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Abstract: The phenomenon of magnetoimpedance in the multilayer
configuration of [Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with x = 1, 2, and 3 has
been successfully investigated. The electrodeposition method used for the
multilayer film preparation on the meander pattered of Cu PCB. The obtained
multilayer samples were evaluated the MI effect at room temperature with a
frequency of 100 kHz. Here, the MI effects were evaluated for a variation of
the AC driving current i.e. IAC = 4 mA, 8 mA, 12 mA, 16 mA, and 20 mA.
The MI measurement results show that the multilayer x = 3 has the largest MI
ratio and the multilayer with x = 1 was the smallest one. It is indicated that
interlayer coupling contributes to the MI effect. Whereas the skin depth also
confirms to contribute the MI ratio that showed the MI ratio increase with the
increase of the IAC.
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1. Introduction
Magnetic sensors take an important role in the field of electronics, especially because
it has high sensitivity and low energy consumption (Phan, and Peng., 2008). One of the
magnetic sensors that have attracted the attention of researchers was magnetoimpedancebased sensor and has many applications such as biosensors (Kurlyandskaya et al., 2003),
mineral detection (Wang et al., 2015), nanoparticle detection (Beato-López et al., 2017),
etc. Researchers have continued to investigate magnetoimpedance sensors with various
parameters such as; magnetic properties (Corte-Leon et al., 2021), sensitivity (Zhu et al.,
2019), etc.
High sensitivity, small size, stability, low energy consumption, and fast response are
potential factors for Giant Magnetoimpedance (GMI) to become a reliable sensor (Panina
et al., 2017). GMI can be explained as a large change in the impedance of a magnetic
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conducting material when exposed to an external magnetic field (Wang et al., 2015). The
effect of GMI can be increased not only by material selection and optimization of
treatment (annealing and doping) but also by optimization of size and structure (Chen et
al., 2010).
It has been reported that the effect of GMI on single-layered structures has a smaller
ratio (5%) than that of meander sandwich structures (64%) at frequencies of 30 MHz and
10 MHz, respectively (Chen et al., 2010). Other researchers also reported a GMI ratio in
the meander pattern of 218.4% at a frequency of 5.1 MHz (Wang et al., 2015). Meander
patterns have also been developed and are known to increase the GMI effect compared to
straight geometrics due to the addition of inductance to the shape (Zhou et al., 2008). The
study of symmetrical and non-symmetric layered structures carried out with various
configurations resulted in the highest ratio value of 170% at a frequency of 50 MHz
(Kurlyandskaya et al., 2015). The results of this study become a benchmark that the MI
ratio can be increased by modifying the structure configuration. In addition, theoretical
research has been reported on multi-layer symmetry and non-symmetry (Buznikov, and
Kurlyandskaya, 2019).
The combination of multilayer structures and meander patterns has the opportunity to
increase the sensitivity of magnetoimpedance-based sensors (Vilela et al., 2017; Kilic et
al., 2018; Kikuchi et al., 2020; De Melo et al., 2020). This research studies the multilayer
symmetry and non-symmetry but with the same total thickness of the multilayer. So in
this study, a combination of a multilayer structure configuration
[Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x and a meander patterned substrate was used. In
addition, the measurement of each sample is carried out with variations in AC driving
current such as research that has been reported (Aragoneses et al., 2000).
2. Experiment
In this study, multilayer thin films were deposited using the electrodeposition method
and Pt as the electrode. The deposition was carried out using PCB Cu substrate with a
meander pattern as shown in Figure 1. Before deposition, the PCB Cu was cleaned by
ultrasonic for 15 minutes. The electrodeposition process was carried out at room
temperature. The composition of the electrolyte solution used in electrodeposition and the
deposition process follows the previous study (Ismail et al., 2021).

Figure 1. Meander pattern design of PCB Cu substrate for magnetoimpedance sensor.
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Figure 2. The multilayer configuration [Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with x = 1,
2, and 3.
The multilayer samples were deposited with [Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x
multilayers configuration. So with variations of x = 1, 2, and 3, the multilayer structure is
made as illustrated in figure 2. It can be seen that the three samples to be used have the
same total thickness even though with different layer configurations.
The deposited multilayer samples were then measured at a frequency of 100 kHz.
Measurement using an LCR meter connected to a multilayer sample. The measurement
results of the LCR meter will be used to calculate the magnetoimpedance, namely
resistance, inductance, and capacity in multilayers. The multilayer is placed between the
two solenoids which will produce a magnetic field. Each sample was measured with a
variation of AC driving current I = 8 mA, 12 mA, 16 mA, and 20 mA.
3. Result and Discussion
Figure 3 shows the phenomenon of magnetoimpedance effect in multilayer
[Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x. Measurements were made at a current of 20 mA, at
room temperature, and an AC frequency of 100 kHz. Figure 1 shows a typical
magnetoimpedance curve, where the peak is around the 0 mT field, and the larger the
field the smaller the MI ratio. It is also seen that the magnetoimpedance ratio starts from
saturation in a field > 40 mT. There are three different samples of multilayer structure
[Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with x = 1, 2, and 3.

Figure 3. The magnetoimpedance curve ratio with current variation in multilayer
[Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with current I = 20 mA
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Figure 4 Magnetoimpedance effect curve in multilayer [Ni80Fe20/Cu]x/Cu/
[Ni80Fe20/Cu]6-x with current variation I = 4 mA, 12 mA, 20 mA.
Figure 4 shows a typical magnetoimpedance ratio curve for multilayer
[Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x. In the enlarged part of the image, it can be seen that
the peak position is in a magnetic field approaching H = 0 mT. The peak of the MI ratio
curve is greatest at AC driving current I = 20 mA for 1 and x = 2. The peak of MI ratio
gets lower along with the lower the AC driving current used.
Figure 5 shows that the curves of multilayer [Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with x
= 3 has the highest MI ratio and x = 1 the lowest. The maximum MI ratio value increases
with the greater the AC driving current used, it can be seen in Figure 3. Similar results
have also been reported [18]. According to Vazquez et al, the increase of MI ratio occurs
because the coercive field for the circular rotation magnetization process at circular
permeability is increasing (Vazquez et al., 1998).
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Figure 3 The curves of the influence of the AC driving current on the maximum value
of the magnetoimpedance ratio in multilayer [Ni80Fe20/Cu]x/Cu/[Ni80Fe20/Cu]6-x with x
= 1, 2, and 3.
4. Summary
The effect of electric current on the magnetoimpedance phenomenon of multilayer thin
films has been investigated. Observations were made with three different multilayer
structures with the same total thickness. Measurement of the magnetoimpedance ratio
was carried out at a frequency of 100 kHz & at room temperature. Based on the data
obtained, the greater the electric current used, the greater the maximum MI ratio. It
happened consistently in three different types of multilayer structures (x = 1, 2, and 3).
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