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Development of high-resolution digital fluxgate magnetometer for the SCOPE mission
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. The main subject of the SCOPE (Scale COupling in the Plasma universE) project is to investigate the cross-scale couplin
physics of the plasma in the magnetosphere and in the interplanetary space. The magnetic field should be measured with higt
time resolution than 10 msec, to investigate electron-scale processes of the plasma. The performance requirements of the SCO
mission are shown below.

Dynamic range : +/-4000 nT

Frequency range : DC-60 Hz

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

As the interim goal for the SCOPE mission, we have developed a digital-type fluxgate magnetometer for S-310-40, a soundin
rocket mission. The digital-type has the advantage of being small, light-weight and low power consumption. The required
performances for the S-310-40 mission are shown below.

Dynamic range: +/-62000 nT

Frequency range: DC-40 Hz

Resolution: 16 bits (corresponding to 2 nT)

When we keep the 16-bit resolution and change the dynamic range from +/- 62000 nT to +/- 4000 nT, the quantization stef
corresponds to 128 pT.

In this presentation, we report the development results of the digital-type fluxgate magnetometer.

The accuracy of the digital-type fluxgate magnetometer is determined by the resolution of the Digital-to-Analog Converter
(DAC) in the electronics package. But, the highest resolution of the DAC for the space application is 12 bits. In order to improve
the accuracy of the digital-type fluxgate magnetometer, we adopted the high-resolution sigma-delta type DAC.

First, we developed the sigma-delta DAC achieving 16-bit resolution. It consists of 2nd-order 1-bit sigma-delta modulator and
4th-order analog low-pass filter using tolerant devices of the space environment. The resolution of the sigma-delta DAC depenc
on the topology of the sigma-delta modulator and the performance of the analog filter. We optimized the sigma-delta DAC's
parameters by numerical simulation and confirmed that the developed DAC satisfies results of simulation.

Second, we developed a digital-type fluxgate magnetometer embedded the sigma-delta DAC and evaluated performances. T
developed magnetometer’s performances are shown below.

Dynamic range: +/-62000 nT

Frequency range: DC-40 Hz

Resolution: 16 bits (corresponding to 2 nT)

Linearity error : 0.013 %@0.72 F.S.

S-310-40 will launch in this year. As the future work, we will improve the accuracy of the sigma-delta DAC for the SCOPE
mission.
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