10.5 dB at 865 GHz [1]. Previously, it has been shown that the noise temperature of planar Schottky diode based receivers can be improved by a factor of 2 when cooled at liquid nitrogen temperatures [2]. 
In this paper, we report on the fabrication of a cryogenic test chamber for submillimeter and THz Schottky mixers, and the testing of a 600 GHz and 874 GHz sub-harmonic mixer based on planar Schottky MMICs membranes at temperatures compatible with passive cooling (80 K to 110 K range). Predicted performances are a DSB mixer noise temperature of approximately 750 K at 600 GHz, and 1500 K at 874 GHz when operating at 100 K. These estimates rely on room temperature measurements and a custom electrical model of the Schottky barrier implemented with ADS software (from Agilent) that takes into account hot electron noise effects, carrier inertia and displacement capacitance. The cryogenic test setup, RF simulations and cooled measurements will be presented.
Finally, extension of these designs at frequencies up to 2 THz will be described along with predicted performance at both ambient and passive cooling temperatures. Above 1 THz, passively cooled Schottky diode based MMIC mixers are expected to exhibit noise temperatures with similar order of magnitude compared to HEB mixers.

This work has been carried out at the Jet Propulsion Laboratory, California Institute of Technology, under contract from the National Aeronautics and Space Administration.

[1]
“Design of an 874 GHz Biasable Sub-Harmonic Mixer Based on MMIC Membrane Planar Schottky Diodes”, B. Thomas et al., proceedings of the 33rd IRMMW-THz 2008 Conference, Pasadena, CA, USA, September 2008.

[2]
“Fixed-tuned Submillimeter wavelength Waveguide Mixers Using Planar Schottky-Barrier Diodes”, J.L. Hesler et al., IEEE Trans. on MTT, Vol. 45, No. 5, May 1997.
