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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
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Attenuation Constant

Phase Constant

Reflection Coefficient

Propagation Constant
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Permittivity of Vacuum
Equivalent Permittivity

Relative Permittivity of nth Layer

Wave Length of Free Space
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Permeability of Vacuum
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Conductivity

Angular velocity
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American National Standards Institute
International Special Committee on Radio Interference
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Electromagnetic Interference
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Federal Communications Commission
Finite-Difference Time-Domain Method
Finite Element Method

Finite-Volume Time-Domain Method
Giga Hertz Transverse Electromagnetic
International Electromagnetic Commission
Industrial, Scientific, and Medical
Method of Moment

Personal Digital Cellular

Personal Handy Phone System
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Transverse Magnetic
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ABSTRACT

A Study on The Design of Ferrite Electromagnetic Wave Absorber
with Wide band Characteristics for the Use of Anechoic Chamber.

Young Su Weon
Dept. of Elec. and Comm. Engineering
Graduate School, Korea Maritime Univ.

Supervisor : Prof. Dong Il Kim, Ph. D

Recently, the use of equipments related to information communication has
increased drastically. Since unnecessary electromagnetic waves are radiated
from electronic equipments and systems, it i1s reported that the mall
function of the equipments and some fatal damage to human life occur.

For the countermeasure to the above, several regulations for the
electromagnetic wave interference, have been enacted internationally by
CISPR, FCC, ANS], etc.

In the domestic case, the regulations related to the Electromagnetic
Interference (EMI) and the Electromagnetic Susceptibility (EMS) have been
established and enacted. For measurement of such EMI and EMS, an
equivalent, free space from electromagnetic waves are required. As the
means of the equivalent space, an anechoic chamber is widely used.

The Frequency range for EMI test was from 30 MHz to 1 GHz. However
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it was broadband from 1GHz to 18 GHz additionally by CISPR 11 on
November, 1998.

To construct in anechoic chamber for the above purpose, it is needed that
the electromagnetic wave absorber has the capability to absorb the EM
wave more than 20 dB over the frequency band.

The ferrite tile in a single layer type has been used, the frequency band
of which is about 30 MHz ~ 400 MHz, with more than 20 dB of absorption
capability. In the case of a grid type absorber developed by Y. Naito, the
frequency range to satisfy the above absorption characteristics i1s
approximately from 30 MHz ~ 870 MHz. Thus it was not sufficient to
satisfy the above condition.

Accordingly, in this dissertation, in order to satisfy the above demand,
the electromagnetic wave absorbers with wide band characteristics was
proposed by controlling shape and dimension. The proposed electromagnetic
wave absorber in cutting cone-shaped one 1s of less than 5cm In
thickness. The bandwidth of the proposed absorber is from 30 MHz to 6
GHz, which was designed by the EMCM and confirmed by simulation and
experiments.

As a measuring method of the absorption characteristics of the ferrite
electromagnetic wave absorber, tapered rectangular coaxial line, was
fabricated and used, which has 50 Q@ adapter with 13/8 in diameter.

In addition, the characteristics of the anechoic chamber by the proposed
cross—shaped absorber were evaluated be the image method. They were

compared with those of the OATS.
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Fig. 2.4 The Frequency Characteristics of Electromagnetic
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Fig. 3.7 A Synthesized Capacitance Model.
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E 31 AARE7IE JA9E55A AA 25
Table. 3.1 Design Results of Electromagnetic Wave Absorbers with
Cross—Shaped Ferrite.

Absorber Dimension(mm) | Band width with
Measured material
CASE the tolerance
constant parameters
t ts a b d limits of -20dB
g = 14.0
1 K = 2,000 6.4 |10.0|148|15.2| 20 40-3,970 MHz
fn = 3.1 MHz
& = 14.0
2 K = 2,500 6.4 |10.0|148|15.2| 20 30-3,990 MHz
fn = 2.5 MHz
& = 14.0
3 K = 3,000 6.4 |10.0]14.8|152| 20 20-3,950 MHz
fn = 2.1 MHz
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Fig. 3.9. Reflectivity Frequency Characteristics of Single Layer
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Fig. 3.10 Reflectivity Frequency Characteristics of the Case—2

Electromagnetic Wave Absorber in Table 1.
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Fig. 3.11 Normalized Input Impedance of the Case-2
Electromagnetic Wave Absorber in Tablel.
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Fig. 3.12 Reflectivity Frequency Characteristics of the absorbers in
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Fig. 3.13 Reflectivity Frequency Characteristics of the Case-2
Electromagnetic Wave Absorber in Table 1 (TE Mode).
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Table. 4.1 Differences of Site Attenuations between Those of Open
Test Area Site and Anechoic Chamber for Horizontal

Polarization.
F3%< [MHz]| & Alo]E [dB] | @3 ¢4 [dB] # 4 %A [dB]

30 6.16 4.04 2.13
40 7.22 5.02 2.21
50 8.32 6.90 1.42
60 9.44 9.11 0.34
70 10.52 10.57 0.04
80 10.54 11.72 0.17
90 12.49 12.94 0.45
100 13.36 11.06 0.7
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Table. 4.2 Differences of Site Attenuations between Those of Open
Test Area Site and Anechoic Chamber for Vertical Polarization.

FhE | °oE AE | A%FA e B
[MHZz] [dB] [dB]

30 7.46 4.85 2.61

40 9.23 6.88 2.35

50 10.59 8.80 1.89

60 11.77 10.42 1.35

70 12.87 12.05 0.82

80 13.92 13.63 1.28

90 11.91 15.21 0.30

100 15.84 16.75 0.91
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Fig. 5.1 Measurement of Standing Wave Ratio.
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Table. 5.1. Transfiguring impedance according the diameter.

el =Ale] 47 ] I e5= 45 THEY) 5=
(D/d) Ay Q] dud 2 [9]
2.0 41.A 4568
2.1 44.47 4861
2.2 4725 51.39
2.3 49.92 4.06
24 o247 56.61
25 0492 59.06
2.6 51.27 61.41
2.7 99.53 63.67
2.8 61.70 60.34
29 63.81 67.9%
3.0 65.34 69.98
31 67.81 71.9%
3.2 69.71 73.85
3.3 71,55 7569
D D
(a) 8 SEB Z2 (b) 78 S=2 Z2
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Fig. 5.4 Reflection by differential diameter of the conductor.

- 152 -



a9 550 FREUY) s5S o] &3 dFADY FgolE AT AH FF
T SAANEHY] S B

(A)Fe UMEHA obdetelA s} M= 55 AvE FEoz 34 1Y
B 27S 13/820A 2 3Fth o] A2 Network Analyzere] 27 3= 24 th
2u® AAtes SAA L] g AdE = Uil Holy drw 7hasto]
&sHA 50Q0] HEE Sttt

B)9 2 138U 5537 TP e FHS AAsHA FA U4

@)
o2
rlo
o
ofl
offt
4
Sv
il
o
W
=y
ofh
-~
gl
S
>,
HU
f
r
b3
rot
rir
e
Shia
o
it

Hes AAId2E FAS7] fete] AR EAe vz TR eR A
CAE 27 BES 95domsty HAHoR FHUEK) S
LR Holy FER)esAEE WREAS o4 e F=Ae] Wl v
7F3:1 9 2o stk olFEA T o= AFE dFHGE HolE A
BEFA Y] A717F bR A2 100mme] AR Eolnge A7 H] 3 1o Wik
Al 100mm>100mm, <]+ E=4]= 300mm*300mm= A
olef HztolE HuFAE AYE WA= SME Fi A= Aol 7HelA
7] ol
(D)% 92 Rectangular Type =532 54 42 AgFGTA 7} Fol= Fi
o= FA3 et ATFTA e} o|He] wE FHEw JF &40l =S
Frange Type& = &}SlaL, A2 & FAeq s2to|E dupFA9 54 S 1

B A

- 153 -



£3t] 9l = (time domain) G HolA (D)F 9] AHFFA FAE 11
ato] Ale]EE 150mmellA At SAeta WF Z2aE o] § e ¥
&2 dto] HelHE @7|= gk
D)FFelA Aatga FAE el VE]A ofdete] A o] Alo|E 24
D)dds Ag 718t Gl AL FEoA dojupr] & axf
BS 2R AL = dS Aoz AREL (O)F Y BALE P A
X

5000] FAH =S A%E Ao olgEe] VSWRE 11o]stolt)
a9 58 E YREAES B Ao EY FHEARL Agee] 73
(i) Helith. AERY TRETYAlE QEA Agate] THAA

TR FE2 WL H G 3 0 10] H== stk
19 58(h)= AAEFTAY F4s SAS fdte] dFddd dgelE Ay
TA L] FAE Eas ®olal gtk
19 59914 8 SAAL

WA AN 3 1 1otk 9 5108 AA AN AEE e gow Wi
>

o &S G456 A 2A AT wEbA A ztE SHA~E| S ALE-5Ee
&371e] £24% 118 Time DomainolA EAL =43la thA] Fourier

Transformdte] Y3t dto]E & A7|&E 3o}

- 154 -



Toward

Toward Network Electromagnetic
Analyzer Wave Absorber.

I
| | |
o i
AOBGIN ©) o
(4) 50Q ADAPTER (C) Tapred Rectangular (D) Metal Plate
(B) 13/8" ADAPTER Type Coaxial Line
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Fig. 5.5 Block Diagram of Measurement System and 509
Adapter.
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Fig. 5.6 Drawings of Fabricated Coaxial Inner of Measuring

System and Electromagnetic Wave Absorbers.
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Fig. 5.7 Design of 13/8” Adapter. [(B) Region]
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Fig. 5.8 Design of Inner Coaxial Line. [(C) Region]
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Fig. 5.9 Design of Out Coaxial Line. [(C),(D) Region]
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Fig. 5.10. Completed Drawings of Fabricated Coaxial Line of

Rectangular Type Measuring System.
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Fig. 5.12 Time Domain Measurement at None (Gate.
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Fig. 5.13 Time Domain measurement of Cutting

cone-shaped wave absorbers.
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Fig. 5.14 Reflectivity Characteristics of Cutting
cone-shaped wave absorbers by Fourier Transform.
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Fig. 5.15 Impedance Characteristics of Cutting

cone—shaped wave absorbers.
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