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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



I : Reflection coefficient

¥ . Propagation constant

e . Permittivity

gy - Permittivity of vacuum

Eeq - Equivalent permittivity

&., - Relative permittivity of n_th layer
A © Wave length of free space

7] : Permeability

fo - Permeability of vacuum

Heg - Equivalent permeability

W, - Relative permeability of n_th layer

o . Conductivity

w . Angular velocity



Abbreviations

ANSI :  American National Standards Institute
CISPR International Special Committee on Radio Interference
CPE : Chlorinated Polyethylene

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 Development of Broad—-Band EM Wave Absorber
for X-Band in Double-Layered Type Using Carbon

Woo Keun Park
Dept. of Radio Sciences & Engineering
Graduate School, Korea Maritime Univ.

Supervisor : Prof. Dong Il Kim, Ph. D

With the rapid advancements in electronics industry and radio
communication technology, mankind might enjoy its abundant life. On
the other hand, serious social problems such as electromagnetic
interference (EMI) and electromagnetic susceptibility (EMS) have
arisen due to the increased use of electromagnetic waves.

Therefore, countermeasure against electromagnetic waves obstacle
was embossed to important subject. International organizations such
as CISPR, FCC, ANSI, have provided the standards for the EM wave
environments and for countermeasure of the electromagnetic
compatibility (EMC).

Unnecessary electromagnetic waves leak from the circuits of
communication equipment and electronic equipment or such electro-
magnetic waves cause the equipment to malfunction. Problems
regarding EMC are more likely to occur, as smaller, lighter, and more
sophisticated electronic equipment is made and the packaging density

of electronic components increases drastically. These problems can be

Vi



eliminated through the use of EM wave absorber.

Absorption materials of EM wave absorber is well-known as soft
and hard magnetic materials. Soft ferrites, such as Mn-Zn ferrite and
Ni-Zn ferrite are useful materials for EM wave absorbers, but the
magnetic loss of them decreases quickly in the GHz range. Hard
ferrites, such as Ba ferrites and Sr ferrites show high magnetic loss
in the GHz range, so they are useful materials for EM wave
absorbers in the GHz range.

In this dissertation, the EM wave absorber using dielectric material
of carbon was proposed and investigated. The EM wave absorbers
are fabricated in different proportions of carbon and chlorinated
polyethylene (CPE), and their input impedances are measured. The
permittivity 1s calculated by the measured data, and the sheet
resistivity is measured by the four point probe system. The EM
wave absorption abilities are simulated according to different
thicknesses of the EM wave absorbers, and then multi-layer type EM
wave absorbers with broad bandwidth characteristics are simulated
and fabricated in accordance with different layer—-sequence.

As a result, the prepared carbon EM wave absorbers show
excellent absorption ability. The measured results agree well with the
simulated ones.

In addition, the two-layered EM wave absorbers consist of
materials (carbon : CPE = 60 : 40 vol.% and carbon : CPE = 70 : 30
vol.2%) showed an improvement of the broadband EM wave absorber,
and the absorption ability of EM wave absorber showed over 10 dB
in the frequency band from 7.8 GHz to 13.3 GHz with thickness of

2.5 mm.
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Table. 3.2 A material constants of EM wave absorber.
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Fig. 34 The frequency characteristic of EM wave absorber.
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Table 4.1 Composition rate of Materials for EM
Wave Absorber

Carbon(vol.%) CPE(vol.%)
30 70
40 60
50 50
60 40
70 30
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Fig. 5.23 Comparison of simulated and measured results
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