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There are few reports of high frequency loss behavior in the near-field for magnetic films with semiconducting
properties, even though semiconducting magnetic materials, such as soft magnetic amorphous alloys and
nanocrystalline thin films, have been demonstrated. The electromagnetic loss behavior of multilayer magnetic
films with semiconducting properties on the microstrip line in quasi-microwave frequency band was analyzed
numerically using a commercial finite-element based electromagnetic solver. The large increase in the absorp-
tion performance and broadband characteristics of the semiconducting/insulating layer magnetic films exam-
ined in this study were attributed to an increase in the loss factor of resistive loss. The electromagnetic reflection
increased significantly with increasing conductivity, and the loss power deteriorated significantly. The numeri-
cal results of the magnetic field distribution showed that a strong radiated signal on the microstrip line was
emitted with increasing conductivity and decreasing film thickness due to re-reflection of the radiated wave
from the surface of the magnetic film, even though the emitted levels varied with film thickness.
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1. Introduction

There has been considerable improvement in the develop-
ment of information and communication technology with
electronic devices and systems, such as notebooks, com-
puters and mobile phones, becoming smaller, multi-func-
tioned and highly integrated. According to technological
trends, there are increasing problems with electromag-
netic interference and electromagnetic compatibility (EMI/
EMC) in these devices or systems. One way of suppress-
ing unwanted electromagnetic waves is to use a micro-
wave absorber. In order to meet the requirements, the
microwave absorber should be very thin but exhibit high
performance at the higher resonant frequency. The micro-
wave absorber absorbs unwanted electromagnetic waves
from outer space and removes the reflected wave by
dissipating the signal energy impinging on its surface in
the form of heat. When the incident wave travels through
a material, the higher absorption of the electromagnetic
wave is due to the higher loss properties of electro-

magnetic materials. Several materials with a loss factor,
such as conductive loss, dielectric loss, or magnetic loss,
have been developed [1-3]. Among these materials, ferrite
or soft magnetic metal alloy materials with magnetic loss
have been examined for applications as microwave ab-
sorbers. In addition to these reports, studies of the high
frequency loss behavior in the near-field for multilayer
magnetic films with semiconducting properties are still in
progress. In this study, the loss characteristics and noise
distribution on a microstrip line (MSL) for semiconduct-
ing/insulating layer magnetic films with different thick-
nesses and conductivities were examined by numerical
analysis using a commercial finite-element based electro-
magnetic solver.

2. Experimental Procedure

Numerical analysis was carried out using a microstrip
line method in quasi-microwave band to examine the ab-
sorption properties of double layer magnetic films with
semiconducting properties [4]. A high frequency structure
simulator (HFSS) CAD simulation program based on a
finite element method was used to simulate the electro-
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magnetic loss properties and magnetic field distribution.
Fig. 1 shows the device details for the simulation model.
The microstrip line consisted of a copper conductor on a
PTFE (poly(tetrafluoroethylene)) substrate, which is
dielectric with a permittivity of 2.5, and a ground at the
bottom of the microstrip line. The signal line was 2.228
mm wide, 70 mm long and 0.012 mm thick, and the
dimensions of the substrate in the designed microstrip line
was 70 × 70 × 0.8 mm. The reflection (S11) and trans-

mission (S21) parameters of the microstrip line attached to
the magnetic double layer films were calculated using the
dielectric results obtained by the cavity perturbation
methods at frequencies ranging from 100 MHz to 6 GHz,
where a film sample, 50 mm in length and width, was
located at the center of the microstrip line with the
characteristic impedance of 50 Ω. 

Magnetic double layer films with a laminated structure
of a semiconducting and insulating layer were used for
the simulation. It was assumed that the conductivity of
the insulating magnetic film was 8 × 10−8 S/m and the
film was attached to the microstrip line with no gaps, as
shown in Fig. 1(b). The semiconducting magnetic film
with different conductivity was assumed to be layered on
the insulating film and the thickness of each layer was
half of the total thickness of the magnetic double layer

Fig. 1. (a) Simulation model of the microstrip line, and (b) its
cross-sectional view.

Fig. 2. Material properties of the semiconducting and insulat-
ing magnetic films.

Fig. 3. The top view of the magnetic field distribution on the surface of the microstrip line attached to the semiconducting/insu-
lating layered magnetic films with different conductivity at thickness of 50 (25/25) µm. (a) Bare microstrip line and each conduc-
tivity (and reflection) is (b) 20 S/m (5 %), (c) 150 S/m (20 %), (d) 400 S/m (38 %), (e) 103 S/m (50 %), and (f) 104 S/m (70 %),
respectively.
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films. The conductivity and thicknesses of the semicon-
ducting layer varied from 1 S/m to 105 S/m and from 2
µm to 100 µm, respectively. Fig. 2 shows the frequency
dependence of the material parameters of the semicon-
ducting/insulating layer magnetic films.

3. Results and Discussion

Fig. 3 shows the top view of the magnetic field distri-
bution on the surface of the microstrip line attached to the
semiconducting/insulating layer magnetic film, 50 (25/25)

Fig. 4. The top view of the magnetic field distribution for the double layered films at various thicknesses; (a) 4 (2/2) µm, (b) 10 (5/
5) µm, (c) 50 (25/25) µm, and (d) 100 (50/50) µm, respectively at 0.3 GHz, when all reflections of the double layered magnetic
films were constant to approximately 20 %. (a)-(d) on the bottom surface of the magnetic film (i.e., on the surface of the microstrip
line) and (e)-(h) on the top surface of the magnetic films.

Fig. 5. The calculated (a) electromagnetic absorption and (b) reflection of the double layered magnetic films with different thick-
nesses at a reflection of 20 % and frequencies of 0.3 and 6 GHz, respectively.



Journal of Magnetics, Vol. 13, No. 3, September 2008 − 95 −

µm thickness, with different conductivities (i.e., reflection).
Strong radiated noise was generated when the reflection
was > 20 % (150 S/m), whereas radiated noise was not
generated when the reflection was < 20 %. This was attri-
buted to re-reflection from the surface of the magnetic
films with conductivity > 150 S/m. These results suggest
that the conductivity of the microwave absorber films need
to be properly controlled because the magnetic absorber
film with a reflection > 20 % can generate radiation noise.
Fig. 4 shows the top view of the magnetic field distribu-
tion on the bottom and top surfaces of the magnetic films
at various thicknesses at 0.3 GHz, where all the reflec-
tions of the magnetic double layer films were constant to
approximately 20 %. A top view of the bottom surface of
the magnetic films showed that a radiated field was not
generated for all films. The views on the top surface of
the magnetic films indicated that the electromagnetic wave
was effectively suppressed on the surface of the micro-
strip line and on the output port. 

The numerical results in Fig. 5 show the reflection and
absorption characteristics of the magnetic double layer
films with different thicknesses at frequencies of 0.3 and
6 GHz, respectively. The maximum absorption at 0.3 and
6 GHz increased up to 48 % and 97 %, respectively. At
0.3 GHz, the absorption began to deteriorate with increa-
sing conductivity at a reflection > 20 % because the re-
flection increased up to 80 % with increasing conduc-
tivity. At 6 GHz, there was a similar trend with increasing
reflection but the decrease in absorption was observed at
a reflection much lower than 20 %. This was attributed to
the relatively high transmission and low reflection that
was sufficient to be ignored in the region below 100 S/m
at high frequency, even though there was some
dependence on film thickness. Fig. 6 shows the loss
power characteristics of the magnetic double layer films
with a reflection of 5 % and 20 %. The power loss
increased gradually with increasing frequency at both

reflections at 5 and 20 % at the frequency of 0.3 GHz.
The power loss of the magnetic films with a reflection of
20 % increased strongly up to 68-79 % and 96-98 % at 1
and 6 GHz, respectively. On the other hand, with a
reflection of 5 %, the power loss was 47-53 % and 75-86
%, respectively. 

Fig. 6. Loss power properties of the double layered magnetic
films with a reflection of (a) 5 % and (b) 20 % at various
thicknesses.

Fig. 7. Frequency response characteristics of the double layered magnetic films with a reflection of 20 %; (a) reflection loss and (b)
transmission loss at various thicknesses.
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Fig. 7 shows the frequency dependence of the reflection
and transmission loss of the magnetic films with different
thicknesses and a reflection of 5 % and 20 %, respec-
tively. The reflection loss (S11) was −7.5 ~ −6.5 dB at 0.3
GHz at various thicknesses, while S11 was < −10 dB in the
frequency range from 1 GHz to 6 GHz. It appears that the
reflection loss was higher at frequencies < 0.3 GHz, but
was still within the allowable value for practical use as an
electromagnetic wave absorber [5]. Overall, a remarkable
improvement in absorption performance of semiconduct-
ing/insulating layer magnetic films with broadband char-
acteristics was achieved by controlling the conductivity
up to an optimum level. 

 
4. Conclusion

The loss power characteristics of the semiconducting/
insulating layer magnetic films with different levels of
electrical conductivity on the microstrip line were ex-
amined by numerical analysis in quasi-microwave band.
The remarkable improvement in absorbing performance
was attributed to the increase in loss factor of the resistive
loss. However, when the reflection was > 20 %, the re-
flection with increasing conductivity increased and the
loss power deteriorated significantly. The numerical results
of the magnetic field distribution confirmed that the
radiated wave was emitted strongly with increasing con-
ductivity of the semiconducting layer on the microstrip
line due to the re-reflection of the radiated wave from the

surface of the magnetic film. In conclusion, the high
performance and broadband characteristics of the semi-
conducting/insulating layer magnetic films was achieved
by controlling the conductivity and thickness to an
optimum level. 
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