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A Study on the EM Wave Absorber for Improving
Electromagnetic Environment of Wireless LAN at 2.4 GHz
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Abstract : In this paper, we designed and fabricated the Electro-Magnetic (EM) wave absorber for wireless LAN by using Amorphous
and CPE. The material constants and the absorption properties were measured for the samples containing 50 %, 60 %, and 70 % weight
fraction of Amorphous. Moreover, the EM wave absorption abilities were simulated for the EM absorbers in different thicknesses by
adopting the measured permittivity and permeability, and then the EM wave absorber was fabricated based on the simulated design
values. As a result, the EM wave absorber with the composition ratio in Amorphous . CPE = 60 : 40 wt.% with the thickness of 4 mm
has the absorption ability more than 35 dB at 24 GHz Thus, it is expected the wireless LAN environment can be improved by using

the developed absorber.
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1. Introduction

With the rapid advancements in the electronics industry
and the radio communication technology, mankind might
enjoy his abundant life. On the other hand, serious social
problems such as electromagnetic interference (EMI) and
electromagnetic susceptibility (EMS), have arisen due to the
increased applications of electromagnetic waves(Kim, et al.,
1996). Therefore, the countermeasures against electromagnetic
wave problems are important subjects(Kim, et al., 2006).
These problems can be solved through the use of EM wave
absorbers. EM wave absorbers are well known to use three
kinds of loss,
magnetic loss(Choi, et al., 2003).

Wireless LAN is often applied at home or in office for

loss, conductive dielectric lossesi, and

several convenience merits. Frequency band of wireless
LAN is 24 GHz and 52 GHz which are specified IEEE
802.11a and IEEE 802.11b(Stphen and Sailiga, 2000).
Wireless LAN environment in office has reflected waves
that are caused by walls, ceilings, floors, and desks. It
creates multi-path problems. Which reduce communication
speed and lose data(Nitta, 2000). These problems can be
solved by using the EM wave absorber.

In this paper, we fabricated the EM wave absorbers for
wireless LAN using Sendust magnetic material inter-mixed
with chlorinated polyethylene (CPE), and their impedances
The complex relative permittivity

were  measured.
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material constant

(&,=¢ —j& ) and permeability (£, =4 —ju) were
calculated by the measured data. The EM wave absorption
abilities are simulated according to the thicknesses of the
EM wave absorbers, and the EM wave absorber was

manufactured based on the simulated design values.

2. Design of EM wave absorber

For an EM wave absorber made of a conductor-backed
single layer type as shown in Fig. 1, the Return Loss (RL)
can be obtained from the equivalent circuit as follows(Soh
and Hashomoto, 2001, Pozer, 2005).

;1
RL =-20log,, |22 [dB]

z, +1 (1)
Here, z . 1s the normalized input impedance.

A

The normalized input impedance Zin
eq.(2) (Hashimoto, 1997).

z, = ﬂ’tanh(jZ” gr,urdj
£, A 2)

Where X is the wavelength, d is the thickness of the

sample, ¢, is the complex relative permittivity and p, is the

is expressed as

complex relative permeability. The reflection-less condition
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for normal incidence of an electromagnetic wave is given by

Absorber

Incident Wave # 8’_

Reflected Wave - Hy

Metal
Plate

—d

Fig. 1 The single-layered EM wave absorber.

/1, tanh(jh g,,y,,djzl
£ A

r

3

Therefore, if the eq.(3) is solved the relationship between
the material property and the sample thickness can be
simulated. Further, it is possible to use equation (1) for
confirmation of the absorption abilities(Choi, et al., 2006).

3. Preparation and Measurements of Samples

3.1 Sample for preparation

The conventional EM wave absorber is usually consisted
of spinel structure Ferrite materials, such as Mn-Zn and
Ni-Zn ferrites. According to Snoek’s limit, spinel structure
ferrites have frequency limit at GHz rage because getting
high permeability at high frequency rage is difficult(Snoek,
1984). Thus, we used Amorphous of soft magnetic metal
powder and CPE as binder. The EM wave absorber was

manufactured with process of Fig. 2.

MO©

(b) Open Roller

0

Materials + CPE

(a) Mixer

(c) Sheet

Fig. 2 Fabricating process of an EM wave absorber.

First, Sendust was mixed with the binder of CPE, and the
sheet-type absorber was fabricated using an open roller.
The open roller's surface temperature was keeping 70T
during sample preparation because the surface temperature
affects the EM wave absorption ability of the sheet-type
absorber(Moon, et al., 2003).

3.2 Measurement method

For the
properties of the samples, the prepared sheet-type absorbers

investigation of the EM wave absorption
were punched into a toroidal shape with an inner diameter
of 305 mm and an outer diameter of 695 mm. The
absorption properties of the samples were investigated with
the HP 8753D Vector Network Analyzer. Fig. 3 and 4 are
diagrams of the measurement system used for the reflection

coefficient and the sample holder, respectively.

Network
Analyzer

B Sample

Fig. 3 Measurement System for Reflection Coefficient

EM Wave Absorber

R X
B 4
~ Sample

Fig. 4 A photo of EM wave absorber, Sample Holder and
Sample

3.3 Measurements

We carried out the EM wave absorber design with the
samples containing 50 wt.%, 60 wt% and 70 wt.% of
Amorphous. Fig. 5, 6 and 7 show reflection coefficients as a
function of frequency for the samples containing difference
composition ratios of materials. In Fig. 6, it is shown that

- 540 -



the predictable optimum composition ratio of Amorphous is

Gun-Suk Yoo - Dong-11 Kim - Dong-Soo Choi - Dong Han Choi

60 wt.% at 24 GHz.
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Fig. 5 Absorption ability of EM wave absorber
(Amorphous : CPE = 50 : 50 wt.%)
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Fig. 6 Absorption ability of EM wave absorber
(Amorphous : CPE = 60 : 40 wt.%)
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Fig. 7 Absorption ability of EM wave absorber
(Amorphous : CPE = 70 : 30 wt.%)

4. Simulated and Measured results

The material constants of these samples is calculated
from the S-parameter of the samples using the ¢-2/¢
method(Hashimoto, 1997). We simulated absorption ability of
EM wave absorber using calculated material constants by
MATLAB program. Absorption abilities of EM wave
absorbers were simulated using the material constants by
changing the thickness without changing the composition
ratios. Figures 8 and 9 show the results. In Fig. 8 shows
the absorption ability more than 15 dB with thickness 2.65
at the
composition ratio of 60 wt.%, the absorption ability more
than 35 dB was obtained the and thickness was 3.95 mm,

which was the best results and, satisfies the target of this

mm at 70 wt9 composition ratio. However,

research.

Simulation results
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Fig. 8 Simulated results of samples with different

composition ratio at 2.4 GHz.
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Fig. 9 Comparison of simulated and measured result.

- 541 -



A Study on the EM Wave Absorber for Improving Electromagnetic Environment of Wireless LAN at 2.4 GHz

5. Conclusion

According to simulation, the optimized composition ratio
of Amorphous is 60 wt.26. They are shown in Fig. 9. The
fabricated EM wave absorber by obeying the simulated
results has over 35 dB absorption ability at 24 GHz.
Simulated and measured results agree well as shown in Fig.
9.

In the wireless LAN environment in office, there are so
much reflected waves which occur from by walls, ceilings,
desks, These

problems can be eliminated by adopting EM wave absorbers.

floors, and create multi-path problems.
In this paper, we investigated the EM wave absorber for
improving the wireless LAN environment using Amorphous
metal powder with CPE as binder. The material constants
The

absorption ability of the samples was also measured by the

were calculated from the measured S-—parameters.

network analyzer and the absorption abilities of the samples
were compared. The optimized composition ratio of the
absorbing material was Amorphous : CPE = 60 : 40 wt.%,
and the absorption ability of the EM wave absorber with
thickness of 3.95 mm was 35 dB at 2.4 GHz. By using the
developed absorber, it is expected to improve the wireless

LAN environments.
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