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Development of an electric field measurement system in space plasmas using a

preamplifier based on a floating power supply
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(1Graduate School of Engineering, Kyoto University, ?RISH, Kyoto University

In the observation of electric fields in space plasma, electric field detectors must cover a wide frequency range, from DC to
10 MHz, with high sensitivity. Because plasma is a dispersive medium, the impedance of electric field sensors is a function of
frequency, and impedance matching between the sensor and preamplifier is impossible. An extremely high input impedance
is required for the preamplifier to improve observation sensitivity. Additionally, electric field sensors exhibit complex features
in measuring DC electric fields, influenced by the electrostatic potentials of the sensors and spacecraft charging.

The Japanese conventional design for preamplifiers features two independent units, each dedicated to DC or AC measure-
ment, respectively. However, this structure leads to an impedance drop due to the interaction of the input impedances of two
amplifiers, which declines sensitivity, especially in DC measurements.

On the other hand, European and U.S. missions have used floating power supply preamplifiers that automatically follow the
DC voltage of the sensor by supplying power to the preamplifier at a potential independent from the satellite with an isolated
DC/DC converter, and by using the output potential of the preamplifier as the potential reference of the converter. The input
impedance in this method is theoretically infinite.

In this study, we propose a floating power supply preamplifier utilizing a bootstrapping power supply consisting of transis-
tors, rather than isolated DC/DC converters, which are commonly used in conventional floating power preamplifiers. This is
intended to operate in the same way as a European or U.S. floating power supply preamplifier, generating a constant current
from the satellite’s internal high-voltage power supply to create a floating potential independent of the satellite’s potential,
and using the preamplifier’s output as the reference for the floating potential. This device does not need a DC/DC converter in
the floating power supply, thereby eliminating the effect of switching noise on the observation results, which was a problem
with the European and American types. Moreover, since the floating power supply system uses only one preamplifier, it can
prevent sensitivity degradation in DC measurements, which was a problem with conventional Japanese satellites.

Through performance evaluations, we have confirmed that this design has a good DC response and linearity within & 98.5
V, a flat frequency response up to approximately 3 MHz, and a low noise level comparable to that of the Arase satellite in
operation.

In this presentation, we will show the outline and details of the new preamplifier under development, as well as the results
of the performance evaluation of the test circuit.
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