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Space is filled with extremely low-density plasma, which constantly generates various plasma phenomena. Especially in
the vicinity of the planets in the solar system, the solar wind, which is a mass of supersonic plasma blowing from the sun,
has a dominant influence. Since each planet has a magnetosphere of completely different size and intensity depending on
its nature, in-situ observation will capture plasma phenomena unique to each planet. Therefore real-time observations by
satellites are expected to bring very meaningful results in the study of plasma physics.

Plasma observation consists of plasma particle measurements and electromagnetic field measurements, and we are espe:
cially focusing on the integration of plasma particle measurement devices. Plasma particle measurement means to obtain the
three-dimensional velocity distribution function of electrons and ions flying in space and to measure the mass of each patrticle.
A top-hat type electrostatic energy analyzer (ESA) is used to measure the velocity vector of individual particles, and a TOF
type mass analyzer (MA) is used to measure mass of particles. In practice, these are combined and mounted on a satellite to
obtain the velocity vector and mass of the particles simultaneously. When patrticles enter the instrument, weak current pulses
are emitted from the Micro-Channel Plate (MCP) inside the ESA or MA. A high-speed preamplifier is required to transmit
this current signal to the logic circuit, but the conventional preamplifiers are composed of discrete components, which make
the size of the device very large. The purpose of this research is to improve this high-speed preamplifier to be more suitable
for use in satellites by making it more integrated using Application Specific Integrated Circuit (ASIC) technology. Similar to
the conventional high-speed preamplifiers, we design the system to have a count réts ahiiGo respond to any input at
a constant time.

The small, high-speed preamplifier we have developed consists of two blocks. The first block is a current-voltage amplifi-
cation circuit and the second block is a comparator. The current-voltage amplification circuit converts the weak current pulse
coming from the MCP into a voltage signal and amplifies the current signal so that it can be input to the comparator in the
next block. In a comparator, we arbitrarily determine the threshold voltage and make a distinction between the noise below
the threshold and the signal above the threshold. The small preamplifier we developed in this study has a single channel size
of 210 um x 570 um. When installed in a satellite, at least 15 channels will be integrated at the same time, because the same
number of small preamplifiers as the number of ESA channels must be connected. Considering the size of each channel, 15
channels can be contained in a single chip of 5mm square, which is much smaller and light-weight than the conventional
preamplifiers that are cylindrical shape with 170 mm diameter and 70 mm height.

In this presentation, we introduce the details of the small preamplifier we have developed, including design simulations
and measurement results of a prototype chip, and discuss future development.
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