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A Study on Development of the EM Wave Absorber for ETC System
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Abstract

In this paper, the EM wave absorber was designed and fabricated for countermeasure against EMI from a ceiling
of a tollgate in ETC system. We fabricated several samples in different composition ratios of MnZn-ferrite, Carbon,
and CPE(Chlorinated Polyethylene). Absorption abilities were simulated 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 MnZn-ferrite, Carbon, and CPE was found as 40:15:45 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 3.3 mm and absorption ability was more than 20 dB in the case of normal incidence
and more than 11 dB for the incident angle from 15 to 45 degrees at 5.8 GHz. Therefore, it was confirmed that the

newly developed absorber can be used for ETC system.
ETC, EM Wave Absorber, MnZn-ferrite, Carbon, Permittivity, Permeability.
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I . Introduction

Metropolis is faced with serious traffic jam as the ad-
vancement of society and development of economy. The
government has introduced intelligent transport system
(ITS) for the solution of these problems. ITS offers the
service of various form combining hardware such as road
building, traffic, communication technology, and software.
Especially, electric toll collection(ETC) system is possi-
ble to realize ITS. ETC system is non-stop auto collec-
tion system through an application of dedicated short
range wireless communication(DSRC), which uses micro-
wave of the 5.8 GHz. ETC is a communication system
between a roadside antenna at the toll gate and a vehi-
cular antenna inside the car'!. When the operation of
ETC system was started, communication 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
1s a possible way to mitigate this problem, and several
kinds of absorbers are used in various places, such as
plate type used for a ceiling of a tollgate' or sheet type
used for nearby objects as shown in Fig. 1M

In this paper, we attempt to fabricate EM wave absor-
bers, the thickness of which is less than 3.5 mm, absorp-
tion ability is over 20 dB at 5.8 GHz for a ceiling of
a tollgate in ETC system. The EM wave absorber sam-
ples were made of MnZn-ferrite(magnetically lossy ma-
terial) and carbon(conductively lossy material) with CPE.
Then their reflection coefficients were measured.

C Tollgate

Fig. 1. EM wave absorber used ETC system.

The complex relative permittivity( e,~¢,—je,) and
complex relative permeability(ﬂ,.-:u'r —j K ) are calcu-
lated by the measured data. The EM wave absorber for
ETC system is simulated and fabricated based on the
simulated design.

II. Design of EM Wave Absorber

For an EM wave absorber made of a conductor-bac-
ked single layer as shown in Fig. 2, the return loss
(RL) can be obtained from the equivalent circuit as fo-
llows
z —1

i

z. +1

in

RL=-20log [dB]

(1)

Here, z;, is the normalized input impedance from the
surface of absorber.

The normalized input impedance is expressed as equa-
tion (2)[5].
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Incident Wave
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Reflection Wave

Fig. 2. EM wave absorber.

zz’n = ‘uf tanh[.lz_’r grdur d]
£ A

r

(2)

Here, A is the wavelength, d is the thickness of the
sample, ¢, is the complex relative permittivity, and g,
1s 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 :

‘u’tanh(jz—x EM, d] =1
£ A

r

(3)

In case of oblique incidence wave :
For the TE wave

tanh[j%\/gﬂu, —sin” 9)=1

i cosé
\/sr,ur —sin* @

4)
and for the TM wave

)

\/s,u —sin" & 2md : |

S tanh| j =" /e u —sin’*@ |=1
£ cosf [" A \/rﬂr ]

(5)

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 . |

IIl. Preparation and Measurements of Samples

3-1 Preparation of Samples

We used Carbon and MnZn-ferrite(Carbon-Ferrite ab-
sorber) as the raw material in order to prepare sheet-
type EM wave absorbers. Carbon-Ferrite absorber is chea-
per than pre-existing absorber and can be purchased

easily in the market. Also Carbon is very light weight
so that the developed EM wave absorber is to be
suitable for ceiling of a tollgate in ETC system. Each
material 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 controlled uni-
form by 70C during sample preparation because the sur-
face temperature affects the EM wave properties of
sheet- type absorbers'”. In order to investigate the cha-
racteristics(material property and Absorption ability etc.)
of samples which have a difference composition ratios
of materials, EM wave absorber samples were fab-
ricated by the composition ratios of Table 1. The fabri-
cating process of an EM wave absorber 1s shown in
Fig. 3.

Table 1. Composition ratio of sample.

Composition ratio of sample(wt.%)
MnZn Ferrite Carbon CPE

S 60

35 10 55
15 50

5 55

40 10 51
15 45

5 50

45 10 45
15 40

(a) Mixer (b) Open roller

() Shee

Fig. 3. Fabricating process of an EM wave absorber.
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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 type).
The absorption abilities of the samples were investigated
by using WILTRON-MODEL 360B network analyzer and
gauged by measurement system as shown in Fig. 4. and
Fig. 5 presents a photo of the sample holder and sheet-
type sample and toroidal shape sample. and the material
properties of these samples are calculated from S-para-
meter of samples through 1-21 method™.

IV. Simulation and Results

We measured reflection coefficient of the EM wave ab-
sorber samples containing MnZn-ferrite and Carbon with
CPE. Fig. 6 shows reflection coefficient of EM wave
absorber samples containing difference composition ratio
of materials in case of vertical incidence wave. The thick-
ness of the samples shown in Fig. 5 is 4 mm. A sample

Network 'ﬁ

Analyzet q Holder
ey B <

Sample

Sample

Fig. 4. Measurement system for reflection coefficient(Trans-
mission line method).

Fig. 5. A photo of EM wave absorber, sample holder
and sample.

72

o)
ko2
&
g 10 ...__.__,.-.-.-.-...“_____‘_ ............ .“.-.g?.- ___________ Ef- ..............................................
6 ' A De T
=S I S
g s L o
Q a4 o o
C 15 A WA HPe s
o
1 S U
o
B 20 e
—a— MnZn - Carbon : CPE=35%: 5:80wt%
S EERPIRE —o— MnZn : Carbon : CPE=35:10: 55wt %
—a&— MnZn : Carbon : CPE=35:15: 50 wt.%
‘25 T T I T | T | ¥ I ]
2 4 g 8 10 12

Frequency [GHz]

(a) Reflection coefficients of samples fixed ratio of MnZn-
Ferrite(MnZn-Ferrite=35 wt.%)

o2
=,
0, PO O . P
Q " A CE o d"
3] A A o o
E """"""""""""""""" 7 Wil ak------- —D %ﬂ? -----------------------------------
A
O 48 ] A
S .
-—
L I B T bl I-A ----------------------------------------------------------------------
g A
& s 1 S SO U
—e— MnZn  Carbon :CPE=40: 5:55wt%
----------------------------- —o— MnZn : Carbon . CPE = 40 : 10 : 50 wt.%
—4&— MnZn : Carbon : CPE=40:15:45wt.%
-25 T ' T ' J T ! ' f

2 4 8 8 10 12
Frequency [GHZ]

(b) Reflection coefficients of samples fixed ratio of MnZn-
Ferrite(MnZn-Ferrite=40 wt.%)

0
.5
m
B,
c
o 107
AS
=
@
S
s -15 S
o
o
@
N —
—e—MnZn : Carbon :CPE=45: 5:50wt.%
---------------------------- —— MnZn : Carbon : CPE=45: 10:45w.%
—&— MnZn : Carbon : CPE=45:15: 40 wt.%
-25 T T T T T T T g T

2 4 6 8 10 12
Frequency [GHZ]

(¢) Reflection coefficients of samples fixed ratio of MnZn-
Ferrite(MnZn-Ferrite=45 wt.%)

Fig. 6. Reflection coefficients of samples with different com-
position ratio (Thickness: 4 mm).



PARK et al. : A STUDY ON DEVELOPMENT OF THE EM WAVE ABSORBER FOR ETC SYSTEM

consist of MnZn-ferrite:Carbon:CPE=40:15:45 wt.% showed
the best absorption ability. This sample can be used for
designing the EM wave absorber of ETC system. The
optimum absorption ability of MnZn-ferrite and Carbon
with CPE 1s simulated by using the measured material
properties(relative permittivity and relative permeability)
of samples and controlling the thickness of absorber
based on equation 3. Fig. 7 shows design and manufac-
ture course of EM wave absorber.

The optimized EM wave absorber with thickness of
3.3 mm was absorption ability more than 22.5 dB at 5.8
GHz as shown in Fig. 8. And we fabricated EM wave

EM wave absorber samples were Fabricated
as diverse composition ratio of materials

J

Absorption ability of samples were analyzed in frequency range and
material properties of samples were calculated by measured data

4

The optimum absorption ability of EM wave absorber is simulated
by using the measured material properties of samples and
controlling the thickness of absorber based on Equation 3

J

EM wave absorber is Fabricated by simulation result

J

Developed EM wave absorber is measured and analyzed at 5.8 GHz

Fig. 7. Design and manufacture course of EM wave absor-

ber.
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Fig. 8. Comparisons of simulated and measured results in
case of vertical incidence wave.
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Fig. 9. Reflection coefficient in case of oblique incidence
wave(Thickness: 3.3 mm).

Fig. 10. Measurement system for reflection coefficient in

case of oblique incidence wave(Free Space Me-
thod).
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absorbers based on simulation results, thickness is 3.3
mm, absorption ability is more than 20 dB at 5.8 GHz
as shown in Fig. 8. The simulated data agree very well
with the measured ones.

When EM wave is oblique incidence wave, Fig. 9
shows the absorption ability of a fabricated EM wave ab-
sorber. Fig. 10 shows a measurement system for obli-
que incidence wave.

We confirmed the developed EM wave absorber have
‘good absorption properties of more than 11 dB over
incident angle ranging from 15 to 45 degree at 5.8 GHz

by Free Space Measurements Method".

V. Conclusion

In this paper, we investigated EM wave absorber for
a ceiling of a tollgate in ETC system. The EM wave ab-
sorber samples were made of MnZn-ferrite of a mag-
netic material and Carbon of a dielectric material with
CPE. The absorption ability of the samples were mea-
sured by vector network analyzer. We compared the ab-
sorption abilities of each sample. These material proper-
ties were calculated from the S-parameter. EM wave
absorber is designed by using material property and va-
riation of thickness at 5.8 GHz. The optimized composi-
tion ratio of absorbing materials was MnZn-ferrite:Car-
bon:CPE=40:15:45 wt.%, and absorption ability of the
EM wave absorber with thickness of 3.3 mm showed
more than 20 dB in the case of normal incidence wave
and more than 11 dB in the case of oblique wave
incidence from 15° to 45° at 5.8 GHz. Therefore, it was
confirmed that the newly developed absorber can be
used for countermeasure against EMI from a ceiling of
a tollgate in ETC system.
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formation Technology Research Center) support pro-
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Technology Advancement). (IITA-2008-(C1090-0801-
0034))

74

References

[1] K. Haneda, J. Takada, T. Iwata, Y. Wakinaka, and
T. Kunishima, "Experimental determination of pro-
pagation paths for the ETC System-Equipment de-
velopment and field test", Trams. IEICE, vol. E87-A,
no. 11, pp. 3008-3015, Nov. 2004.

[2] M. Hanazawa, O. Hashimoto, and K. Wada, "New
wave absorber using resistive film for ETC system”,
EMC Europe 2002 Int Symp. Dig., vol. 2, pp. 703-
705, Sep. 2002.

[3] T. Doi, N. Tashiro, T. Inoue, A. Fujita, and O. Ha-
shimoto, "A study on a wave absorber using ani-
sotropic carbon for ETC application”, Proc. of 2005
IEEE AP-S International Symposium on Antennas
and Propagation and USNC/URSI National Radio
Science Meeting, no. 61-67, Jul. 2005.

[4] K. Matsumoto, Y. Miura, T. Ozawa, O. Hashimoto,
and O. Okada, "Wave absorber with circular lattice
using metal mesh for improving ETC environment",
EMC Zurich 2007. 18th International Zurich Sympo-
sium, no. 24-28, pp. 233-236, Sep. 2007.

[5] Dae-Hun Kim, Dong Il Kim, Chang-Mook Choi,
and Jun-Young Son, "A study on design and fabri-
cation of complex type EM wave absorber with su-
per wide-band characteristics", Infernational Joural
of Navigation and Port Research, vol. 30, no. 2, pp.
161-166, Mar. 2006.

[6] Chang-Mook Choi, Dong 11 Kim, Rui L1, and Kwang-
Soob Ko, "Development of the electromagnetic wave
absorber for 94 GHz radar sensors using permalloy"”,
Internat. J. KIMICS, vol. 4, no. 3, pp. 1-4, Sep.
2006.

[7] Sang-Hyun Moon, Seung-Jae Shin, Jae-Man Song,
Dong II Kim, and Ki-Man Kim, "A study on the
development of ferrite EM wave absorbers for GHz
frequency band", Korea Electromagnetic Engineering
Soc., vol. 14, no. 12, pp. 1329-1334, Dec. 2003.

[8] Y. Naito, Electromagnetic Wave Absorbers, Tokyo:
New Obhm, 1987.

[91 T. Weiland, "A discretization method for the solu-
tion of maxwell's equations for six-component fields",
Electronics and Communication(AEU), vol. 31, no.
3, pp. 116-120, 1977.



PARK et al. : A STUDY ON DEVELOPMENT OF THE EM WAVE ABSORBER FOR ETC SYSTEM

Soo Hoon Park Young Man Song

recerved the B.E degree from Korea Mari-
time University in 2007. He is currently
working toward the M.E. degree in de-
partment of radio communication engi-
neering at Korea Maritime University. His
B research interests include the development
- of EM wave absorber, EMI/EMC, and
RFID systems.

received the B.E. degree from Dong- eui
University in 2006 and his ML.E. degree
in radio sciences & engineering from Korea
Maritime University in 2008. He is cu-
rrently working at Ace Technology. His
research interests include the EMI/EMC.

Dong I1 Kim Sang Gil Yoon

received his B.E. and M.E. degrees in
nautical science and electronic communi-
cations from Korea Maritime University
in 1975 and 1977, respectively, and his
Ph.D. degree in electronics from the To-
kyo Institute of Technology in 1984. He
is past-president of the Korea Electromag-
netic Engineering Society. Currently, he
1s a professor of the Dept. of Radio Sciences & Engineering
at Korea Maritime University. His research interests include
the design of microwave circuits and CATV transmission cir-
cuits, the development of EM absorbers, and EMC/EMI counter-
measures. Prof. Kim i1s a member of the Institute of Elec-
tronics, Information and Communications of Japan, the IEEC
of Korea, the KICS, and the KEES. He received the Academy
Industry Cooperation (A-I-C) Award from the Korea A-I-C.
Foundation in 1990, Treatise Awards from the Korea
Electromagnetic Engineering Society and the Korea Institute
of Navigation in 1993 and 1998, and the Korea President’s

Award from the Promotion of Science and Technology in
1995.

received the B.E. degree from Korea Ma-
ritime University in 2007. He is curren-
tly working toward the M.E. degree in
department of radio communication engi-
neering at Korea Maritime University. His
research interests include the development
1 of EM wave absorber, EMI/EMC.

75



