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Abstract

The suppression of electromagnetic (EM) wave noise Is
required for the efficient operation of communication System.
In order to suppress EM wave radiation, generally,
electromagnetic absorber such as ferrite core or ferrite bead
1s employed, and the ferrite material has a frequency
dispersion characteristic. FDTD 1is an efficient method to
perform the EM wave analysis for the ferrite material. Up to
date, however, EM wave analysis for the wire coated with the
territe core by FDTD method reflecting the frequency
dispersion characteristics of the permeability has not been
reported .

In this thesis, in order to confirm the suppression of the
EM wave noise by ferrite core, the EM wave analysis was
pertformed for the wire surrounded with ferrite core by using
the frequency—-dependent FFDTD method, where the frequency
dispersion characteristics of the permeability of the ferrite
were  considered.  Concretely,  firstly, we theoretically
evaluated the reflection coefficient for the plane wave
perpendicularly incident on the ferrite material, and confirmed
the validity of the frequency-dependent FDTD method by
comparing the reflection coefficient calculated by the
frequency—dependent  FDTD  method  with  theoretically
evaluated one. In addition, near-field EM dispersion and the
load impedance were Investigated for the wire Jloop
surrounded with ferrite core. As a results, it was found that
the results calculated by the frequency—-dependent FDTD
method showed a good agreement with those theoretically
evaluated, which reveals the validity of the

frequency-dependent FDTD.



&r‘N§§:c

X

Nomenclature

Frequency

Relaxation Frequency
Conductance

Charge density

Complex Relative Permeability
Relative Permeability of Infinite
Initial Relative Permeability
Relative Permeability in DC
Inductance per unit length
Finite Line of length

Mutual Inductance

Resistance per unit length
resonance frequency of
resonance frequency of spin

Reflection coefficient



Impedance

Phase Constant
Propagation Constant
Permittivity

Permittivity of Vacuum
Wavelength
Permeability

Initial Permeability
Permeability of Vacuum
Conductivity

Magnetic Flux
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Fig. 3.2 Circuit model with a ferrite core and its calculation

domain.
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Fig. 3.3 Ferrite core has been inserted in the power line break
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Fig. 42 1 dimension analysis model to obtain the reflection
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Reflection coefficient
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Load impedance by a ferrite core(1=12,20,28,50 mm)
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Load impedance by a ferrite core(I=28 mm)

‘o
R | el A R i =l i e =
[ =~ Ay Ay . o [ |
ILLiZii- SN T R T AR A 1]
[FEN WL[EHTTL\\EEP#FL\T = =
S5 S
O O7 -
= .=
o o] |
i
C
Lo
T BT
=2
" o 23
o
nn O3 |
IR T ol4e
e = o o1 o
e o1
ODLOoS S 514
[JR A 7 i
@2 oz
7] % T
i o0
SN o < xr x|
Lo
IDrTOZI T oot
I N I [ B
EELL\#\M,II%TT I TR Iy N O R
ey L[S0 ST Uy Y R
A == I S S
Rt
o
—+ —c
8
| Q
\\\\\ &/
R
o &
L
L 1
~
o
—

apniubep aouepaduw|

Frequency [Hz]

7he] =l o %

=
o

1% 4.6 FDTD¢}

Fig 4.6 Load impedance of FDTD and Equivalent circuit

_36_



42 kol so] =upe] YAAAA o4 A

M2 mdo] A7]9 FDTD A F3ke] 2715 ®2(b)A ¢ wix] 3}
Ark. AR2E p=50 ~ 250 cez @ HAN AT (1 celt=1 mm) -
A, detolE ol s Aol y=52 o Fi, IHAAACd A=
HetolE 3ol Holo] JFgo] ulgte] HESACE HEolE 94
A2 WFOR 5, utE 99 AR Fo v SHHAAY A
=2 ek BXx 5 FEtsith dgolEE e A 42 A fol dis)
Mo Aarste] AAA A ZHE vasAY. T &Y
FDTDWH# ZA X9 AA E¥xE 2z 29 4.7 vebiich

a9 479 #SF5L NaYSolt. oo, AA AT AstE
Gaussian Pulseo] tfgh Hdjgtolth, I8 47(a)d A= el E =
o] Ao/t A= A= FEY WA fHAxdo. mpRsAE a9

M= dElolE Fo] Aozt AFE AR gady. 17 44
o YedAHd R dads | g7 F52 AAA JA ant
Arha A zhE

N

a7

_37_



@ 0 0 0 0 ©
O N DO OO

A [dBuV/m

NN NN
NSO ®

~
o

120 145 170
72l [mm]

53 FDTD

4,

100

95

90

85

A [dBuV/m

80

a7 47 SHAARA X
Fig. 4.7 Electromagnetic near—field distribution.

_38_



A5% A4 =

o

Mol e st ool T AA FLo oA mAE
AES7] Yato], 1 Mz ~ 1 e FaF oA, FletolE Fo
E4L% el Fag 9EY FDTDWE o] &350
A
o

el 22 A sy

4

YA e WAAFE T

BH7t FHow HEolE wjHd 4
z S Yy =3 Az

glo] o]lZ gty wlwEFoZA 1 E}FA

o4

K
A%
(o]
ol
)
§2
flo
5]
)
—
)
i
=,
I
:oé
ofrt
N
N
tol,
fru
é“
>
2y
B=)
()
e
PL
2
o

= ARE ol §tel Ax wol= oA PEL MA, ANT BT,
¥R F3% 9FY FDTDHW #83H1 Ad + 942 Ao

_39_



[1]

[2]

[3]

[7]

C. R. Paul, Introduction to Electromagnetic Compatibility,

John WILEY & Sons, New York, 1997.

Ott, II. W., Noise Reduction 7Techniques in Electronic
Systems, Wiley, New York, 294 pp., 1976.

K. Kunz and R.J. Luebbers, Finite Difference Time Domain

Methe for Electromagnetics, CRC Press, Boca Raton,
1993.

A. Taflove, Computational Electrodynamics -  The
Finite-Difference  Time-Domain Method, Artech House,
Norwood, 1995.

WA o, FDTDY A o] er rloj= 23] 73] 2.0le] v} 542
4, (IE &k, 88 sk 94D, B =3AL 1996.

A. Scarlatti and C.L.. Holloway, "An equivalent

transmission-line model containing dispersion for
high-speed digital lines-with an FDTD implementation,"
IEEE  Trans. Electromagn. Compat., vol.43, no.4,
pp579-587, Nov. 2001.
X. Ye, M. Y. Koledintseva, M.Li, and J.L.. Drewniak, "DC
power—bus design using FDTD modeling with dispersive
media and surface mount technology components," IEEE
Trans. Electromagn. Compat., vol.43, no.4, pp579-587,
Nov. 2001.

[8] Dennis M. Sullivan, Electromagnetic simulation using the

FDTD method, IEEE PRESS, 2000.

_40_



[9] Yoshiyuki Naito, "Formulation of frequency dispersion of
ferrite permeability," IECE of Japan, Vol. J59-C, No.5,
pp.297-304, May. 1976.

[10] Yoshiyuki Naito, "A Note on Permeability Dispersion of
Spinel Ferrite," IECE of Japan, Vol. J56-C, No.2,
pp.113-120, Feb. 1973.

[11] Teruo Tobana, Qiang Chen, Kunio Sawaya, Takayuki
Sasamori and Kohshi Abe, "Suppression Effect of the
Emission from a Printed Circuit Board Using a Ferrite
Plat," IEICE, EMCJ2000-17, pp.43-48

[12] Osamu Fuhiwara and Takeshi Ichikawa,"An Analysis of
Load Effects Produced by Ferrite Core Attachment,"
IEICE & y-fiftm 5 S e itse ks B-1, volJ79-B-1I,
no.11, pp.950=955, Nov. 1996.

[13] Raymond Luebbers, David Steich and Karl Kunz,"FDTD
Calculation of Scattering from Frequency-Dependent
Materials," IEEE Trans. Antenna and Propagation, vol.41,
no.9, Sep.1993.

[14] Teruo Tobana, Qiang Chen, Kunio Sawaya, Takayuki
Sasamori and Kobshi Abe, "Numerical Analysis of
Suppression Effect of Emission from Printed Circuit
Board by Using Ferrite Plates," IEICE % f-I#fumfs & ek
it ge i B, vol.J85-B, no.2, pp.250-257, Feb. 2002.

[15] Tetsuya Maekawa and Osamu Fujiwara,"Calculation of
Electric Far-field Radiated from Transmission Line
attached to a Ferrite Core above a Ground Plane," IEICE
BB E R e Ry B, volJ84-B,  no.12,



pp2374-2381. Dec. 2001.

[16] T. Kasuga, M. Totoshi, and H. Inoue, " FDTD simulation
and experimental study on line impedance and magnetic
near field noise for a simple printed line model," IEICE

Trans. Commun., vol.E83-B, vo0.3, ppb61-568, Mar. 2000.

_42_



AL 2
og} ZFALe] Z& MofkskA].......

2171747

=
N
it s

Aol Baow AAR FAaL

wo
1o -

o]

=

=

g A

B3] Bl

Wi shrgda o

H
T

Tor

el

o2 o] WA A

A
o

2]

9

o
JK E

R8O

i o

N
o

nl g

e
Y
o

vl

¥

. AT obmksh Ivio]

1=
=

of Sk, AR ol A4S : A= FAE wol

o] 2k, o] AFREH FAY W o], 7]

o

Ho

=4

el

o

ot

o] ouh. 1}e] 7}

]

=

kel

& EFolA vA
— 43 —

o H

A,

o A
AN A AbE3}t 7FALS] u}

=

6@%61—
- =

==



	제 1 장  서  론
	1.1  연구 배경
	1.2  연구 목적
	1.3  연구 내용

	제 2 장  주파수 의존형 FDTD 법
	2.1  FDTD 기본이론
	2.2  주파수 의존형 FDTD 법

	제 3 장  페라이트 코어 장착 선로 모델의 전자계 해석
	3.1  페라이트 코어 장착 선로 모델과 FDTD 해석 모델
	3.2  페라이트 코어에 의한 부하임피던스

	제 4 장  해석결과 및 분석
	4.1  페라이트 코어에 의한 부하임피던스 해석결과
	4.2  페라이트 코어 근방의 방사전자계 해석결과

	제 5 장  결  론
	참고문헌

