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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 coeffiecient

Propagation constant
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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



ANSI

CISPR :

EMC

EMI

EMS

FCC

FDTD :

EMCM :

IEC

TEM

TE

™

Abbreviations

American National Standards Institute

International Special Committee on Radio Interference

Electromagnetic Compatibility

Electromagnetic Interference

Electromagnetic Susceptibility

Federal Communications Commission

Finite Difference Time Domain

Equivalent Material Constants Method

International Electromagnetic Commission

Transverse Electro Magnetic

Transverse Electric

Transverse Magnetic
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Abstract

A study on Design method for Ferrite Electromagnetic

wave absorber with Broad-Band Characteristics

June Young Son
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
communicaton technology, mankind might enjoy its abundant life.
On the other hand, serious  social problems such as
electromagnetic interference (EMI), have arisen due to the
increased use of  electromagnetic (EM) waves. Therefore,
International organizations such as CISPR, FCC, ANSI, etc., have
provided the standards for the EM wave environment and for
the countermeasure of the electromagnetic compatibility (EMC).

EM wave absorbers are used for constructing an anechoic
chamber in order to test and measure EMI and electromagnetic
susceptibility (EMS). It has been recognized that the absorption
ability of the EM wave absorber has more than 20 dB, and the
absorption frequency band is required through 30 Mz to 1,000 M
for satsfying the international standards about an anechoic
chamber for EMI/EMS measurement.

From November of 1998, however, the CISPR has acccepted
the extended frequency band from 1 Gz to 18 Gz additionally in
the bandwidth of EMI measurement.

In this dissertation, an EM wave absorber with super
wide-band frequency characteristics was proposed in order to
satisfy the above requirements and designed using the EMCM.

Furthermore, a new simulation and analysis methods were

- Vil -



adopted by the FDTD method. The bandwith of the proposed
EM wave absorber was confirmed by simulation and
experiments, which has the bandwidth from 30 Mz to above 6 (lz.
In the experiments, tapered rectangular coaxial line was used.

In addition, to improve absorption ability of Ferrite EM wave
absorber, the ferrite EM wave absorber on which pyramidal EM
wave absorber is attached.

As a result, the frequency band from 30 M to 18 Gz obtained under

the tolerance limits of more than 20 dB absorption.
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Fig. 3.7 Side view and floor plan of the EM wave absorber.
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Table 3.1 The dimensions of the proposed EM wave absorber.

hl h2 h3 h4 h5 rl r2 r3 a

Size(mm)| 68 | 1.8 | 165 | 079 | 25 | 18.05| 1038 | 7.2 20
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Fig. 3.8 Side view in analysis domain.
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Fig. 3.9 Equivalent capacitance model of cylinder part.
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Fig. 3.10 Equivalent inductance model of cylinder part.
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Fig. 3.14 Absorption ability at 5°incident angle.
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Fig. 3.15 Absorption ability at 10°incident angle.
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Fig. 3.16 Absorption ability at 15°incident angle.
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Fig. 3.17 Absorption ability at 30°incident angle.
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Fig. 3.18 Absorption ability at 45°incident angle.
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Fig. 3.19 Absorption ability at 60°incident angle.
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Fig. 3.20 Fabricated EM wave absorber.
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H'=5-5-7 (4.42)

o] Hof, Akl o3 AAZS Fote Ao AT £ du

4.1.7 dArake] 2A

(1) Gaussian Pulse

FDTD W& ol &3 siayelA, = a4 Edo] Uy dAF =
Fu5 EAS |4 e = 7 $-ol= Gaussian PulseZ o] 38t Zo] E4h
a9 44= A 1009 ol A H A g Gaussian Pulse”} o7 o]
s EFoltt

(2) Gaussian Derivative Pulse
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< dAE 4ol oA AF il A FDTD A
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Pulse 4! Gaussian Derivative PulseS Al-&3t}[29]. o] 2~ DC A
O Fa7)9 duAE 7HAA &7 Wzolt. FAY AAE 30 M
o]/Fe] d oA HAAHER B =FdAT o] HAE YAIFE AL
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Fig. 4.5 Gaussian derivative pulse
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) The Permeability for Ferrite
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Fig. 4.9 Equivalent capacitance model.
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Fig. 4.10 Equivalent inductance model.

_94_



a—x

a

L_L1'L2_07'QIZ‘UQ‘U
7 r+(a—2n - 1,

L+ 72,

L -,
“  r+(a—xn -1,
A,
A7 w,=14un, o3, n,=——"—°|th
1+/w77
thA] A 2l sk,
L A 0,4 d- o
@ a-0,+a-+(a—A, -0,
. A0, % d Ko,
a0, f+a- O+ (a—nNA,-0, O+ 0
o] Ht}.

2 (4475 (4.32c)°] tHdstd, thgo] B

A0, 4 dl -
B®) = a-wr—f—a-/m—k(a—x)/(y-wr.H(w)+
-0+ d- A, -0
+ a -0, +a- o+ (a—DA, -0, o+ L )
o) = a0, +ta-o+@—nAh, -0

a-o,+4d- 0

A, -0,
- (Dr‘f’/m -M(D)

WA

oot

b owAl g

oot

o
g
o
)

oft
=
1%

_95_

- Kw)

(4.47)

(4.48)

s 77 qoy o feyd BEsel Ag



o) = a-o,+ta-O+@—nNA, -0
-0 +d- W R~ C)

/ (4.49

. A49)

S )

7o) =
(4.50)

Al =
A (4495 1A AAeE) BAt

S(0) - (A0, + d - S
, ")=(a- -0, +a- S
,fa-M+(a—n- A0,
7 ;,-B((D)

A0, S©) +d- - o)

=a-0,H0)+a- - BZo)+(a—nA, -0, Ko)

oJAE T AL
S A ZAP SR A

ofr

b,

7F o
oAl el tisl A el ekd

= -2 A0, ¢!
<At o + — A -0
2 t (3 s L (2 ,2’) . . )
7 7. . —1

LA g A e
al afb_ﬂz

2 AelaA )
gow 2 (4500 A g

i K-(D
7y = - )

0, Z(O)+ - 7(©) = &, 0, [0)

_96_



7F o
oA 7ot A2l shd,

7"=2-0Mt- K, 0, =2 Ao, 74 7770

g Ao

oAl deld s 77& A (448) oYt

H'=5"—-7

oz Aosm, 449 gE TE & dn.

_97_

o
ic)
ol
=)

(4.52)

(4.53)



W
i)
2
>
-
%
™
1>
o o
)
ofo
ofr
o
£
A
2L
-4
N
Ll
N
N
™
L
=)
ol
N

f

CE

>
S
=~
b
o =2
43

e oo rf o 2

I B
o)
2

X0,
)

ol

)

2
n N

et

>

X2,

o

I
>~
—
—
fo 4
:OL_lz
1

2

flo

:oé
o g oo I

o

il

ol

D

Q)

o

wn

wn

2.

=

)

e

5

2

=

@]

-

=

w0

(@)

il

>

ofo

o
DA =T )7
Rl ot

2
o -
bt

e
K Lo

i
to
N
i,

Fogel HUA F oAl ANAL F ERAE WA
WALE e} FEAelA EAE o) e s AR

FFTE &8 T3+ 922 vad

B fo A df

b
)
=
X
I
_|>:4
rkﬂ
e
i
A=)
it

_O‘L
£

&
B
2=
>,
)
&
B
o
-

ol
£
ol
&
olr
tlo Mo
%
o
=
2
4

PML layer

<«+— Metal plane

> Equivalented
Hemisphere type
EM wave absorber

EM wave propagate

28.3 mm
1% 4.11 Hemisphere E}§} #etolE HagA A4S fg &4 o9

Fig. 4.11 Problem space model for absoption ability simulation of

Ferrite Hemisphere type EM wave absorber.

_98_



¥ 4.3 Hemisphere E}] #Hgo]E &5

Al webul g
Table. 4.3 Parameters of the Hemisphere type EM wave absorber
7 e, A, Y
28.3 mn 14 2500 2.5 M

kd

o

%
ol

-

Lo

>~

T

ol

-

A

M

o 2
o~

FDTD 3l 4]

3% 4.4 FDTD Al & # ]

Ao 2 3 Hemisphere EFY] # 3}

LI EX]

o] A

& 2
C]

4 A9 e
Table. 4.4 Parameters for FDTD simulation

SAe) ghebnE e
4 serE 2

% 433
Y Aol

_99_

Cell & Cell 27] a2~ El 2H 3l

6000 0.1 mn 0.1 mn/(2+C) 8000

* 37|14 Ce #¥&5S JEELH

4125 YA 7F AIslo] datF Aol A v B E Uo7
= TN&—% el "ol
7F $+ds] F4AE Wy YAulel wixalE dHy 2H o
2t FFTE 338, A9 F5s 730,
132 5555



E field time = 3295

15

: : : : : %4
_15 I} 1 I L I
1000 2000 3000 4000 5000 6000
FDTD cells
Absorber Metal Plate
point(5717~5999) point(6000)
(a) A1+ =81 32958] A4k o] AA
E field time = 4297
1.5 : : g

: : : : : 5.4
.15 1 i i i i
1000 2000 3000 4000 5000 6000
FDTD cells
Absorber Metal Plate
point(5717~5999) point(6000)

(b) A+ 28] 42973] A4k $-o A A

- 100 -



15

-1.5

(c) A7t 251 80003] A4 ¥, WARSLZE A4S ERAES Wofut

E field time = 8000

................................................................................

: : : : v
1000 2000 3000 4000 5000 6000
FDTD cells
Absorber Metal Plate
point(5717~5999) point(6000)

a9 412 FFA6 FRA = Hao] A EHolA
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Fig. 4.13 The frequency characteristics of the simulated wave absorber.
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Fig. 5.1 Measurement of standing wave ratio.
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Fig. 5.3 Block diagram of measurement system and 509 ddapter.
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Fig. 55 Completed drawings of fabricated coaxial inner of rectangular
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Fig. 5.6 Completed drawings of fabricated coaxial inner of rectangular

coaxial type measuring system.
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Fig. 5.7 Completed drawings of fabricated coaxial line of rectangular

coaxial type measuring system.
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Fig. 5.8 Experimental set—up.
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Fig. 59 Measured result.
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