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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



Y . Propagation constant

e . Permittivity

€ - Equivalent permittivity

gy - Permittivity of vacuum

e, - Relative permittivity of n_th layer
A : Wave length of free space

7 : Permeability

Heg - Equivalent permeability

Lo ° Permeability of vacuum

Wy, - Relative permeability of n_th layer

o . Conductivity

w : Angular velocity
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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 i Transverse Electric

TM : Transverse Magnetic

MW : Molecular Weight



ABSTRACT

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

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

Unwanted electromagnetic waves leakage from the circuits of
communication equipment and electronic equipment can cause a
malfunction of the other equipments. Problems regarding EMC are
more likely to occur, as smaller, lighter, and more sophisticated
electronic equipment, and thus the packaging density of electronic
components must be increased drastically. These problems can be
eliminated by using EM wave absorbers.

Soft and hard ferrites are well-known as absorption materials for
EM wave absorbers. Soft ferrites, such as MnZn ferrite and NiZn
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 high

frequency range.
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In this thesis, the improvement of EM wave absorption
characteristics of the EM wave absorber with mixture of Sendust,
and Carbon, AI(OH); was studied and analyzed in the case of a
mixture rate of sendust to 75 wt%, 80 wt%, and 85 wt%, and a
mixture rate of carbon to 40 wt%, 45 wt%, and 50 wt%. The
permittivity and permeability is calculated by the measured data, and
the EM wave absorption abilities are simulated according to different
thicknesses of the EM wave absorbers. Then double-layer type EM
wave absorbers for improved absorption characteristics are simulated
and fabricated in accordance with different layer-sequences.

As a result, in the case of Sendust the absorption ability of EM
wave absorber was obtained over 7.9 dB at 2.6 GHz, and in the case
of Carbon the absorption ability of EM wave absorber was obtained
over 40 dB at 10.2 GHz. In addition, the double-layered EM wave
absorber consists of sendust : Al(OH)3 : CPE=85 : 5 : 10wt% and
Sendust : AI(OH); : CPE=75 : 5 : 20 wt% showed an improvement of
the EM wave absorption characteristics of over 10 dB at 24 GHz
with the thickness of 1.5 mm
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o] Hu], Ed A2 SHYVYA:

_21_



g | % _ [ BEjel _ (wu”+jwu') :\/u’—ju” i
¢ Y, G+ijwC V (v +jwe) g —je’ e

\/> ,/ Holty (2.35)
8 8

1= prp, = (= i) = p, (2.37)

K

P
AT

rr

o

Zy= 4|2 =120r = 3770 (2.38)
80

2 (2.35)5 4] (2.38)2 A f 8 (normalized)A] 71 H

Ao wE A A § k(e spac)dlAe] FEY T 20 A
3 o] maAR

z, =\ — (2.39)

2 2RAZ Yehl2 @tk =% 1333 Qoo mdeld dAdAsE
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4 (2569 BAE BEE ARy, &, D7 DoW ARFRAE e
U} =R d< Ao 2SN A (256)F wEAAC i Aotk d< Ag]
A A @564 wel ARA lwle leplz 2 A

=
(1) A3

w< 19 A% tanhw=wzZ L F gon 24 2552 tp&y o] WY
fois :": o}]\

AL 27
AN, p=p = jp” BE o,

d (2.58)

af ok A d=

d= (2.59)
2mp,
7} €,
Aetol e poo) Fos 5L FHFRE LT B FRFYAE
71 AT 2A0E 2AH o wFE ool o] S FA dol AR FA

_28_



Ao RN AAE ZAW AAE 6l okely] wEolth waA WA
545 o 50 E JEUA gt Aol v6]
2) 94

w< o] WEHA = A5 dKARE Jo ol 2 ASolE wEA

MT/_jMT .2 / ’ . 7
1= ——"— tanh j—g ve! (u' —ju”) fd (2.60)

el 2Aow Fold AR/ ojE FAEAA o TAY wol At
FAR et Fedc dgeEY e THERS fun e Fas
Mol AL wate] ol Ame, Fahol 9@ 5”9 Wik AL flE F4

A 2ol d/Xg AAANA st WER AT b vk E, sgelE

AREEAE 54 FA AGEA 4,04 5AF%5 @FFAE f,)9 2

shypo] FulbAb 2AE REBT olo] wa) FAY £UL AL HAAY A
Soli, Bl 2A0 A4 AR T deb Ashel W Aol u] wro] A4
9= otk wepd 2% A dstel dald Ame] A dE WBAAY
SuAL 2AL BEAL 5 AT FAT Aol e} go] po] Fakg] wa
2 wass A4S ARFRSst RE 227 fA67) A

_29_



262 128 AnEFA

a4 272 AuFaAe] A AeE dape] kel wel A5 Wt
2EH Ag A A

o
ol Aol FA3 dFAFE~ Z = theo] wEwAgA o Jed 5 9]
X L) (2.61)

o714, A1 JAbste]

e, s wol ol Aol MY Bagds

5= (2.62)

_30_



(2.63)

o)A Z,

1Sl

stol 4 (261)E

z—1
<
[e)

z+1
Riccatie] H]%

[e]

el A (263)S A0

Hu 4 (2.61)

fie)

mpy

—_
o

N

—_
o

p

oF
ﬁO

—_—

93k o714 1§)]< 0.19

oo

0

sl
n,wd

)
K

il
2
H
<
ue!
B

—_—

0
N

(2.64)

(2.64)¢F # o]

Al
2

o

R

)—0.9}

ol e o #
1_],[3.9(1—1'

0.35# &= o]y
g, A ol B, 9

14

87’ _']87' 3

Z|
STI

(o)

Aol HazE 1/X

=
T

Eis

i

Th

o
mmd
L
T

o
o

°]

At

Far

°©

A7

TEE

al|

—_—
fie)

el
ToR

A
B 7t 2o Folsh Awd el e

A2 e

0

27 3

44

puzel

e

ofF
iy

A

A

o} 5

il

)
=

AN g

=3
=

30 ~ 1,000 MHz A %9 Fu5

AE=2 T4

N
oo

<V

)

tedan sbd daFgAe) FA7E s FASAA = o

]

Al
=

=
-

w A} 2 A

ﬁE],
0602 ¥ 100 MHzAH =

1.1%

o] &

A

&8

-
R

A

.Eu

stk

d

X
!

o

1.8 my # o},

-

7<=

=
-

std 30 ~ 1,000 MHz

[¢]
_31_

¢}

o]&

=

o5 524 9

s

A,

S

ol

g4 Aol
a8y AAFAEQ] HeEelE

o FwprdelA A 4e

55 9)



Metal Plate

a9 2.7 FAH AaEFA

Fig. 2.7 Wide-band electromagnetic wave absorber
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Fig. 2.14 Sample Holder with sample length 2¢
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Table 3. 1 Manufacturing condition of EM wave absorbers.

A7

Sendust (wt%) CPE (wt%) (mm)
75 25 !
30 20 1
35 15 1
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F 32 daEFaA Az =24

Table 3.2 Manufacturing condition of EM wave absorbers.

Carbon (wt%) CPE (wt%) }\I(rij:ﬂ
40 60 2
15 55 2
0 50 2

a9 38 oA x=AH] Carbon : CPE=40 : 60 wt%+ A3 104 GHzol
A -14 dBe] WHAMAIE vERUIE, 2294 Carbon : CPE=45 : 55 wt%& 9
GHzoll A -16.5 dB, Carbon : CPE=50 : 50 wt%+ 82 GHzolA -12 dB9] b
AHAlTE BRI

Reflcetion Coefficient [dB]

—=— Carbon : CPE=40: 60 wt%
----o--- Carbon : CPE=45: 55 wt%
- & Carbon : CPE=50 : 50 wt%

-30 I i I i I i I I I ! I I !
2 4 6 8 10 12 14 16 18

Frequency [GHz]

138 3.8 Carbon ZAno] WE A9E4s
Fig. 3.8 Reflection Coefficient of Carbon with various

composition rate
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Fig. 3.11 Reflection Coefficient for sandust of 1 mm with various
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Fig. 3.17 Thickness and sequence of the double-layer
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