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Fundamental properties of domain wall displacement GMR sensors with closed loop operation
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The leaked magnetic field generated by wireless charging systems and RFID card readers has presented significant
challenges in ensuring the reliable operation of sensitive electronic devices and systems across various industrial and
residential environments. Accurate measurement and characterization of leaked magnetic field sources are crucial for
devising effective mitigation strategies. While conventional evaluation methods utilizing antennas, such as loop
antennas, have been employed in previous studies ), they suffer from limitations in terms of frequency bandwidth and
spatial resolution. In response, this study introduces a novel approach by utilizing the potential of thin film magnetic
field sensors to overcome these limitations. Our high-frequency-driven thin film magnetic field sensors offer superior
capabilities in detecting magnetic fields in the pT range while achieving spatial resolutions below a few millimeters at
room temperature ®. To validate the effectiveness of this approach, we constructed an experimental setup specifically
designed for measuring leaked magnetic fields from wireless charging devices. The setup comprises a thin film
magnetic field sensor, a signal generator, and a spectrum analyzer. Figure 1(a) depicts a circuit configuration where the
leaked magnetic field is detected and analyzed in the spectrum analyzer. The AC magnetic field signal emitted by the
wireless charging device is applied to the sensor, resulting in an AC modulated signal due to the change in sensor
impedance. In this circuit, the sensor element is electrically connected to a microstrip line with a characteristic
impedance of 50 ohms. Figure 1(b) illustrates an AM spectrum, where fc represents the carrier frequency and fs denotes
the signal frequency. The intensity of the sideband is directly proportional to the impedance change of the sensor. Figure
1(c) shows preliminary experimental results, demonstrating a measured spectrum for a wireless charging device in the
presence of a varying DC bias field applied along the longitudinal axis of the sensor. The internal noise floor was
approximately -107 dBm, while the signal at a frequency of around 109 kHz reached a maximum value of
approximately -83 dBm, corresponding to a DC bias field of 10 Oe. The outcomes show the efficacy of thin film
magnetic field sensors in accurately capturing and analyzing leaked magnetic field. We are currently conducting
detailed experiments to compare the results obtained with conventional antennas.
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Fig. 1. (a) Equivalent circuit, (b) amplitude modulation spectrum, and (c) power spectrum for wireless charge.
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