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Highly Sensitive Magnetic Field Sensor Utilizing
Magneto Impedance Effect
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We report experimental results of a thin film MI sensor integrated with a thin film permanent 
magnet for generating a bias field. We found that a magnetic field from the thin film magnet 
works as bias magnetic field and that the sensor possessed a sensitivity around zero magnetic 
fields. In addition, we found that the magnitude of the bias field depended on the magnetizing 
direction of the permanent magnet. It was demonstrated that the bias field was adjustable even 
after fabrication of the sensor element by controlling the magnetizing direction. 

1. Introduction
The MI effect is a phenomenon observed in soft 

magnetic materials such as an amorphous wire or a 
sputtered film 1)2) and refers to a significant change of 
its impedance driven by high-frequency current, when 
it is placed in a magnetic field 1)2). Recently, MI sensor 
has gained a lot of attention as a highly sensitive mag-
netic field sensor, with utilization in electronic com-
passes that detect a geomagnetic field and indicate di-
rections, in vehicles and biological magnetic field 
measurements and in other areas.

However, the MI sensor essentially has characteris-
tics such that the impedance changes symmetrically 
against positive and negative magnetic fields. There-
fore, in order to obtain a linear sensor property around 
the magnetic field of 0, a bias magnetic field must be 
applied to the MI sensor element. When applying the 
bias field using a wound coil or a thin-film coil, there 
are problems of complex structure and increase in cur-
rent consumption. For this reason, integration of a 
thin-film bias magnet with an MI sensor has been pro-
posed 3)4), where the bias magnet can generate only a 
fixed bias field. When we consider a practical use, ad-
justability of the bias field after completion of fabrica-
tion processes is desirable because dimensions and 
magnetic characteristics of the magnetic film can vary 
according to small variations in fabrication conditions 
and simultaneous variation in the subsequent bias 
field. In addition, large coercive force of the magnetic 
film is required for stable operation because a strong 
magnetic noise may exist in practical applications. 

In this paper, we propose a control method of the 
bias field by changing the in-plane magnetizing angle 
of the thin-film bias magnet. We fabricated a thin-film 
MI sensor integrated with an L-10 FePt thin-film bias 

magnet with a good isotropy and large coercive force 
of more than 2 kOe and showed that it was possible to 
adjust the effective bias field.

2. Experiments
As shown in Figs. 1 and 2, two Co85Nb12Zr3-based 

thin-film MI sensor elements were fabricated on an 
FePt thin-film bias magnet to compose a Wheatstone 
bridge circuit with two resistors 5).

 Fabrication process steps for sensor integration are 
as follows: 
(1)  An FePt film was sputter-deposited on a thermal 

oxidized Si substrate. After that, the specimen was 
annealed at 600 °C in N2 atmosphere.

(2)  A SiO2 insulating layer was formed by PE-CVD for 
insulating the FePt film and the MI sensor ele-
ment.

(3)  An amorphous CoNbZr soft magnetic film was 
sputter-deposited and patterned into plural rectan-
gular lines.

(4)  Sputtered Al contact pads and electrodes that con-
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Fig.1. Top view of the fabricated sensor element.
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Fig.2. Cross sectional view of the fabricated sensor element.
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nect the CoNbZr lines in serial were formed.
(5)  Uniaxial anisotropy of transverse direction in CoN-

bZr pattern was induced by rotational field anneal-
ing followed by static field annealing.

(6)  The FePt film was magnetized in a static field us-
ing an electromagnet.

The estimation of the bias field was performed by 
impedance measurements using a microwave probe 
and an impedance analyzer with external DC magnetic 
fields generated by a Helmholtz coil. The property of a 
bridge-connected sensor was evaluated by using an 
IC-socket that included two trimmer resistors. The 
schematic diagram is shown in Fig. 3. After adjusting 
the resistance of the trimmer resistors to the same 
value as the MI element, pulse voltage of 3 Vp-p, rise 
time of 3 ns, pulse width of 30 ns and cycle time of 1 ms 
were applied to the circuit. The output voltage, caused 
by the impedance change of the sensor element with 
applied external field in the high-frequency compo-
nents that included in the rise-up part of the pulse volt-
age, was acquired by a digital oscilloscope.

3. Results and discussions

3.1. Thin-film magnet

A thin-film magnet integrated with an MI sensor 
should have thermal stability, high remanence and 
high coercive force. A good isotropy of the thin-film 
magnet is also required for a precise control of the 
bias field by the magnetizing angle. On the other hand, 
to give the CoNbZr film a uniaxial anisotropy,  mag-
netic field annealing is necessary for the sensor opera-
tion. So, it is necessary that the magnetic property of 
the bias magnet is unaffected by the magnetic field an-
nealing.

An FePt film forms the ordered L10 phase by anneal-
ing above 400 °C and is expected to have high coer-
cive force of several kOe. The coercive force of FePt 
film increases with the annealing temperature up to 
700 °C 6). These properties are good for this purpose, 
because when the annealing temperature of the FePt 
film is higher than the temperature of the magnetic 
field annealing, the FePt film would not be affected by 
the magnetic field annealing. 

The magnetization curves of the FePt film after the 
entire fabrication process of the sensor element in 
easy and hard axis are shown in Fig. 4. The remanence 
was about 1.0 T and the coercive force was 2.5 kOe. A 
good isotropy was obtained even after the static field 
annealing of CoNbZr film. 

3.2. Property of the Integrated Sensor Element

Figure 5 shows MI properties of the fabricated MI 
sensor element at 300 MHz before and after magnetiz-
ing the bias magnet with the angles of 0–90 degrees in 
the identical sample. The impedance change ratio 
(DZ/Z0) of 13.3 % was obtained before magnetizing 
the FePt film and a slight field shift was observed. An 
almost symmetrical property against zero field was ob-
tained and a hysteresis of the MI curve was scarcely 
observed. It is thought that the MI property is not af-
fected by the minor loop of the FePt film because of 
the high coercive force of 2.5 kOe. The maximal bias 
field of 13.1 Oe was obtained when the magnetization 
was in the longitudinal direction, i.e., magnetizing an-
gle was 0°. This bias field is high enough to maintain 
the operating point of the sensor not only in the in-
creasing but also in the decreasing area of impedance. 
The MI properties of the integrated sensor after mag-

Fig.3. Schematic diagram of the bridge-connected sensor and 
photograph of the IC socket.
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Fig.4. Magnetization curve of the FePt film after magnetic field 
annealing at 400 ºC in the field of 3 kOe.
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Panel 1. Abbreviations, Acronyms, and Terms.

MI–Magneto Impedance
PE-CVD–Plasma Enhanced Chemical Vapor Deposi-

tion

DC–Direct Current
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netizing the FePt film showed asymmetry. The imped-
ance peak near zero fields showed larger value than 
that of higher external field. This is caused by the 
strong magnetic field locally generated in the edge 
area of the FePt film. 

In general, when the magnetic field is applied to a 
rectangular magnetic film, the edge of the longitudinal 
direction of the magnetic stripe is hardly magnetized 
due to its demagnetizing field. Therefore, the imped-
ance change is caused mainly by the central part of the 

stripe being magnetized. However, the strong field 
from the edge area of the thin-film magnet enables the 
entire area of the sensor element to be magnetized 
and causes larger impedance change.

The bias field changes with an in-plane direction 
with respect to the magnetizing field. The effective 
bias fields estimated from the shift of the sensor oper-
ating point in the Fig. 5 coincided well with the cosine 
component of the bias field at zero degrees, as shown 
in Fig. 6. This enables a more accurate setting of the 
bias field after completion of the fabrication process. It 
is thought that the difference with the cosine curve in 
higher angle is due to the nonuniform field caused by 
shape anisotropy of the FePt film and that this will be 
improved by using the FePt pattern so that the shape 
anisotropy becomes smaller.

The dependence of the output voltage on the exter-
nal field of the composed Wheatstone bridge circuit is 
shown in Fig. 7. The in-plane magnetizing angle of the 
integrated FePt film was 45 degrees. High-sensitivity 
area of the sensor output shifted to zero field with the 
help of DC bias field. Close-up of output voltage as a 
function of applied field is shown in the inset of Fig. 7. 
The sensitivity of 5.9 mV/Oe was obtained between 
the fields of ±1.2 Oe. 

A linear sensor property was obtained by adjusting 
the magnetizing angle of the FePt thin-film bias mag-
net.

4. Conclusion
In this paper, integration of thin-film MI sensor with 

FePt thin-film bias magnet was demonstrated. We pro-
posed a control method of the bias field generated 
from thin-film magnet and confirmed that the bias field 
was changed by controlling the angle of the magnetiz-
ing direction. By controlling the magnetizing angle of 
the FePt film, a linear sensor property was obtained 
around zero magnetic fields. This is a useful method 
to compensate the unintentional variation in the bias 
field from integrated bias magnet after fabrication. 
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Fig.6. Obtained bias field as a function of the magnetizing 
angle.
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Fig.7. Output voltage of the bridge connected sensor element 
after adjusting the bias field.
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Fig.5. Magneto-impedance properties with various magnetizing 
angles of integrated FePt bias magnet.
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