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Development of high-resolution digital fluxgate magnetometer for SCOPE missions
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The main subject of the SCOPE (Scale COupling in the Plasma universk) project is to investigate the cross-scale couplin
physics of the plasma in the magnetosphere and interplanetary space. The electric and magnetic fields as well as the charc
particles should be measured with higher time resolution than 10 msec, to investigate the electron-scale process of the plasma ¢
to achieve the objective of the SCOPE mission. JAXA is now designing the spacecraft for the SCOPE mission in collaboration
with Canadian Space Agency.

Fluxgate magnetometer is an excellent instrument to measure the magnetic field vectors from DC to low frequency. It is mos
widely used for space science missions to measure the earth, planetary and interplanetary magnetic field. In previous missior
fluxgate magnetometers have provided the data with good accuracy for the space plasma examination. (b4) Furthermore th
had the advantage of being small, light and low power. We are developing fluxgate magnetometer for the SCOPE satellites. Tt
performances which satisfy the requirements of the SCOPE mission are shown below.

Dynamic range : about +/-4000 nT

Frequency range : DC-60 Hz

Resolution : 20 bits (Quantization step corresponds to 8 pT.)

The resolution of the fluxgate magnetometer onboard the GEOTAIL spacecraft which was launched in 1992 is 14 bits. There
fore that for SCOPE is higher than GEOTAIL by more than 60 times. We have developed a fluxgate magnetometer for S310-40
a sounding rocket mission, as a preliminary experimental step of the development of the fluxgate magnetometer for SCOPE. Tt
requirements for the S310-40 experiment are shown below.

Dynamic range : about +/-65000 nT

Frequency range : DC-60 Hz

Resolution : 16 bits (Quantization step corresponds to 2 nT.)

When we keep the 16-bit resolution and change the dynamic range from +/- 65000 nT to +/- 4000 nT, the quantization stej
becomes 128 pT. We report the examination results of the fluxgate magnetometer we have developed for the S310-40 rocke
Based on the design of the fluxgate magnetometer for S310-40, we plan to develop a higher-resolution fluxgate magnetomet
for the SCOPE mission.

We have developed a Digital-type FluxGate magnetometer (DFG) for the S310-40 experiment. The analog signal from the
sensor is converted into the digital code by an Analog to Digital Converter (ADC), and the digital code is processed by a digital
signal processor. However, we are considering that the digital-type fluxgate magnetometers are possibly less accurate than t
analog-type. The accuracy of the digital-type fluxgate magnetometer is determined by the resolution of the Digital to Analog
Converter (DAC) in the electronics part. Because high-bit resolution DAC for the space applications is not available currently,
digital-type fluxgate magnetometer having higher-resolution than analog-type has not been developed yet.

To improve the accuracy of the digital-type magnetometer, we are developing a high-bit DAC circuit which consists of the
devices tolerant of the space environment. We adopted the delta-sigma modulation technique for this DAC development. Th
resolution of the delta-sigma DAC is determined by the topology of delta-sigma modulator and analog filter which consist of the
delta-sigma DAC. First, we designed the topology and analog filter by numerical simulation. We adopted a 2nd-order delta-sigm:
modulator and 4th-order analog low pass filter. When the over sampling ratio is 640, we found that the resolution of DAC is
around 16 bits. Second, we built a delta-sigma DAC test board based on our simulation results. We evaluated the errors in tf
output signal of DAC test board against the varying input signal, and found that the resolution of developed DAC satisfied 16-bit
resolution. We are currently building a digital fluxgate magnetometer for the S310-40 rocket experiment.
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