BEBHKSEREE F20 5 595 20095 98 3L 2009-20-9-15
F3oo A FAAE FAT FA A2y T2 B4
Resonance Characteristics of a Metallic Enclosure Having
Sub-Cavity with Lossy Dielectric Materials
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Abstract

This paper presents the delivered power and reflection coefficient in metallic shielding enclosure with a sub-cavity,
which are evaluated with the method of moments, and describes a method for controlling the resonance characteristics
of the metallic cavity by putting lossy dielectric material in the sub-cavity. In this paper we introduce carbon poly-
styrene-foam as lossy dielectric material and observe it's effects of reduction when the dimensions of the sub-cavity
and permittivity of lossy dielectric material are changed. The results show that the reduction of the electromagnetic
radiation can be achieved by controlling the amount of carbon in lossy dielectric material and the dimensions of the
sub-cavity. The theoretical analysis is verified by the measured delivered power.
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Fig. 1. Geometry and coordinate system of a metallic
enclosure with sub-cavity.

Ho FHEE e, =124 AFTUF FAsT,
Ao WE ARG E 7HRE g4 TAEE W
7ol oM, y=g% z=s9 YA HA =] QL

sl A e £ UehidT, X

a9 13 22 728 4] fsl 31 E2E
e d9e 991 FET 99e 9 12 7
etk 9 19 HFAEE e 409, F9 119 W)
FAEE e 0tk FH EEREE x=4, y=0,
z=s% AAM Aol pol dEtETH HY2
T HA¥GY sy, 34 2AES 2E= A
FREL 7 23Sy A 22 E
3 Y AN E bded 2.

—L—§ KL ) TCas
S
[ e
ja)EO L“K em( v, 7’) (_z Ea)dsa

=—V.&y) M
[§, BWCr 7 TPas

e
o Js Klm(r 7Y (2 E)dS

__ 1 (YFn 7 ’
= an fsaKhm (E x2)dS

tc. : tangential components )

t.c.

937



REBHEPRERGE BU T FIR WOFIA

aA71A, QA UE 27 9y |, 11~‘:=i ekt

& oo B opor A4 1T FHE E FAEC]

H o oyT oy ‘5&5&—4 29 WE, g(x)T Dirac] @&t
golh T, S #5E 4 Bgd YA 9y

Folth 4,

o, A7 &L exp(jwt)olq- s S,© 47
;3 — 9 TFEE e
o] ApE- J]»Zl-oﬂ B 7

t‘ [+]
dho] 2838 iy HREE ABE TAEQ F4)
2o AFao TG ART & Yo dY HE
A (1), Q1A AR T HOE FolHn

ELCn =T+ v9) - GLUR T ()
KL (7 ) =vx CL(7 ) @)
K7 ) =vx G T) )

KL (r =Tk vv) - GL(7 ) (6)

K ) =Tkt 4+ vv) - CL(7 )
g
7|M, e @9 dolojgoln, k= AR
ﬁ}—)ﬁol‘jﬂ é] B)~(nellA AFY 2 AFd A&
Tolel g I e 2.
e o0 o0 26 .
Gle:_w;"lmzl_“ﬂm—abfim sm‘wa cos“wb
nmx . mxy
sin = “=cos ~y L1 (2,2 @®)
, S
EM’}‘&Z— sinhl™ (z—0), z>2
L= sinhl"’,,¢
””’ sinhl’! (2" —¢o) . I .
silhl o Sz, 252 )
= 2 & 2 Ey,E
I __ L €€ im
Cn=" 2 2 abr'’,,,
(xaN .+ v 3N M, (2,2 (10)
7 .
—C?_S}Lnfﬁ‘cosh}” I (2=20 22z
ul = sinh2I" %,,.c
s coshl' £ (2 =20 b <
sinhal L,c 0% ome o AS2
(in
= 2 €g,E
LS 0ns Om
G ar lmzl db]wly‘{m
(_LxNx+4uzNy)M‘Zm(z,z') (12)

coshI'? (z'—z )

coshI"? (z—h)

sinh2I"”,,u
MY = . ) ¥4
o coshl a2 =B oo,
sinbor L o SR lm(z=20)
,2<2
(13)
z 2
1o {-nx mr\
Fm-J(a)*% b))~k (14)
r _| {ax mr\©_
szJ(a)+(b) ko (15)
N,= sin &% cos‘m‘g& sin“m;x" ct)s—mgjL (16)
N = cos 2% sin T cos - sin MR (1,

_](y')=_1’2011€05‘m§; (18)

E (x,y)= _xzo2E,C,,,,c<)5“‘mm‘sm““ugL

o pmx’ o _qmy
+_y;1 qZ‘oE”"Sln w 95T p

(19)

AN, 1, D E .y, E . PIAE AT
21 (18), (1998 99 2234 (1), ) st
. Galerkin® W& FLsW 4 (1), Q) 9% ¢
AR A 07 MBS o]ZRE F3 XAEAY
AF B¥9} RFFo A4 ATHIAY A £
EE AN F Sl
A Aol2e YRR TFH AYLS v} AL
9 g3t e BAz 9

A7, v.= ALY 34 A, Z.o 149 ¢
gy solt), 4 Age)l Ve=1mV, A€ ¢
UA7E Z,=50 Q9 A% A Aol FFE A



"2 25 nWolH, ofste] £ AdelE V=1
mVE AHEFTH

=
o o
I ot
o,
_O'h
st
5
Ru
Ho
1o
ol
Y
N
i<l
L
FUIIU
_\,L
oL
)

2} gtol -45H A Aol 29| 1H-r°ﬂ de}
EMI 94 7hg Azkgt AAA
Fappol Ao ARpA o o, g
5 FoFE Yoli 7] Y3 9
o 4 FAAT FAEA G2 BE59
w ANTE axpxh FA(FE)
A 5N AESAT. 29 g Yehd
*’FQJ %‘-’FE 200 J% Aestd FHA9 13 %
A7+ Core(TM) 2 Duo
U GHzol A 6.25x107* solth.
-’Fi] Adel AMEEE THA Aloj 2] A YL T
3 Zom ELXJH A "e‘ J7'<]9‘r H 2 st7] §18)
75 AR
1) W2 AAade) Faba s~ 0.7~1.6 GHz
2) A Aol A7) =03 m, 5=0.14 m,
=022 m, 4=015m, §=0.17 m,
47 Q

25
—lN

19 2+ 3 Alolx g BFFY iR &4
FAAE AR R BHE, e = =),
FA AolAZ FHE AFH v} A¢E Yehd
Zoith, AR tAoE Add FarE 34 A
0|29 7|12 REE X¥3 0.7 GHzol A 1.6 GHz7}
A o]t

A Aloj2e] TR FAZ FHFH APozy
B 24 HH, 38 A8 it AS |SyleRR
B 3% LH-ri WAE EMIE 938 &= 9tk 19

22 5¥ 0.89 GHz, 140 GHz, 1.51 GHzollM Z+z
TElOl TEL11, TE210 25 E E(cavity mode)oll Tt

ol Uebgs & 4 9o, 3 yiE 2 339
X434 AN Ade A9 54 e 2 dxety 9

% BAF 5 Uk w9, 229 FA TSN

~—— Theor:
QO 0 Measured

a=30
b=14
h=22
d=15
" $=17 ¢
0.5 w=30

il
O
eaczeaatiakie N u=0cm |
i $ 24 fees]
00 | A |

07 08 0.9 1.0 11 12 13 14 15 18

33833
M
It

Delivered Power, P
>

Frequency, f (GHz)

(@)
|

Il al

230 |

(dB)

=]
QT o
1 i}

Lo
[ 1] S I -
3333

Return Loss, [S,,|

40 i e . "
0.7 0.8 Q.9 1.0 11 12 1.3 1.4 1.5 16

Frequency, f (GHz)

a8 2. &4 f8AE FU8A &2 F5(en=
e =19 () T58 AHF (b) WAL AF

Fig. 2. Frequency characteristics of (a) delivered Power
and (b) reflection coefficient for ¢, =€ ,,=1.

= A o) Fa dge] ool A Aol
29 52 b A 4 5 Ak

I 19 FRoA ptEgo g AXE F4 X
Eo) QA& HSAIE ¥ BEV WT Ho=
A A A RE TAES 94 Wil mE F
5 EEo wale gtk Jeh, 34 ZAES e
S oS EE S0 E NESH ¥F BEsb W
AT TAEE Mo R HAAde A9E FEE
o] Ao glom o AXHE AyE
e e Age] doUpEZE B =FdME
ket A%S o] gaty] 98 yEFOeE HXH 33
IXEY AST =9t

A A o) 2]

3 B2 AR E AAAE A7
JELEESEEEECEREEREETD:
R R R ENECEREEES



BEBHERERGE 20 £ 00998

Wity oo - T2 TP Sttt it
1y - i T g
. ~
& ! / J '\\ ‘/ ~ 7y
T 40 ; 2 ‘\ ./ \Y}
— !, K \‘ ! w=10 cm
@ [ faesh P!
.20 —;& il | £=0.896 GHz
@ ' .
§ ':’ il a=30 cm
= ',\ i ‘ b=14 cm
5 oL L h=22 cm
& ! \ w=15 gm it d=15 cm
w=20cm l_‘ $=17 cm
|
.40 N l I
0 1 2 3 4 5
U (cm)

28 3. 2TEY 279 WA AL (S %) A

(ea=€e,=1.

Fig. 3. 1Syl vs. sub-cavity dimensions( e ;=& ,,=1).
FEEE WAL, FIFY 27) % w48 e
HEAZE o, A 37 54 WEE e

[¢]

4
< A9 O}ﬁ‘:} ol# g &4 -ﬁ-jﬂg]
+ catbon K- G gl Fuh4
o Aoz Agagh

-
(o]
jmn)
N
1o Ho
ol
-
(o]
H

ep=(e p—je pe,

€ p=(140.039 Gf ") 2—(0.03Gf "4 2

€ ,=0.06G77""(140.039G7 " 21

Y 19 FF FxoAM =59 9NN T
Aoj 2o YHE Z 4 Fo] 9 FTFE A
L HF5 9 WHol carbon TE ZFAEAL 2
39S W, carbon U¥E Z] AEANY carbon TS
FE 10~100 g2 M3AIH A AolAR IF
H A8 v AF |51 AESE s

1% 32 TEI0] 229 §7 F39] (.89 GHz

Ar FFFo 4 FAAE 218A L% o
(F, e,=1), F¥5 A7)d g v} A5
[Sul¥ S4% vehd Aot ¢ 30820y &
T e AAY, F35Y EH 2olg A4 24
3t R Tl &4 FAAE 21814 golk wkx)
AT 2718 AAE  9lom, & 33 E4L A
g & low, FA F4 0.89 GHzol A R0
AAES & F vk TR AAHA A A o)A
o WFE A E ARAY 27171 A=

940

(W)

15 G=100 g/

Delivered Power, P
P

G=10 g/l

—— Theory

w=10 ecm

u=3cm
a=30cm
b=14cm
h=22cm d
d=15cm
s=17 cm

A .' &4 '
1 No Sub-Cavity &
8

0LG=50 g/t é; (w=30 cm)
] oz
A S 1 ~L.:'_‘,_
Loz il i \
q 1] o 9
------ ) 2 o
PRl A i 1Y L L L N I
08 0.9 1.0 11 1.2 13 14 1.5 16

Frequency, f (GHz)

(@)

10 No. Sub-Cavity
hac A ; 1 (w=30 cm)
ﬂ’ ‘45
& OF it w=10:cm
g . : u=3 cm
= G=50g7 |i ' a=30¢m
§ Ey b=14 cm
&6 Ser /4{ r\ h=22.cm
! d=1
e=togn § ' Guioogn  TI0M
-40 L 1l 1 Fl 1 1 2 1 1
0.7 08 09 1.0 1.1 1.2 1.3 14 1.5 16
Frequency, f (GHz)
{b)
J8 4. w=10 em? 7% cabon T3] WE (a)
FHE AHA () WA AF ISy Fb
A~ E
T 54
Fig. 4. Frequency characteristics of (a) delivered po-

wer and (b) |S | for w=10 cm with lossy die-
lectric materials.

J¥ 4% w=10 cm, =3 cm® FZE Yo &4
F A (carbon LE ZAE)IE 27235 carbon
e GE WSS o A Aolxd FTFE
A9 15,19 F95 5A4E vepd Aol

AN & 5 3= ZAE, TEI01, TE1L, TE-
210 72+ 35 EEOXY TR ?Hlﬂ;‘]“} carbon
T 67 FIHEFE o)X B TS 99

oA Fo] MBI A & F Uth o] AR
= Faedd &4 FAAE 78 37 Fart
olFETE AL LT Urh

F A A (carbon X ZTAE)E

38 SE w=30 om, u=3 cm F-3F Wl &
g 37
ojx

E GE HRE o TA Aolxe FHE A
H3 |Syle Fie 54& dehd Aotk 1y



30 ar
— Theary w=30 cm
© 0 Measured u=3cm

25

g 4 ]
=
0= g HlT
15 \ £
G=50 g#t , |- GH8

W
/‘ S
. e
R .
4

05 |

Delivered Power, P

SRR
e 3

L L
07 (X1 08 1.0 1.1 12 13 14 15 15

Frequency, f (GHz)

(a)
=50 g//
o =~
o
z
10
o G=10g/
- 20
§ G=100 g/!
|
£
2 3ot v
& G=0 gl d=15 cm
s=17 cm
40 . L ) : . L . L
07 68 03 10 11 12 13 14 15 16
Frequency, f (GHz)
(b)
A8 5 w=30 eml A% carbon T W2 (a)
FFE AGS o) WA AT (5,09 T3
22 EA]
T =7

Fig. 5. Frequency characteristics of (a) delivered power

and (b) S| for w=30 cm with lossy dielec-
tric materials.

SEREH € e AAY, cabon FFF G7F F7}
&5 TEI01, TEL], TE210 ZF 2% BTo)A 3E
THE AYo] A AL ARNA HE

AT 4 Sirh FA Ao|2ze FHo] A
&S WHE dAbsE ARAY Z7)7)

N.Z2 2

a-r

re
i
Ho
2
2
rir
ook

A Aol Wi
M2 334

o
e
2

X 2
oX,
mlo & o =

Jm e Jm
Y

i)
H
ol
R
il
ﬂ
2l
Y
°
[> Im
O
=
e
i
o
2
of i o

oX.

4z

A A

of

<ol

i

A8 gH Aoj29 EA EA

i
ofy

Aloahof stdl, gAY Wil A3

]
4 5AAE FAS 235 279 418
Z =

{1
o
rE
ok
2l
M
L,
e
lo
=
ot
fu
o
>
i

a4y 2 to mlo P

[1] M. Li, J. Nuebel, J. L. Drewniak, R. E. DuBroff,
T. H. Hubing, and T. P. Van Doren, "EMI from
cavity modes of shielding enclosure - FDTD mo-
deling and measurements”, [EEE Trans., Electro-
magnetic Compatibility, vol. 42, no. 1, Feb. 2000.

[2] W. Wallyn, F. Olyslager, E. Laermans, D. De Zu-
tter, R. De Smedt, and N. Lictaert, "Fast evaluation
of shielding efficiency of rectangular shielding
enclosures”, 1999 IEEE International Symposium
on, vol. 1, pp. 311-316, 1999,

[3] M. Li, K-P. Ma, I. L. Drewniak, T. H. Hubing, and
T. P. Van Doren, "Numerical and experimental co-
rroboration of an FDTD thin-slot model for slots
near corners of shielding enclosures", IEEE Trans.,
Electromagnetic Compatibility, vol. 39, pp. 225-232.
Aug. 1997

[4] F. Olyslager, E. Laermans, D. De Zutter, S. Criel,
R. De Smedt, N. Lietaert, and A. De Clercq, "Nu-
merical and experimental study of the shiclding
effectiveness of a metallic enclosure", Electromag-
netic Compatibility, IEEE Trans., vol. 41, pp. 202-
213, Aug. 1999.

[5] Y. Hotta, Xiaohe Li, O. Hashimoto, and S. Nitta, "A
study on suppression of cabinet resonance by means
of the hybrid magnetic materials", 2001 IEEE
International Symposium on, vol. 2, pp. 713-718,
2001.

[6] B34, A71A, "&d F42 5
Fo AAA Az 54, SR AR5 =1,
14(9), pp. 950-954, 20033 94.

2

S i
2

ofp

ol

o}

o

=

941



BEBHRRERGS $20 % H95% 0095 9A

{71 S. M. Lim, Sung-Woo Jung, and K. C. Kim, "Re-
sonance characterisics of a metallic enclosure hav-
ing sub-cavity filled with lossy materials", Procee-
ding of KJJC-AP/EMC/EMT 2009, May 2009.

[8] T. Nakamura, S. Tokumaru, and S. Itoh, "Reduction
of SAR in human body by lossy dielectric shield",

wRE FH4YA

OF EMC/EMI

S S I

tenna

942

IEICE Trans., vol. J79-B-II, no. 11, pp. 941-949,
Nov. 1996.
[9] R. F. Harrington, Field Computation by Moment
Methods, IEEE Press, 1993.
{10] D. M. Pozar, Microwave Engneering, Addison
Wesley, 1990.

19843 2¢: FdUistE AREs
3 (F8Hh

19861 3€: Keio University A7) %
gt (FEAAY
19893 39Y: Keio University 21713

g (3

;19763 109~19803 2€: ()7

ox

1989 49 ~1993Q 3¢: =R FAATE AAAF
4 49979 ,

1993 49 ~1995\ 89: A& FF9IF FA
3 275

19959 99 ~#Al: ddhdtn 471383 wr

20093 149 ~8A: A} REF

1988%d: IEICE Japan, Young Scientist Awards

1994'd: IEE Japan, Paper Presentation Awards

[ ZtAEO} EMC/EMI Qe B st 2, 43 <
g, dain ol 9 38

_L?(_!

AH

ol



