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Development of a Multifunctional ASIC for Plasma Particle Detectors on board
Satellites
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Space plasma is characterized by its extremely low density, where energy exchange through particle collisions is negli-
gible. Nevertheless, significant changes in particle kinetic energy, such as heating and acceleration of electrons and ions,
are observed. These phenomena are mediated by plasma waves through a process known as wave-particle interaction. De-
tailed observations of these interactions are crucial for comprehending the electromagnetic environment of the universe. To
elucidate the energy transport processes facilitated by wave-particle interactions in spatially inhomogeneous space plasmas,
simultaneous multi-point observations are essential. Nano-satellite constellations offer a promising approach to achieve this
goal. However, conventional plasma analyzers are often too large and resource-intensive for widespread deployment on
ultra-compact satellites, highlighting the urgent need for miniaturized analyzers. This study aims to miniaturize the elec-
tronic circuitry of particle analyzers using Application-Specific Integrated Circuit (ASIC) technology. We have developed an
analog front-end circuit for a Time-of-Flight (TOF) based ion energy-mass spectrometer. Ion beam irradiation experiments
have confirmed that this circuit possesses sufficient time resolution to discriminate ion species typical of the Earth’s magne-
tosphere. To ensure space environment compatibility, we conducted comprehensive environmental tests. Temperature tests
ranging from -20 °C to 60 °C and radiation tests up to 300krad demonstrated the ASIC’s reliability under space-like condi-
tions. Furthermore, we have integrated a counting function into the newly developed ASIC, enabling simultaneous output of
TOF signals and accumulated particle counts over specified time intervals.
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