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Design and Fabrication of the EM Wave Absorber 

with Excellent Characteristics for ETC System
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Abstract 

In this paper, the EM wave absorber for ETC system was designed and fabricated. We fabricated several samples 
in different composition ratios of flaked sendust and CPE(Chlorinated Polyethylene). Absorption abilities were simu-
lated in accordance with different thicknesses of the prepared absorbers and changed complex relative permittivity and 
permeability according to composition ratio. The optimized mixing ratio of flaked sendust and CPE was found as 60 
: 40 wt.% by experiments and simulation. Then the EM wave absorber was fabricated and tested using the simulated 
data. As a result, the developed EM wave absorber has the thickness of 2.75 mm and absorption ability was 22.5 
dB in the case of normal incidence at 5.8 GHz. Therefore, it was confirmed that the newly developed absorber can 
be used for ETC system.
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Ⅰ. Introduction

Metropolis is faced with serious traffic jam as the  
advancement of society and development of economy. 
The government has introduced Intelligent Transport 
System (ITS) for the solution of these problems. ITS of-
fers the service of various form combining hardware 
such as road building, traffic, communication technology, 
and software. Especially, Electric Toll Collection (ETC) 
system is possible to realize ITS. ETC system is non- 
stop auto collection system through an application of 
Dedicated Short Range wireless Communication (DSRC), 
which uses microwave of the 5.8 GHz. ETC is a com-
munication system between a roadside antenna at the 
toll gate and a vehicular antenna inside the car [1]. 
When the operation of ETC system was started, commu-
nication error was caused in ETC Environment due to 
undesired electromagnetic (EM) waves from walls, ETC 
gates, or other possible nearby objects. The optimal use 
of EM wave absorber is a possible way to mitigate this 
problem, and several kinds of absorbers are used in va- 
rious places, such as plate type used for a ceiling of a 
tollgate [2] or sheet type used for nearby objects as 
shown in Fig. 1 [3], [4]. 

In this paper, we attempt to fabricate EM wave    
 absorbers, the thickness of which is less than 3 mm, 
absorption ability is over 20 dB at 5.8 GHz for ETC 
system. The EM wave absorber samples were made of 
Flaked Sendust with CPE. Then their reflection coeffi- 

Fig. 1. EM wave absorber used ETC system.

 
cients were measured. The complex relative permittivity 

( ) and complex relative permeability (
) are calculated by the measured data. The EM 

wave absorber for ETC system is simulated and fab-
ricated based on the simulated design.

Ⅱ. Design of EM Wave Absorber

For an EM wave absorber made of a conductor- 
backed single layer as shown in Fig. 2, the Return Loss 
(RL) can be obtained from the equivalent circuit as fol-
lows :

 

(1)  
 

where, zin is the normalized input impedance from the 
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Fig. 2. EM wave absorber in single layer.

 

surface of absorber.

The normalized input impedance is expressed as equa-

tion (2) [5].
 

(2)  
 

where, λ is the wavelength, d is the thickness of the 

sample, εr is the complex relative permittivity, and μr 

is the complex relative permeability. The situation in RL 

more than 20 dB ("matching situation") for incidence of 

an electromagnetic wave is given by [5], [6]

In case of normal incidence wave :
 

(3)  
 

In case of oblique incidence wave :

For the TE wave
 

(4)  
 

and for the TM wave
 

(5)  
 

where   is the incident angle.

Ideal EM wave absorber can be designed using equa-

tion (3), (4), and (5) and it was recognized that the im-

portant parameter is the complex relative permittivity, 

the complex relative permeability, and thickness of EM 

wave absorber [6].

For the real EM wave absorber design and fab-

rication, we must various and several samples using the 

base and raw material of flaked sendust, and CPE, whi-

ch are fabricated by the composition ratios of the dis-

crete values including the optimum one. In this case, the 

material constants, i. e., the complex dielectric constants 

and the complex permeability should be measured. Th-

en, using these constants, the absorber with the best 

characteristics will be designed by simulations. Finally it 

will be manufactured and evaluated by experiments.   

Ⅲ. Preparation and Measurements of Samples

3-1 Preparation of Samples

We used flaked sendust as the raw material in order 

to prepare sheet-type EM wave absorbers. Moreover we 

processed the flaked sendust powders, which can be 

manufactured with mechanical forging of spherical Sen-

dust powders using attrition mill to get high value of 

magnetic permeability and dielectric permittivity. Fig. 3 

shows that the SEM images of the Sendust powder. 

Flaked sendust was mixed with CPE as a binder, and a 

sheet type absorber was fabricated by using an open 

roller. The open roller’s surface temperature was con-

trolled uniform by 70 ℃ during sample preparation be-

cause the surface temperature affects the EM wave pro-

perties of sheet-type absorbers [7]. In order to inves-

tigate the characteristics (material property and Absorp-

tion ability etc.) of samples which have a difference 

composition ratios of materials, EM wave absorber sam-

ples were fabricated by the composition ratios of flaked 

sendust: CPE=60:40 wt.%, flaked sendust:CPE=70:30 wt. 

%, and flaked sendust:CPE=80:20 wt.%. As CPE por-

tion of EM wave absorber is increasing, the re- lative 

permeability is decreased. So the optimum ratio of flak-

ed sendust to CPE has been investigated into the EM 

wave absorber for ETC systems. If CPE portion is too 

small, however, it is impossible to fabricate EM wave 

absorber due to stiffness of the absorber. 

The fabricating process of an EM wave absorber is 

shown in Fig. 4.  

3-2 Measurements of Samples

For investigating of the EM wave absorption abilities 

of the samples, the prepared sheet-type absorbers were 

punched into a toroidal shape with an inner diameter of 

3.05 mm and an outer diameter of 6.95 mm (GPC7 ty- 

   

     (a) Flaked sendust          (b) Raw sendust

Fig. 3. SEM of flaked sendust and raw sendust.



JOURNAL OF THE KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 12, NO. 1, MAR. 2012

22

Fig. 4. Fabricating process of an EM wave absorber.

 

pe). The absorption abilities of the samples were in-

vestigated by using network analyzer and gauged by mea- 

surement system as shown in Fig. 5 and Fig. 6 pre-

sents a photo of the sample holder and sheet-type sam-

ple and toroidal shape sample. and the material proper-

ties of these samples are calculated from S-parameter of 

samples through —2 method [8].

Ⅳ. Simulation and Results

We measured reflection coefficient of the EM wave 

absorber samples containing flaked sendust with CPE. 

Fig. 7 shows reflection coefficients of EM wave absor- 

ber samples containing difference composition ratio of 

materials in case of vertical incidence wave. The thick-

ness of the samples are 2 mm and 4 mm. The sample 

made of flaked sendust:CPE=60:40 wt.% showed the 

best absorption ability as shown in Fig. 7(a). 

Thus, this sample was used for designing the EM 

wave absorber of ETC system. The optimum absorption 

ability of flaked sendust: CPE was simulated by using 

the measured material constants (relative permittivity 

and relative permeability) of samples and controlling the 

thickness of absorber based on the eq. (3).

Furthermore, we fabricated EM wave absorbers based 

on simulation results, thickness is 2.7 mm, absorption 

Fig. 5. Measurement system of reflection coefficients (tr-
ansmission line method).

Fig. 6. Photos of EM wave absorber, sample holder, and 
samples for inserting into the holder.

 

ability is more than 20 dB at 5.8 GHz as shown in Fig. 

7. The simulated data agree very well with the measured 

ones.

The reflection coefficents with the incidence angle is 

usually given by [8]
 

  tan
  (6)  

 

In addition, the reflection coefficients for the polariza-

tions of TE and TM waves are given by the left sides 

of eqs. (4) and (5), respectively. Especially the absorp-

tion characteristics for normal incidence were excellent, 

while the ones for oblique incidence were relatively 

good. 

Firstly, 3 kinds of samples with different ratios of 

sendust to CPE were fabricated. Then we compared the 

material constant and regarded that the composition ratio 

of flaked sendust:CPE=60:40 wt.% is the best. Second-

ly, we calculated the optimum thickness of EM wave 

absorber for ETC system by computer simulation at 5.8 

GHz. As a result, we found a few samples with the ab-

sorption ability more than 20 dB, and especially the op-

timized one with the thickness of 2.75 mm has the most 

absorption ability of 22.5 dB.  

The optimized EM wave absorber with thickness of 

2.75 mm has absorption ability of 22.5 dB at 5.8 GHz 

as shown in Fig. 10 where the flaked sendust was used. 

On the other hand, Fig. 11 shows the absorption of  13 

dB of samples (Amorphous:CPE=60:40 wt. %). The 

absorption characteristics of the flaked sendust we-   

re improved greatly compared with the convetional 

one. 

Fig. 8(a) and (b) show the material costants of the 

sample with the mixing ratio of flaked sendust:CPE 

=60:40 wt.%, while Fig. 9 shows the loss tangent of 

samples with the mixing ratio of flaked sendust:CPE 
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(a) Reflection coefficients of samples with the fixed ratio 
of flaked sendust:cPE=60:40 wt.%

(b) Reflection coefficients of samples with the fixed ratio 
of flaked sendust:CPE=70:30 wt.%

(c) Reflection coefficients of samples with the fixed ratio 
of flaked sendust:CPE=80:20 wt.%

Fig. 7. Reflection coefficients of samples with different com-
position ratio (thickness: 2, 4 mm).

(a) Relative permittivity of samples with the fixed ratio of 
flaked sendust: CPE=60:40 wt.%.

(b) Relative permeability of samples with the fixed ratio of 
flaked sendust:CPE=60:40 wt.%

Fig. 8. Material constants of the samples by flaked sen-

dust:CPE=60:40 wt.%.
 

Fig. 9. Loss tangent of samples with the mixing ratio of 
flaked sendust:CPE=60:40 wt.%.
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Fig. 10. Comparisons of simulated and measured results 
in the case of vertical incidence wave.

Fig. 11. Reflection coefficients of a conventional sample 
(Amorphous:CPE=60:40 wt.%).

 

=60:40 wt.%.

Ⅴ. Conclusion

In this paper, we investigated EM wave absorber for 

ETC system. The EM wave absorber samples were 

made of flaked sendust as a magnetic material and CPE 

as binder. The absorption abilities of the samples were 

measured by a vector network analyzer. We compared 

the absorption abilities of several samples. These materi-

al properties were calculated from the S-parameters. The 

best EM wave absorber was designed by using the ma-

terial property and changing thickness at 5.8 GHz for 

ETC system.

The optimized composition ratio of absorbing materi-

als was derived as flaked sendust:CPE=60:40 wt.%, and 

absorption ability of the EM wave absorber with thick-

ness of 2.7 mm showed absorption ability of 22.5 dB 

for normal incidence wave. Therefore, it was confirmed 

that the newly developed absorber can be used for in 

ETC system.

This work was supported by the program of the 
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Sanhak-Corporation Foundation.
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