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Development of the Electromagnetic Absorption Materials
Takeshi TOYODA, Kaduichi KITAGAWA, Yoshiyuki YOSHIMURA and Kazuo YAMANA

For the purpose of developing multi-layered electromagnetic wave-absorber by using carbon fiber textile, a series of
absorbers laminated by orthoblends textile was designed and evaluated in GHz frequency. A large Reflection Loss (R.L.)
in the matching frequency was detected in the case of A/4-type wave absorber utilizing the orthoblends textile containing
20 mass% carbon fiber with the conducting property as a resistant film. It was revealed that the multi-layered wave-
absorber consisting of magnetic material sandwiched between orthoblends textile and carbon fiber textile had absorption
properties superior to those of the mono-layer absorber. The material design was performed by the transmission line
theory using permittivity and permeability obtained by the S-parameter method. The simulation analysis suggested that the
electromagnetic wave-absorber of 5.7 mm in thickness with matching frequency of 6.7GHz can be designed.

Keywords the electromagnetic wave absorber, ferrite, S-parameter, material constant

LAN

Snoek 3)

EMC( ) LAN (IEEE802.11b:2.4GHz
IEEE802.11a:5.2GHz)

1)

2)

* %k *kk



PAN
12000
(12k)
10%(
=1:9)  50%(
5:5) 10%
(TR17302)
( D
€Y 2
a)
R R

0o ‘......l ‘(///'

/

T J TS5+t
+ 1 v—k
B R SR T (EERRE)

( 2)
( €n )
(
HP-4291B) 1IMHz 1.8GHz
( 13.5GH2)

( 37225A)

100%
100% 3

(D 100%




—ILR%HER (dB)

(2)

3)

60

40

!

!

(2) He AL 100% )
() 50%
(e) 40%
| (d) 30%
(c) 20%
(b) 10% ®
(a) E=HE>100% (e)

% @
©

(b)

0 i i i i N MM s T m
10 100 1000
JEiBE#E (MHz)
3
100
4
A4
90
0.006 |
,_E\ 0004 4 150 / |...... DQX&)U ._,_}//
< 1 _l/‘/Z‘fIL
\>:} 0.002 - N \ -
£ 0000 180
4
B
0.002 -
o
0.004 -
0.006 |
270
4

0 2x 33 (uv/m)
dB 4dB 5 7GHz
5
(R.L.= 0dB)
6dB
6dB
5
10MHz
“1! H,
5)
40 —eo— LUXHY ’
—o0— LY XEL
~ 30F -
Z O
?ﬂ:il 20 + \ .
ﬁ e —
10 L .\. -
0 L L L
5 6 7

BliK# (GHz2)



250
200
_ 150
=1
1%
E 100
K
50
0
1 10 100 1000
JERE (MHz)
5
LAN
(GH2)
(
S A4
7
6 7GHz
A4
6 T 1.0
[ ] g' 1
I o ¢ 40.8
4 M 8
- 406%, A
M| |
[111]=4 1 04 [111]=4 E
X

4 5
K% (GHz)
8
A4
1/4
)
377Q
6
10,20,30
A4
10 20%

© —0— E=0>100%

Q —A— BRERHMHHE10%3T 65
il —O— BeERHE20% 3T 8
—O— RERHHHE0%3T I

-50 N 1 O 1 N 1

5.0 55 6.0 6.5

9 M4

7.0



20% A4

0 -
20% GHz
~ -0} -
A4 2
uﬂé -20 |- 85 -
% X
X -3} & .
N
| — B@E—+ 2
40} A ~‘/—i~+10%CF§%gg -
0 3 —h+20%CF3s ks A
R+ Q/O0 (@ o ~>—|~+300/20F§$§ﬂz$&% R
) ~50 1 N 1 N 1 N 1
2 4 6 8 10
Rs=(a/p) Rso @) [EiR#%# (GHz)
6 a P 10
( ) Rso
Q /m? 20%
20% 10%
20% a=0.2cm 30%
p=0.5(1/cm) Rs 377 Qo
(12K)
, 943 Q /O
12000
p
8[ l»lr
rA
A4
4) Ly & d
10
Zin Mr
6.7GHz -23dB g d @) N
. 2nfd
s Zin = &tanh(l ‘\lgr urj (2)
g, C
LAN f c
(RL)

10%



[
Z
K
I_J'I]_a(l
=

M & d=4.0mm io

® d=54mm 0

—40H © d=57mm o

¢ d=70mm 5

O d=8.0mm o

_50 i N
4 5 o 6 7
FEK% (GHz)
11
Z -1
RL.=20log—=" 3)
in
(
) R.L. 00
Z|n:1
S
12
d=5.7mm 6.7GHz
-46dB
d
( )

(1)

(2) A4
20%
(3) r/4
(4
(1SICO)

1) : . Vol.34,638-642

(1999).
2)

, Vol.49,67-72(2000).
3) J. L. Snoek: Physica, Vol.14, 207-217(1948).
4) ; 1 -

, 1989.
5) : , , , 1986.
6)

1991.

7) : , : , 1997.



