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Development of Compact Loop Antenna Sensors Onboard Space Electromagnetic
Environment Monitoring System
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We have been developing a new system for monitoring the electromagnetic environment in space, named as Monitor systel
for Space Electromagnetic Environment (MSEE). This system consists of a lot of scattered sensor nodes which form a sens
network. With this system we are planning to monitor electromagnetic environment around artificial structures such as spacecra
and space stations, as well as natural plasma waves in space plasmas.

Each sensor node carries electric and magnetic vector sensors to measure the six components of AC electromagnetic field. H
we need no high-quality sensors and receivers which achieve high accuracy and high time resolution. Instead, each sensor nc
can be small-sized, light-weight and cheap, where the sensors, preamplifiers, receivers, and a wireless communication modt
are equipped together in a compact body.

As an AC magnetic field sensor to be installed on such a sensor node, we have been developing a small-sized and light-weig
loop antenna system. Three loop antennas are mounted orthogonally to one another around the chassis of the sensor node.
using 15 cm square loop antennas around the 10 cm cubic-shaped chassis of a sensor node, we evaluated the performance
magnetic sensor. With 10 turns of loop winding, at first we designed a small, light and power-saving preamplifier circuit, whose
PCB size was 10 cm square. By adopting a low-supply-voltages (+/-4.5 V) and low-noise operational amplifiers, the magnetic
sensitivities obtained were: 10 pT/sqrt(Hz) at 1 kHz, 1 pT/sqrt(Hz) at 10 kHz and 100 fT/sqrt(Hz) at 100 kHz, respectively. The
power consumption was 114 mW for the whole preamplifier circuit.

We have furthermore improved the performance of the preamplifier circuit. With a single power supply of 3.3V, the power
consumption and the PCB size of the preamplifier have been reduced to less than 50 mW and 4.5 cm times 6.5 cm, respective
The magnetic sensitivities obtained have been improved: 1 pT/sqrt(Hz) at 1 kHz, 100 fT/sqrt(Hz) at 10 kHz and 10 fT/sqrt(Hz)
at 100 kHz, respectively, with which natural plasma waves could be observed. We will present the new BBM model and discus:
the possibility of measuring the magnetic environment in space plasmas.
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