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Nomenclatures

Magnetic Flux Density Vector
Capacitance

Electric Flux Density Vector
Thickness of n-th Layer
Electric Field Vector
Conductance

Magnetic Field Vector

Current

Current in the Air Region(Input)

Current in Sample

Electric Conduction Current Density Vector

Inductance
Resistance

Voltage

Voltage in the Air Region(Input)
Voltage in Sample

Admittance

Impedance

Characteristic Impedance

Input Impedance of nth Layer
Attenuation Constant

Phase Constant

Propagation Constant



Permittivity

Equivalent Permittivity
Permittivity of Vacuum

Relative Permittivity of nth Layer
Wavelength

Permeability

Equivalent Permeability

Initial Permeability

Permeability of Vacuum

Relative Permeability of nth Layer
Conductivity

Angular velocity

_iv_



ABSTRACT

Development of Multi—layer Electromagnetic Wave
Absorbers Using Sendust

The remarkable advance of modern electronics and communication
technology has made high frequency conversion, miniaturization,
digitalization. However, EM (Electromagnetic) wave environments have
become more complicate and difficult to control. Therefore, international
organizations such as the ANSI (American National Standards Institute),
FCC (Federal Communications Commission), and CISPR (the Committee
International Special des Perturbations Radioelectrique), etc. have provided
international or local standards for the EM wave environments and for the
EMC (Electromagnetic Compatibility).

EM wave absorbers are used to protect electronic devices, such as
personal communications and wireless LAN systems from unwanted EM
wave radiations. In order to develop a more advanced EM wave absorbers,
it is important to develop new materials for EM wave absorbers instead of
soft and hard magnetic materials, such as Mn-Zn, Ni-Zn, Ba, and Sr
ferrites which have been used conventionally.

In this thesis, the experiments for two Kkinds of materials. First,
Multi-layer EM wave absorbers were studied using Sendust. As a result,
the bandwidth of the Multi-layer EM wave absorbers with the thickness of
4 mm using Sendust was obtained more than 10 dB in S-Band. Secondly,
the mixing effects of Sendust and AI(OH); on Multi-layer EM wave
absorbers were studied, where it was confirmed that the bandwidth of the
multi-layer EM wave absorbers inter-mixing Al(OH), with the thickness of
3 mm has broadened compared with non-mixed Multi-layer Sendust EM

wave absorbers in S-Band.
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a9 210 MZe] Ao]7}F (9] Flash Holder

Fig. 2.10 Flash Holder with sample length £.
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a3 211 A= dol7b 2¢ ¢ Flash Holder

Fig. 2.11 Flash Holder with sample length 2¢.
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3t Network Analyzer? Port?} Sample Holder:s o] §lo] Ay o =z
21 (2.70)3 (2.71)2

Z) = Ztanh(yl) (2.70)
Z(20) = Ztanh(y20) (2.71)
o 2ol & 4 olth A 703 A 7D stolnEY WAL FAL Agau,
2tcmh(’y€)
tanh (v2¢ = @ — (2.72)
anh(y2¢) 1+tanh?(y0)
o] a1, 2 (272)5 WHstH
2tanh ()
Z(2¢ = TS tENEL (2.73)
0) 1+tanh2(’y€)
tanh(r¢) = Q—ZEZ_(—%%;) (2.74)
o] "ty A QT4HERFE v, Z, & E==otH
1y 2200 — Z(20)
Noo= 7 tanh 700 (2.75)
: Z(20)
Z = ZU)\—— 2.76
‘ ()\/22(5)—2(25) (2:76)
o Hrt}. A (2759 A (276)S WYsA =W
1 [22(0)—Z(20)
—tanh 'y /L L
¢ .1 Z20) (2.77)

G Ty Yi0)
2O\ 70 2020
— 3 —
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_Cc1, ., [z Z00)
p/,y— _72—7_‘_‘)(, Ttanh ! W (2.78)
1, [2200)— Z(20)
-Ttanh ! Z00)

o] -8kl X131,
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Mil “ng (Open Roller Temperature 70°C)

Y

Preparation of Sheet Type Sendust
Absorbers

Y

Measurements
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Fig. 3.1 Manufacturing Process of EM wave absorbers using Sendust.
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(b) AAI{~E : CPE = 75 : 25 wt%
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(c) AlIf2~E : CPE = 80 : 20 wt%

a9 32 A9 2EL wgEY WE FusE T2 e WA
Fig. 3.2 Reflection coefficient as a function of frequency for samples with

various Sendust ratio.
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800 MHz - 18 GHz Permittibity 2-4 mm sample
L L

Permittibity

% 33 CPES 288 AGH2E AIAFFAe Fa45 52 3=
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Fig. 3.3 (a)Permeability and (b)Permittivity as a function of frequency

for samples mixed with
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Fig. 3.4 Picture of SEM(Scanning Electron Microscopy)
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Absorbers
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Lamination
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Measurements
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Fig. 3.5 Manufacturing Process of Multi-layer EM wave absorbers using
Sendust.
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Fig. 36 EM wave absorbtion
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29 37 959 ANEAS A5Y AERA

Fig. 3.7 Single layer and Multi-layer EM wave absorbers

F 31 AapgFaA 24

Table 3.1 Composition ratio of EM wave absorber

mendast CPE = [ ]
Th eh 4
Tl 30 4
Th 2h z
il 30 Z

3E 3210 dB B9+
Table 3.2 10 dB Bandwidth

10 & HYZF[GHz] | FM [mm]
A 0.8~1.000.2) 4
B 0.8~1.000.2) 4
C 1.5~4.1(2.6) 4
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Fig. 3.8 Manufacturing Process of Multi-layer EM wave absorbers adding
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E 33 AsEEA 240

Table 3.3 Composition ratio of EM wave absorber

Sendust | AICHE | CPE | S [mum)
1 a0 0 20 1
2 75 0 25 1
3 70 0 an 1
4 B4 16 20 1
5 E0 15 25 1
3 56 14 an 1

¥ 3410 dB 9=
Table 3.4 10 dB Bandwidth

104B bandwidth [GHz] =M [rrm]
& 1.1~2.9(1.8) 3
B 1.0~1.9(0.9) 3
c 2.1~4.3(2.2) 3
D 1.9~3.001.2) 3
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A 9 GHzoﬂf\ﬂ 3 GHZW}Zl % 1.2 GHzE
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