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In the radiation belts, there are many high-energy particles. These particles can cause severe damage to spacecraft.
Therefore, it is very important to understand their acceleration mechanism [Reeves et al.,, 2003]. The physical
interaction between plasma waves and particles, which is considered to be the acceleration process of particles, is called
"wave-particle interaction”". However, it has been difficult to observe the wave-particle interaction. At present, we have
only found a temporal correlation between trapped high energy particles and waves [Li et al., 2014]. This was due to
the lack of temporal resolution and processing speed of conventional instruments, which prevented us from determining
the energy conversion amount between waves and particles. Then, the concept of Wave-Particle Interaction Analyzer
(WPIA) was proposed by Fukuhara et al. [2009]. The WPIA is designed to obtain the phase relationship between the
velocity and wave vectors of each particle onboard a satellite, and it calculates the energy conversion amount directly.
The WPIA was launched in 2016 as a trial installation on the Arase satellite in Japan, and is still in operation [Miyoshi
et al. 2018]. However, the WPIA has some problems with respect to the physical scale of the system. Since wave-particle
interaction is spatially and temporally localized and dynamically fluctuating phenomenon [Li et al., 2009], it is necessary
to realize simultaneous multipoint observations by multiple small satellites to carry out accurate observations. However,
satellites carrying WPIA is limited to mid-size or larger such as Arase satellite in Japan and MMS satellites in USA, and
for this reason the simultaneous multi-point observation is not realistic in view of the necessary cost. Therefore, it is
important to make the WPIA system small enough to be mounted on small satellites such as CubeSat [ Nakaya et al].

The WPIA consists of particle observers, wave observers and the processing circuits that calculate energy conversion
amount. Although it is necessary to miniaturize each part of the WPIA, we have tried to integrate the particle detection
circuits inside the particle detectors that output the incoming signal of plasma particles. Since the number of detection
circuits is the same as that of the particle sensors, the detection circuits are one of the largest components of the WPIA.
For example, in the Arase satellite, there are 16 particle sensors to detect particles arriving from all directions, and the
total size of the particle detection circuits is over 10 cm square. The subject of this study is to miniaturize and integrate
the entire detection circuits on a 5 mm square chip. For integration, we will use application-specific integrated circuit
(ASIC) technology, which enables us to realize a high-performance circuit specialized for a particular application.

The particle detection circuit should be able to detect one million arrivals per second. In this study, we designed three
circuits: (1) a high-speed amplifier for particle detection, (2) a comparator and (3) a peak-hold circuit. In the high-
speed amplifier for particle detection (1), weak current pulses generated by the particle sensor are amplified and
converted into a voltage signal. The comparator (2) is used to distinguish noise from the incoming particle signal. The
peak-hold circuit (3) is necessary to synchronize the reset timing of the incoming signal between 16 channels. Then we
designed a prototype chip and measured it. A single detection circuit is less than 0.2 square millimeters, which makes
it possible to fit 16 channels on a 5mm-square chip. The measurement results show that the rise delay time of the signal
is about 30 ns and the response delay of the entire circuit is less than 50 ns at most. These results show that this circuit
satisfies the prescribed conditions. In this presentation, we present the details of the WPIA system and the results of
operational measurements.
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