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Development of a 0.9-THz-band hermonic mixer detector of THSS for Martian
Atmospheric Observations
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The Mars Aqueous-environment and Space Climate Orbiter (MACO) Working Group is advancing a mission concept to
investigate the sustainability of habitable environments on Mars and other terrestrial planets. The program aims to com-
prehensively explore Martian space weather, climate, and the water cycle through demonstrations of orbital and exploration
technologies. In particular, orbiter observations of water vapor in the atmospheric boundary layer will address surface —
atmosphere interactions, material cycles, and vertical coupling processes relevant to Martian climate and hydrology. As one
of the key candidate payloads, a Terahertz Heterodyne Spectroscopy Sensor (THSS) is under study.

The THSS is currently designed to operate in multiple frequency bands (Band 1: 460 GHz, Band 2: 560 GHz, Band 3: 890
GHz). By combining transitions and isotopologues with different optical depths, the instrument will probe lower-atmosphere
water vapor and HOx species, high-altitude (>100 km) water vapor, and carbon monoxide lines for atmospheric dynamics.
The baseline architecture foresees two antennas for limb-sounding of meridional and zonal circulation, while a single-antenna
configuration is also feasible depending on mission constraints. In this study, we report on the development of the Band 3 (~
890 GHz) receiver.

The receiver employs a harmonic mixer detector integrating Schottky barrier diodes (SBDs) provided by Virginia Diodes
Inc. A 24-GHz phase-locked dielectric resonator oscillator (PLDRO) is frequency multiplied by 36 to generate the local oscil-
lator (LO) signal for heterodyne spectroscopy, producing the intermediate frequency (IF) output. The detector can operate at
room temperature and has already achieved TRL 9, with flight heritage from NASA CubeSat missions at similar frequencies.
Laboratory evaluation showed a single-sideband conversion loss of approximately — 22 dB. A high-pass filter was also tested
to suppress PLDRO harmonics.

To further enhance sensitivity, radiative cooling of the harmonic mixer element is being investigated to reduce thermal
noise, together with optimization of applied bias conditions. In addition, a custom thermally isolated waveguide has been
implemented between the mixer and the multiplier to reduce both LO signal loss and thermal inflow.
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