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A finite-element method is used to analyze loss generation and electromagnetic noise absorption characteristics

of a coplanar waveguide transmission line integrated with a magnetic thin film. Parameters used in the analy-

sis are the electrical resistivity of the magnetic layer and the thickness of both magnetic and insulating layers.

The results indicate that L-C resonance is the main loss mechanism of the electromagnetic noise absorption.
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1. Introduction

Many studies have been performed to apply soft mag-

netic materials to electromagnetic noise absorbers in the

GHz frequency band. However, the main loss mechanism

causing electromagnetic noise absorption has not been

cleared up yet. Some researchers reported that the ferro-

magnetic resonance (FMR) was the main loss mechanism

for electromagnetic noise absorption [1-4]. However, our

previous results indicated that L-C resonance is respon-

sible for the main loss mechanism, occurring through a

coupling of inductance of a magnetic film and non-

distributed capacitance of a dielectric layer [5]. One piece

of evidence is the shift of the noise absorption peak

toward a low frequency band with increasing thickness of

a magnetic film [5]. As the magnetic film thickness

increases, the inductance (L) increases and hence L-C

resonance frequency moves toward a low frequency band.

An opposite trend should be observed if FMR is the main

loss mechanism; as the magnetic film thickness increases,

the shape anisotropy increases, resulting in increased

FRM FMR frequency. So, the main purpose of the

present study is to test our previous experimental results

[5] by using a commercial high frequency simulation

program (HFSS ver. 9.2.1).

2. Finite Element Method Analysis

The finite element method (FEM) is a numerical techni-

que for efficiently solving problems which are described

by partial differential equations. A domain of interest is

represented as an assembly of finite elements. Approxi-

mating functions in finite elements are determined in

terms of nodal values of a physical field which is sought.

A continuous physical problem is transformed into a

discretized finite element problem with unknown nodal

values. To discretize a continuum is the first step in a

FEM analysis. And it is to divide a solution region into

finite elements. The finite element models for practical

analysis can contain tens of thousands or even hundreds

of thousands degree of freedom. It is not possible to

create such meshes manually. Mesh generator is a soft-

ware tool, which divides the solution domain into many

sub-domains, finite elements. 

Let us consider a three-dimensional coplanar transmi-

ssion line subjected to a radio frequency power. In the

GHz frequency range, not only the eddy currents, but also

the displacement currents are important to describe the

energy loss behavior. In this study, we used a 3D FEM

based on the complete set of Maxwell’s equations, includ-

ing the displacement current term and the continuity

equation of current. From Faraday’s law and Gauss’ law

for magnetic fields, the electric scalar potential φ and the

magnetic vector potential  are defined as follows; A*Corresponding author: Tel: +82-2-3290-3285, 
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(1)
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The basic equations for this FEM analysis for time-

harmonic magnetic vector potential and electric scalar

potential in the absence of spatial charges are; 

(3)

(4)

where μ, ε and σ are permeability, permittivity and

conductivity, respectively. The permeability μ is given as

a complex value. The magnetic vector potentials and

electric scalar potentials are also obtained as complex

values.

The detailed structure of the simulated device is shown

in Figs. 1(a) and (b) for an overall schematic and the

cross-section, respectively. Following the Muller and

Hillberg equations [6], a coplanar transmission line with a

characteristic impedance of 50 Ω was designed for a

signal line width of 50 μm and a thickness of 3 μm on a

#7059 Corning glass substrate. Material parameters for

simulation are listed in Table 1. For device simulation, it

was assumed that the permittivity (εr=4) of SiO2 film was

independent on the frequency, the volume resistivity was

high enough, and the loss tangent was negligibly small.

The transmission coefficient S21 and reflection coefficient

S11 were calculated using Eqs. (5)~(8);

(5)

(6)

(7)

(8)

where Vo_max is the magnitude of each maximum peak of

output voltage wave and Vi_max is that of input voltage

wave. Some portion of the input signal toward the output

port is always reflected from the interfacial boundaries

between the coplanar transmission line and the upper

layer and returns toward the input port. Vr_max is the

magnitude of each maximum peak of this reflected

voltage signal. φV(out_max), φV(in_max) and φV(ref_max) are the

phases of each maximum peak of the input, output and

reflected signals, respectively. The input impedance Z11 is

calculated by using Eq. 9;

(9)

where Z0, the characteristic impedance, is set to 50 Ω.

3. Results and Discussion

Fig. 2 shows the frequency dependence of the trans-

mitted scattering parameters (S21) of the simulated struc-

ture. In the simulation, the effect of the FMR loss on the

signal attenuation is also examined. The thickness, width

and length of the magnetic thin film are 1 μm, 200 μm

and 8 mm, respectively, while the values of resistivity (ρ),

saturated magnetization (4πMS) and anisotropy field (HK)

are fixed at 300 μΩcm, 15 kG and 15 Oe, respectively.

The FMR frequency of the present magnetic thin film,

which can be estimated by using the Landau-Lifshitz-

Gilbert equation, is 1.33 GHz at the given values of ρ and

4πMS. This resonance frequency is “intrinsic” in the sense

that the “extrinsic” shape anisotropy is not taken into

account in the calculation. The thickness of the insulating

E=−∂A
∂t
------−gradφ

B=rotA.

rot
1

μ
--- rotA( )− σ jωε+( ) jωA gradφ+( )=0

div σ jωε+( ) jωA gradφ+( )=0

S21 dB[ ]=20log
Vo_max

Vi_max

--------------
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Vr_max
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Zin=Z0

1 S11+

1 S11–
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Fig. 1. The device structure considered in the simulation,

showing (a) an overall schematic and (b) the cross-section.

Table 1. Material parameters used in the simulation; relative

permittivity (εr), relative permeability (μr), bulk conductivity

(σB), dielectric loss tangent (tanδD) and magnetic loss tangent

(tanδM), and the Lande g factor.

Material

Parameters

εr μr
σB

(Ω−1cm−1)
tanδD tanδM

Lande

g factor

Corning glass

#7059

5.75 1 0 0 0 0

Cu 1 0.999991 5.8×109 0 0 0

SiO2 4 1 0 0 0 2

Co-Fe-Al-O 1.2 500~1000 103~104 0 0 2
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SiO2 layer disposed between the magnetic layer and the

coplanar transmission line is 0.5 μm. The simulated

frequency range is 0.1~20 GHz. Two sets of results are

shown in Fig. 2; one set of results are obtained under the

assumption of no FMR in the magnetic thin film

(indicated by a thick solid line) and the other calculated in

the presence of FMR at 1.33 GHz (denoted by a thin

dotted line). In the former case of no FMR condition, the

parameters of permeability, permittivity, magnetic loss

tangent and dielectric loss tangent, which are usually

frequency dependent, are also assumed to be independent

of frequency. In the latter case, however, the frequency

dependency was considered for the frequency dependent

parameters. As FMR is made to occur in the magnetic

thin film, the frequency of the absorption peak (which is

indicated by the dip of S21) decreases from 13 GHz to 9

GHz while the magnitude of S21 increases from −14 dB to

−17.5 dB. One important point from the comparison is

that the main absorption peaks are far higher than the

intrinsic FMR frequency. Furthermore, there is no detect-

able change in the results near the FMR frequency. This

may provide evidence that the FMR loss is not the main

loss mechanism for electromagnetic noise absorption. The

role of the FMR loss is to change the frequency and

magnitude of the absorption peak, although the reason for

this is not clearly understood.

The results for the frequency dependence of S21 at

various magnetic thicknesses are shown in Fig. 3, where

the thicknesses of the magnetic layer considered are 0.3

μm, 0.6 μm and 1 μm, while its width and length are

fixed at 50 μm and 8 mm, respectively. The thickness of

SiO2 insulating layer is fixed at 0.1 μm. The values of ρ,

4πMS and HK of the magnetic layer are fixed at 100

μΩcm, 15 kG and 15 Oe, respectively. The simulation is

done without considering FMR. A progressive change in

the noise absorption peak occurs with the thickness

change. As the thickness of the magnetic layer increases

from 0.3 μm to 0.6 μm, the noise absorption peak

decreases from 12.8 GHz to 10.5 GHz, and the magnitude

of S21 also decreases from −6 dB to −10.5 dB. At the

largest thickness of 1 μm, the frequency and magnitude

respectively are 8.2 GHz and −16 dB. The reason for this

change is closely related with the thickness dependence of

inductance of the magnetic layer and the L-C resonance

frequency. The inductance of a magnetic body is propor-

tional to its volume. The frequency where L-C resonance

occurs is calculated as follows; 

(10)

As the thickness of the magnetic layer increases, the

inductance increases and the frequency of L-C resonance

moves toward the low frequency band. In this case, the

capacitance, in its distributed form, also exists because

the distributed capacitor is formed by the SiO2 layer

(εr=4). So, it is safe to mention that the noise absorption

peak in this simulation occurs by L-C resonance.

The results for the frequency dependence of S21 at

various thicknesses of the SiO2 insulating layer are shown

in Fig. 4. The thicknesses of the insulating layer consi-

dered are 0.1 μm, 0.3 μm and 0.5 μm. The thickness,

width and length of the magnetic layer are respectively

fixed at 1 μm, 50 μm and 8 mm. The values of ρ, 4πMS

and HK of the magnetic layer are fixed at 500 μΩcm, 15

kG and 30 Oe, respectively. The simulation is done

fL C– =
1

2π LC
------------------

Fig. 2. The frequency dependence of the transmitted scattering

parameters (S21). Two sets of results are shown; one under the

assumption of no FMR in the magnetic thin film (indicated by

a thick solid line) and the other in the presence of FMR at 1.33

GHz (denoted by a thin dotted line). 

Fig. 3. The frequency dependence of S21 at various magnetic

thicknesses of 0.3 μm, 0.6 μm and 1 mm.
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without considering FMR. When the SiO2 layer thickness

is 0.1 μm, the noise absorption peak occurs at 7.8 GHz

and the magnitude of S21 is −15.5 dB. As the thickness

increases, the frequency of the absorption peak moves

toward the high frequency band while the magnitude

decreases. At the thickness of 0.3 μm, the resonance

frequency and magnitude of S21 respectively are 10.5

GHz and −12.7 dB and, at the thickness of 0.5 μm, they

are respectively 14 GHz and −9 dB. This change with the

thickness of the SiO2 layer is closely related with the

capacitance of the SiO2 layer and L-C resonance. The

insulating SiO2 layer is located between the magnetic

layer and the Cu transmission line and this structure

forms a capacitor. This is because the magnetic layer and

the Cu transmission line act as metal electrodes. Accord-

ingly, this structure generates the distributed capacitance

in the high frequency region. The capacitance of a di-

electric substance is the function which is usually inverse-

ly proportional to its thickness. As the thickness of the

dielectric substance increases, the capacitance decreases

and, according to Eq. 10, the L-C resonance frequency

increases. Similarly to the results shown in Fig. 3, the

noise absorption peak occurs due to L-C resonance which

occurs by the coupling between the distributed inductance

of magnetic layer and the distributed capacitance of SiO2

layer.

The results for the frequency dependence of S21 are

shown in Fig. 5 at various values of electrical resistivity

(ρ) of the magnetic layer: 100 μΩcm, 300 μΩcm and

1000 μΩcm. The thickness, width and length of the

magnetic layer are fixed at 0.5 μm, 50 μm and 8 mm,

respectively, while the values of 4πMS and HK are respec-

tively 15 kG and 15 Oe. The thickness of SiO2 layer is

fixed at 0.1 μm. Again, the simulation is done without

considering FMR. When the value of ρ is 1000 μΩcm,

the noise absorption peak occurs at 10 GHz and the

magnitude of S21 is −10 dB. As the resistivity decreases

below 1000 μΩcm, the frequency at which the noise

absorption begins to occur moves toward the low frequ-

ency range. On the contrary, the frequency of the noise

absorption peak moves toward the high frequency range,

although the change is small. In this case, the magnitude

of the absorption peak decreases. At ρ = 1000 μΩcm, the

noise absorption characteristics typical of a band stop

filter are seen; at a level of −3 dB which is usually taken

to be the boundary of a weak signal transmittance, the

noise absorption starts at 8 GHz and ends at 12 GHz. At

ρ = 300 μΩcm, the noise absorption starts at 3.66 GHz

and the absorption peak occurs at 11 GHz with a magni-

tude of −9 dB. At ρ = 100 μΩcm, the noise absorption

starts at 3.36 GHz and the absorption peak occurs at 12

GHz with a magnitude of −7.23 dB. Obviously, the

change of the noise absorption frequency as a function of

the resistivity is related with the eddy current effect. The

eddy current is high at high frequencies and it is low at

high values of resistivity, although detailed relationship

among them is geometry dependent, making it difficult to

calculate. However, it is expected that the magnitude of

eddy current itself does not affect significantly the noise

absorption characteristics; instead, its effect is indirect

through the change of the permeability of the magnetic

thin film and hence the inductance. The large eddy cur-

rent loss will decrease the permeability of the magnetic

substance in the high frequency region. Because the

inductance of the magnetic substance is the function of its

permeability, the inductance decreases as the permeability

decreases. So, the L-C resonance frequency increases and

Fig. 4. The frequency dependence of S21 at various SiO2 thick-

nesses of 0.1 μm, 0.3 μm and 0.5 μm. 

Fig. 5. The frequency dependence of S21 at various values of

electrical resistivity (ρ) of the magnetic layer: 100 μΩcm, 300

μΩcm and 1000 μΩcm.
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the frequency of the noise absorption peak shifts toward

the high frequency band.

4. Conclusions

A finite-element method using a commercial simulation

package (HFSS version 9.2.1) was applied to analyze the

loss generation and electromagnetic noise absorption

characteristics of a coplanar waveguide transmission line

integrated with a magnetic thin film. The variation of

electromagnetic noise absorption characteristics is ex-

amined with the thickness of both magnetic and insulat-

ing layers and the electrical resistivity of the magnetic

layer. As the thickness of the magnetic layer increases,

the frequency of the noise absorption peak moves toward

the low frequency band, due to the increased inductance

and hence the reduced L-C resonance frequency. The

effects of the thickness of the SiO2 insulating layer can be

explained similarly; as the thickness of the insulating

layer increases, the frequency of the noise absorption

peak moves toward the low frequency band, due to the

decreased capacitance and hence the increased L-C reson-

ance frequency. The noise absorption bandwidth increases

slightly as the electrical resistivity of the magnetic layer

decreases, possibly due to the decreased permeability of

the magnetic layer. No significant change is observed

between the results obtained by considering FMR and

those without FMR. The present simulation results indi-

cate that L-C resonance is the main loss mechanism for

the electromagnetic noise absorption, with minor contri-

butions from FMR and eddy currents.
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