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A Resonant Magnetic Field Sensor with High Quality Factor and Low

Power Consumption
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(1.School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094; 2.
School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240)
Abstract: To overcome the shortcoming of the principles the current resonant magnetic sensors
which are unable to achieve both high quality factor (Q-factor) and low power consumption, a
low-power resonant magnetic sensor with high Q-factor and digital frequency output is designed
by combining the double-ended quartz crystal tuning fork (DETF) resonator with magnetostrictive
FeGa plate. Using the decoupling characteristic of the structure of DETF resonator, the stress
coupling structure is designed to isolate the magnetomechanical damping of the magnetostrictive
material. Thus, the Q-factor of the composite sensor is almost equal to that of the DETF resonator.
The magnetostrictive force occurring under magnetic field induces a longitudinal force in the
DETF. The magnetic-force-frequency conversion is achieved due to the force sensitive

characteristic of the DETF. A low pressure packaged sensors based on the composite structure of



FeGa alloy and DETF resonator is fabricated. The test results show that the Q-factor and power
consumption of the sensor are about 16764 and124.8uW, respectively. In the linear region, the
sensitivity and resolution are 3.05Hz/Oe and 6mQOe, respectively.

Keywords: resonant magnetic sensor; double-ended quartz crystal tuning fork (DETF);

magnetostrictive material; high quality factor
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Fig. 1 Schematic diagram of the resonant magnetic sensor
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Table 1 The detail dimensions of the DETF resonator
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Fig. 2 The anti-phase flexural mode of the DETF resonator
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Fig. 3 Electrode patterns of the DETF resonator
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Table 2 Parameters of the Fe-Ga alloy used in the simulation
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Fig. 4 Displacement of the structure under the action of external dc magnetic field
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Fig. 5 Photograph of the DETF array and unit(a), sensing units (b), and packaged magnetic sensor(c)
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(b) Photograph of gate oscillator circuit
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Fig. 6 Gate oscillator circuit
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Fig. 7 The experimental setup of resonant magnetic sensor
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Fig. 8 Magnitude response of the resonant magnetic sensor without dc bias field
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Fig. 9 Q-factor of the sensor as a function of dc magnetic field
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Fig. 10 Digital frequency signal displayed on the oscilloscope
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Fig. 11 Resonant frequency of the sensor as a function of dc magnetic field
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Fig. 12 Response of the sensor to small step changes of dc magnetic field
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