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Abstract

The AMR effect of single-domain film-resistors is being widely used for magnetic field and linear/angular displacement sensing. However,
several constrains attributed to the repeatability of magnetization orientation limit the accuracy of such devices. There is a trade-off between device
sensitivity and measurement repeatability; the anisotropy field Hx affects both parameters in an inverse manner. To overcome such problems
we propose the employment of AMR film-resistors as fluxgate devices. Using a rotating magnetic field vector as excitation, the anisotropic
magnetoresistance material is kept continuously in saturation and a pseudo-super-paramagnetic behaviour is observed. Thus, the signal noise

coming from Barkhausen jumps can be narrowed down to zero.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In magnetic field sensing, the main problem that limits
the sensitivity capabilities of a sensing device is the magnetic
noise [1]. This is mainly originated from the Barkhausen jumps
that take place in anisotropic materials, the intensity of which
depends on the energy that is consumed for a magnetic dipole
to be turned from one crystallographic or magnetic easy axis to
another. But even in amorphous materials this is not eliminated,
because the shape anisotropy is significant and Barkhausen
jumps still exist due to domain wall defects, thus limiting the
accuracy of measurements [2].

The AMR effect of single-domain film-resistors is widely
used in field sensing. But, the lack of repeatability of magneti-
zation orientation limits the accuracy of such devices [3]. The
anisotropy field Hx affects sensitivity and repeatability in an
inverse manner, defining this way an ultimate lower limit of sens-
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ing capabilities of these devices [4,5]. This happens because the
lower the Hk, the greater sensitivity is gained. But the lower the
Hy is, the greater the remanence magnetization, thus decreasing
the repeatability [6]. If the anisotropic behaviour of a single-
domain AMR film could be overcome, the sensitivity would
increase significantly [7-9].

In fact, this is the motivation of this paper, namely the devel-
opment of a technique to increase the sensitivity by eliminating
the Barkhausen noise.

2. The theoretical principle

A way to eliminate the Barkhausen noise is to keep the mate-
rial in deep saturation state. This can be achieved by using a
rotating magnetic field vector on the surface of the AMR film
as excitation field with an angular speed w. Rotating magnetic
field vector can be obtained by transmitting two vertical fields of
H,(t) = Hp sin wt and Hy(¢) = Ho cos wt, respectively. The ampli-
tude of the magnetic vector must be significantly larger than the
anisotropy field Hx of the material (Ho >> Hx) in order to keep it
in far in the saturation state which in fact is the reversible rotation
process of magnetic domains. The film magnetization M rotates
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Fig. 1. Analysis of the rotating excitation field.

under the influence of the harmonic excitation field, as shown in
Fig. 1. Angle ¢ is modulated by the axial components &, and h,
of the ambient magnetic field and, thus, film resistance becomes
a phase modulated waveform, ideally a sinusoidal function with
angular speed w and the AMR film behaves as a pseudo-isotropic
super-paramagnetic material.

If a DC magnetic field is applied parallel to the surface of the
AMR film, the sinusoidal output voltage is formed according to
the analysis of the applied vector on the two axes of the material,
the one being the axis the resistance under measurement and the
other one the vertical to it. The output voltages are then modu-
lated by multiplying them by sin(wf) or cos(wt) with respect to
the x- and y-axes, respectively. Therefore, the output at a given
axis is a DC voltage offset originated from the applied field that
is to be measured.

If the amplitude Hp of the rotating excitation field vec-
tor is much larger that the anisotropic field Hk of the mate-
rial (Ho > Hx), the AMR film acts as a pseudo-isotropic and
pseudo-super-paramagnetic material and the Barkhausen jumps
are eliminated. So, the magnetic noise is narrowed down to
theoretically zero and the measurement noise and sensitivity
limitation are only due to circuit electronics.

Consequently, the parametric control of the set-up (film
geometry, stoichiometry, material structure and micro-structure)
can lead to the minimization of the anisotropic field Hx and the
magnetic noise and increase the sensitivity of the measurement.
The magnetization of the material is continuously rotating and
on each 360° turn any offset that would be produced because of
remanent magnetization by the external field is zeroed.

For amplitudes Ho of the rotating excitation field signifi-
cantly larger than the anisotropic field Hgk, the magnetization
of the material follows adequately the rotating external field
and the output is a sinusoidal function. When the excitation
field is reduced in amplitude and its value approaches Hk, some
harmonic functions are added in the previously mentioned sinu-
soidal function, as shown in Fig. 2(a), due to the difficulty of the
magnetic domain rotation.

The series of these harmonics are related to the difficulty of
the magnetization vector of a mono-magnetic or quasi-mono-
magnetic area to turn from one easy axis to another. The number
of the Barkhausen jumps in a given period of the external field
is equal to the number of the easy axes that the material has on
the surface of the rotating field.

Every term of the series is periodical with the same period
but phase difference, which is an unambiguous function of the

(b)

Fig. 2. (a) “Dead” time between the Barkhausen jumps of the material magne-
tization from one easy axis to another. (b) Elimination of the “dead” time by
synchronization of the angular speed of the external field to the magnetization
rotation.

orientation of each grain or magnetic domain. The parametric
control of the angular speed of the rotating external magnetic
field can zero the “dead” time between the Barkhausen jumps in
the output voltage, as shown in Fig. 2(b), under the assumption
that there are no pinning points in magnetic domain wall motion.
Thus, changing the angular speed w, one can obtain a sinusoidal
output signal of the same angular speed.

For a film of cubic bec or fcc symmetry and with the proper
selection of the angular speed of the excitation field, so that
the output signal be a sinusoidal function, the frequency of
the harmonic addition or noise of each magnetic grain will be
2w for in plane anisotropy and 3w for out of plane anisotropy.
Thus, all the waveforms that are added to the signal as sinu-
soidal signals of the same frequency and different phase are
obliged not to be random signals, but addition of sinusoidal
functions with 2w or 3w angular speed. Thus, by placing in
the set-up digital band pass filters that eliminate the signals
with angular speed of 2w and 3w, magnetic noise could be
removed.

3. Experimental

For a first validation of the above principle, an AMR mag-
netic sensor obtained from Honeywell was used (HMC1512).
The device consists of two pairs of perpendicular film-resistors
connected in Wheatstone bridge configuration. The AMR ele-
ments had a saturation field of 6.4 kA/m, which is rather high
for high sensitivity field sensors. Acceptable response in such
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