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This paper presents an experimental validation of a model that allows deriving the stability conditions of a digital GMI magnetometer as a function of the time-delay of the digital processing. The description of the digital magnetometer is given together with the basic idea of modelling. The experimental results validated the model and showed that, with a trade-off between the sensitivity and the time delay, the stability could be guaranteed.

Introduction

The Giant Magneto Impedance (GMI) effect in an amorphous wire is a large change of its ac impedance when it is supplied by a high frequency current and submitted to an external magnetic field [1]. Its potential to realize high sensitivity magnetic sensors still attracts great interest. In our recent works, a digital concept for the electronic conditioning of such sensors was introduced [2]. The underling idea was to reduce the noise from the electronics and to enhance the equivalent magnetic noise (that characterizes the smallest magnetic field that the sensor can measure). A promising level (1.8 pT/√𝐻𝑧) of this equivalent magnetic noise was obtained. However, the digital concept is generally accompanied by a processing time delay (between the sensor output and its input) which could introduce instability of the magnetometer (sensor operating in closed-loop). The idea behind this paper is to analyse the impact of this delay on the stability of digital GMI magnetometers.

The digital Magnetometer

The bock diagram of the proposed digital GMI magnetometer is given in Figure . 1. digitized by an analog-to-digital converter (ADC). Data are then digitally demodulated and filtered before being transmitted to a digital-to-analog converter (DAC). In a GMI sensor, operation in closed-loop is necessary for some applications in order to ensure the linearity since the impedance characteristics of the material is nonlinear. To realize this closed-loop, the voltage at the output of the sensor is converted into a current via a resistor Rf. This current is applied to a second coil wound around the GMI wire. The current creates the feedback magnetic field Hf, which is opposite to the measured field Hmeas. The timedelay, due to the digital processing, may introduce instability of this closed-loop. An analytical model, based on the analysis of the open-loop transfer function of the sensor, was developed to obtain the criteria of stability as a function of the time delay and of the gain of the openloop chain. The goal is to understand the influence of the delay and to derive the implementation rules that ensure the stability of the digital magnetometer.

Results

Closed-loop measurements have been conducted and shown a good agreement with the modelling. Table 1 shows examples of the maximum measured gain (threshold) of the open-loop that still guarantees the stability for a given value of the time delay. The main conclusion is the open-loop gain and processing time delay must be chosen with some trade-off in order to ensure the stability of the magnetometer. 

Figure 1 :

 1 Figure 1 : Hardware architecture of a digital GMI magnetometer The sensitive element is composed of a Co-rich amorphous GMI wire and its pick-up coil. The polarization stage is made of a Direct Digital Synthetizer (DDS), a battery and two injection resistors, Rg et Rbias. The voltage vcoil across the pick-up coil is amplitudemodulated by the measured field Hmeas. It is directly

Table 1 :

 1 Maximum Value of open-loop gain for different time delays

Time delay (µs) Maximum gain for the open-loop (kV/T)

  

	2.72	74.4
	3.32	63.2
	4.06	57.0