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Intensive development of thin-layer based fluxgate sensors produced as printed circuit boards demand proper
tools for modelling their functional characteristics. This paper presents the application of the method of moments
utilizing uniform square meshes to avoid problems with thin layer modelling utilizing finite elements method.
Exemplary results of modelling indicate that the sensitivity of race-track shaped fluxgate sensor strongly depends
on the width of the track, whereas the influence of the width of the core on the fluxgate sensitivity is about 3%. This
information is important for development of printed circuit boards based fluxgate sensors with racetrack-shaped
cores, as it can lead to significant reduction of the sensor’s perpendicular dimension.
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1. Introduction

Since its introduction in 1936, fluxgate sensors are
commonly used in the precision magnetic field measure-
ments. Such sensors are reliable, robust, and exhibit reso-
lution up to 10 pT operating in the room temperature [1].
On the other hand, typical fluxgate sensors are not suit-
able for miniaturization and they require sophisticated
electronic signal processing circuits [2]. For this reason,
during last few years, intensive efforts were taken to de-
velop miniature fluxgate sensors (such as DRV 425 of
Texas Instruments) suitable for scientific and industrial
applications.

Recent developments indicate that the most promising
direction of fluxgate sensors development are sensors with
thin layer core (e.g., made of amorphous alloy ribbon [3]
etched to specific shape) with driving and sensing wind-
ing made as tracks on multilayer printed board circuit
(PCB) [4, 5].

Intensive development of thin layer based fluxgate sen-
sors created needs for tools for modelling their charac-
teristics. Such models are necessary for optimization of
the shape of the core of fluxgate sensors, considering de-
magnetization factor [6, 7], as well as constrains created
by sensor geometry and windings requirements. For such
modelling, the finite element method (FEM) is commonly
used [8]. However, in the case of thin film devices, num-
ber of elements required for modelling increases radically
with decrease in layer thickness [9].

For this reason, alternative methods of modelling
the thin layer magnetostatic systems are developed. One
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of the most promising solutions is based on the methods
of moments (MoM) concept introduced by Harrington in
1993 [10]. The method of moments is based on analysis of
the influence of hypothetical magnetic moments [11] as-
signed to each element’s border. It should be stressed
that the method of moments requires solving the lin-
ear equations, which is very efficient in modern, vector-
calculation oriented computers. In addition, recently pre-
sented generalization of the MoM for magnetic thin layers
with rectangular grid [12] is especially useful for opti-
mization of cores of thin layer sensors.

This paper presents the principles of practical applica-
tion of the method of moments and the results of opti-
mization of race-track shaped core [13] for fluxgates pro-
duced in the PCB-based technology. Moreover, software
for this optimization is available as open-source at [14]
for further validation and development.

2. The method of modelling

The principles of operation of the fluxgate sensor
with race-track shaped core are similar to principles
of operation of the fluxgate with ring-shaped core pre-
sented in [4]. The geometry of the racetrack-shaped core
of fluxgate sensor is determined by three parameters:
a — half-length of the core, b — width of the core, and
c — core’s radius. Moreover, a thickness g of the core, as
well as material relative permeability µ, determine its de-
magnetization factor from the point of view of measured
magnetic field applied in the direction of core’s length.
Schematic view of the shape of racetrack-shaped core of
fluxgate sensor and its parameters is presented in Fig. 1a,
whereas the schematic view of fluxgate sensor in PCB
technology is presented in Fig. 1b.

In the present investigation, the relative magnetic per-
meability µ of the core was 1000, whereas the thick-
ness g of the core was 35 µm. Such parameters are
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Fig. 1. Schematic view of the fluxgate sensor with
racetrack-shaped core: (a) the geometry of the
racetrack-shaped core (determined by the parameters
a, b, and c), (b) the schematic view of fluxgate sensor
in PCB technology: (1) race-track shaped core made of
magnetic material, (2) magnetizing winding, (3) sensing
winding.

typical for the thin layer cores made of amorphous alloys
in as-quenched state [15] developed for fluxgate sensor
applications.

The magnetic field distribution in the core was calcu-
lated by MoM presented in detail in [16]. On the basis
of results of calculation, the influence of the magneti-
zation from external field Hm on the output signal of
PCB fluxgate sensor was calculated. Due to the linear
relative magnetic permeability µ approximation, only de-
magnetization factor of race-track core was considered for
nearly-linear part of core’s characteristic. Schematic view
of such sensor is presented in Fig. 1b, whereas the prin-
ciples of fluxgate sensor operation were described previ-
ously [17]. Calculations were carried out with the as-
sumption that sensing winding length in the centre of
the core is equal to 2a/3, where a is equal to 15 mm.

3. Results

Figure 2a presents the racetrack-shaped core of flux-
gate sensor. The core was divided into the square-shaped
mesh. Figure 2b and c presents the magnetic field distri-
bution in x and y directions due to the magnetization by
external magnetic field in x direction, Hm = 100 A/min.
In the presented case, quite high demagnetization can
be observed in the core. However, in the x direction
(the direction of magnetizing field Hx), the distribu-
tion of flux density Bx is nearly uniform in the area
of race-track shaped core covered by sensing winding.
This phenomenon simplifies the calculation of sensitivity
of fluxgate sensor. Moreover, results of modelling indi-
cate, that in the present case, maximal value of flux den-
sity B in the y direction is about five times lower than
in x direction.

On the basis of the result of integration of flux density
Bx in the part of racetrack-shaped core of fluxgate sensor
covered by sensing winding (as it is presented in Fig. 2b),
value of output signal from fluxgate was estimated. Fig-
ure 3 presents this value as the function of b and c param-
eters determining the track and core’s width respectively
(presented in Fig. 1a, where a is equal to 20 mm).

Fig. 2. Racetrack-shaped core of fluxgate sensor: (a)
spatial distribution of relative magnetic permeability µ
in the core, (b) the distribution of flux density Bx in the
core in x direction, (c) the distribution of flux density
By in the core in y direction (both for magnetizing field
Hx = 100 A/m).

Fig. 3. The dependence of sensitivity of fluxgate sensor
with racetrack-shaped core on width b and radius c of
the core (a = 20 mm). Blue lined surface indicates
minimal expected level of sensitivity of fluxgate sensor
for industrial application.

Minimal expected level of sensitivity of fluxgate sen-
sor made in PCB is marked in Fig. 3 as the blue lined
surface. The minimal expected level of sensitivity was
determined previously during the experimental develop-
ment of square frame-shaped fluxgate sensors [18].

4. Conclusions

It should be highlighted that the approach based on
the method of moments utilizing uniform mesh opens new
possibilities of modelling thin-film magnetic devices, such
as magnetic fluxgates, concentrators, etc. Optimization
of the shape of these devices was not possible on the basis
of FEM.
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The results of this modelling indicate that the sensitiv-
ity of race-track shaped fluxgate sensor strongly depends
on the width of the track (parameter b). On the other
hand, the influence of the width of the core (given by pa-
rameter c) on the fluxgate sensitivity is about 3%. As a
result it can be neglected from a practical point of view.
This information is very important for development of
PCB-based fluxgate sensors with racetrack-shaped cores,
as it can lead to significant reduction of the sensor’s per-
pendicular dimension.
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