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Miniaturization of 10-100 keV electron sensor for future planetary explorations

using ASIC
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We developed a front-end ASIC (Application Specific Integrated Circuit) for an APD (Avalanche PhotoDiodes) detector
to miniaturize a high energy electron sensor for future planetary explorations. Our sensor’s objects are electrons with 10-100
keV energy, which is key energy range for the acceleration of electrons because that is transitional energy range from thermal
to non-thermal distributions of energy spectrum. Recently, APDs, which are detectors with high detection efficiency for 10-
100 keV electrons, have been applied to an energetic electron sensor onboard the Earth-orbiting satellite and have shown their
effectiveness. On the other hand, the energy range of APD is narrow, and combined use with other detectors is indispensable
to cover the wide energy range of electrons near the planet and leads to increasing weight. It is not suitable for planetary
explorations, which place stringent limitation on payload mass. Therefore, we aim to miniaturize the sensor by applying the
ASIC technology to signal processing circuits of the sensor. Our circuit is composed of preamplifiers, shaping amplifiers,
peak holders, comparators, and Analog-to-digital converters. We designed an ASIC circuit so that its dynamic rande to be 10
e~ in consideration of the APD’s high gain and confirmed its performance in simulations. Then, we designed the layout of
the ASIC and produced a 15 mm-by-15 mm-by-2 mm ASIC chip, which is about 50 times smaller than the previous circuit.
In addition, we tested circuit performance, and clarified the linearity of preamplifiers’ output voltage up to signal charges
equivalent to 100 keV electron irradiation.
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