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Nomenclature

Magnetic flux density vector
Capacitance per unit length
Electric flux density vector

Thickness of n_th layer

Electric field vector

Conductance per unit length

Magnetic field vector

Current

Electric conduction current density vector
Inductance per unit length

Resistance per unit length

Voltage

Admittance

Impedance

Normalized impedance
Characteristic impedance
Normalized characteristic impedance
Input impedance of n_th layer

Attenuation constant
Phase constant

Reflection coefficient



Propagation constant
Permittivity

Permittivity of vacuum
Equivalent permittivity
Relative permittivity of n_th layer

Wave length of free space
Permeability

Permeability of vacuum
Equivalent permeability
Relative permeability of n_th layer

Conductivity

Angular velocity



Abbreviations

ANSI :  American National Standards Institute

CISPR International Special Committee on Radio Interference
EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EMS Electromagnetic Susceptibility

FCC :  Federal Communications Commission

IEC : International Electromagnetic Commission

TEM Transverse Electro Magnetic

TE : Transverse Electric

™ . Transverse Magnetic

MW . Molecular Weight



Abstract

A Study on Multi-Layer Electromagnetic Wave

Absorber using Natural Lacquer as a Binder

Dong Han Choi
Dept. of Radio Sciences & Engineering
Graduate School, Korea Maritime Univ.

Supervisor : Prof. Dong Il Kim, Ph. D

With the progress of electronics industry and radio communication
technology, human being might enjoy its abundant life. On the other
hand, serious social problems such as electromagnetic interference
(EMI), have been arisen due to the increased use of electromagnetic
(EM) waves. Therefore, International organizations such as CISPR,
FCC, ANSI, have provided the standards for the EM wave
environments and for countermeasure of the electromagnetic
compatibility (EMC).

Generally, a silicone rubber and a chlorinated polyethylene(CPE)
have been used as a binder for high-performance composite EM
wave absorbers.

In this dissertation, the EM wave absorption performance of
natural lacquer which 1s newly proposed as a binder was
investigated. MnZn ferrite EM wave absorbers mixed with natural
lacquer were prepared and their absorption ability was also

investigated.
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The EM wave absorbers are fabricated in different proportions of
MnZn, or NiZn ferrite and natural lacquer, and their reflection
coefficients are measured. The permittivity and permeability are
calculated by wusing the measured reflection coefficients. The EM
wave absorption abilities are calculated according to different
thicknesses of the EM wave absorbers, and then multi-layer type EM
wave absorbers with broad bandwidth are calculated and fabricated in
accordance with different layer-sequence. The measured results are
analyzed by comparing with the calculated ones.

As a result, the prepared MnZn ferrite EM wave absorbers which
are mixed with natural lacquer showed excellent EM wave absorption
characteristics compared with MnZn ferrite EM wave absorbers
which are mixed with the conventional binders, such as a silicone
rubber and a chlorinated polyethylene(CPE). The measured results of
the single-layered type EM wave absorbers are a function of thickness
agree well with the simulated ones.

In addition, the measured results of the two-layered EM wave absorbers
composed of MnZn Ferrite and NiZn Ferrite and fabricated with natural
lacquer binders are similar with the simulated ones. Thus, it was shown
that the multi-layered EM wave absorbers have more broadband

characteristics than the single-layered ones.
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Fig. 2.8 Multi-layered model for EM Wave Absorber.
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Table 4.1 The Composition of Oriental Natural Lacquer.
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MW (g/mole)
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120000

18

Concentration(%)

60~ 65
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Composition

Urushiol

Gummy substance

Nitrogen compounds
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Fig. 4.7 Reflection coefficient of a MnZn ferrite

absorber mixed with natural lacquer.
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Fig. 4.13 Complex permittivity
(MnZn : Natural Lacquer = 90 @ 10 wt%)
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Fig. 5.1 Calculated result(Thickness : 1 ~ 3 mm)
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40 MHz - 20 GHz 4 ~ 6 mm sample

Reflection Coefficient [dB]

02 04 06 08 1 1.2 14 16 18 2
Frequency [Hz]
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Fig. 5.2 Calculated result(Thickness : 4 ~ 6 mm)
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Fig. 5.3 Calculated result(Thickness : 1 ~ 3 mm)
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40 MHz - 20 GHz 4 ~ 6 mm sample
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Fig. 5.4 Calculated result(Thickness : 4 ~ 6 mm)
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Fig. 5.5 Calculated result(Thickness : 1 ~ 3 mm)

_82_
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a9 57¥% 19 58& FAHVF NiZn H#FolE : 2 = 70 wt% @ 30 wt%

)3, A7 1 mm ~ 6.mm7t4 AREEE WE ABolA F Aol

40 MHz - 20 GHz 1 ~ 3 mm sample

Seive, A

R | &l ... X £ . S

Reflection Coefficient [dB]

30 i i i i i i
02 04 06 038 1 1.2 14 16 18 2
Frequency [Hz] X 1010

2" 57 Algdold 23 (FA 1 ~ 3 mm)

Fig. 5.7 Calculated result(Thickness : 1 ~ 3 mm)
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Fig. 5.9 Measured result(Thickness : 1 ~ 3 mm)
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Fig. 5.10 Measured result(Thickness : 4 ~ 6 mm)
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Fig. 5.11 Measured result(Thickness : 1 ~ 3 mm)
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Fig. 5.12 Measured result(Thickness : 4 ~ 6 mm)
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Fig. 5.13 Measured result(Thickness « 1 ~ 3 mm)
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Fig. 5.15 Measured result(Thickness : 1 ~ 3 mm)
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Fig. 5.16 Measured result(Thickness : 4 ~ 6 mm)
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Fig. 5.17 Comparison of reflection coefficient by Calculated and measured values.

_89_



Reflection Coefficient [dB]

40 MHz - 20 GHz 4 ~ 6 mm sample

LEFE
CAlZdloIa Bt

a3 518 Al B oA ik

0.6 0.8 1
Frequency

N
9
)
A

1.2 14 16 18 2

[HZ]

10
X 10

Qgkel wam

Fig. 5.18 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.19 Comparison of reflection coefficient by Calculated and measured values.
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40 MHz - 20 GHz 4 ~ 6 mm sample
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Fig. 5.20 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.22 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.25 Calculated values for determination of two-layer order.
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Fig. 5.26 Calculated values of two-layer absorber(Thickness : 3 ~ & mm).
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Fig. 5.27 Measured values of two-layer absorber(Thickness: 3 ~ 8 mm)
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Fig. 5.29 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.30 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.32 Comparison of reflection coefficient by Calculated and measured values.
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Fig. 5.33 Comparison of reflection coefficient by Calculated and measured values.
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