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Rubber-Ferrite Absorber

K « MivaTa

(RECEIVED ON 31 October, 1972)

1. INTRODUCTION

This paper is concerned with electromagnetic wave absorber, a mixture of
rubber and ferrite, and is aimed to investigate several electromagnetic chara-
cteristics to apply it for microwave antennas.

In microwave antennas, radiation of unnecessary electromagnetic wave
backward and side direction is chiefly due to its diffraction and scattering at
the rim of an antenna. To suppress this radiation, it has been suggested rec-
ently to attach absorbers to the rim of an antenna and to the ‘supporting poles
of a primary radiator.It is required,however, that the materials of such absorber
are of high flexibility and possibly thin to be applied to the curved surfaces.

Electromagnetic absorbers so far used have been multilayered and quite
thick ones of lossy dielectric materials. It has been found, however, that very
thin rubber-ferrite is applicable as an absorber at UHF, VHF bands

2. PRINCIPLE

Let complex relative permeability and permittivity of rubber-ferrite be p.tr,
er
then
pro= gl —gm ] ................................................................................. @
&y = Er’ _jel‘”

’

where p¢/ . real part of p.tr

"

#" D imaginary part of pr

!

&' real part of er

&' . imaginary part of er
As shown in Fig. 1, let rear face of rubber-ferite be intimately contacted
to a conductor. Normalized input impedance Z and reflection co-efficient S

under this condition for plane incident wave are given as follows.

A ;2T
2=v ., tanh (i5V
S = (Z=1) /) (ZA 1) soeereermmmnii i e ®

where d : thickness of absorber
A > wave-length of incident wave in a vacuum.

In Fig. 1 Z=1 is necessary for S= 0.
then Eq. @ must satisfy following Eq. @.
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3. MEASUREMENT
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—Jwtanhw =cr _1__ ........................................................................ oo @
where
= ;2T
w=j--v oy d
It is desirable that the thickness of the absorber satisfies
‘Eq. @ under
S € A e s ®

To calculate complex relative permeability and permittivity of an absorber,

we must know its input impedance.

SAMPLE A

. 4.5GHZ
2,50 »

3, 5.
. 6.0 »

. 6.5
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3. 1 MEASUREMENT OF INPUT,IMPEdAﬁcﬁ’“"{'f'j; L

Rubber-ferrite sample is put in WX— 2“OD coaxial slotted line as in Fig. 2.
Measurement was done on (d =5.15mm, d = 10.3mm3"¢f_ the same sample,
aiming 5 GHZ, 6 GHZ band absorber. Fig. 3~5, Table: 1~ 3 show input im-
pedance of sample A, B, C. Co ’ e

d=5.15m=n

SAMPLE B

3. 2 CALCULATION OF /T AND é€r

Let Z,, Z, be normalized input impedance

7, =Zc tanhrd o
Zz =ZC tanh2r.d - Zc ] tanhrd'__ } ............................................. -
. 1 +tanh®rd
where
Le = 4 pr [ er
* — . 21: ’f‘
r =45 1/#’, o
d : thickness of sample
then from above equation ®, we obtain
L
te= J28 | ‘ | | |
/A R JEU e et e e - ®
tanhid = 2 _| |
Z,

FEF48E2 B



58 K MivYAaTA
. 4.5GHZ
d =5.15za . :;) ::
SAMPLE C . G:O n”
. 6.5 »n
and
pr = pr' — jur’ = pr' (1 —j tandp) = Zczrn
=7
‘ S ST O POV PO ®
er = er' — jer'" = er' (1 — jtande)= r27r
Ze (j 2 )
Table 1
SAMPLE A
FREQUENCY D= 5 15mm D = 10.3mm
(GHZ) | N - IMPEDANGE |IMPEDANCE N - IMPEDANCE | IMPEDANCE
4.5 ! 1.1 + j0.23 ’ 55 + j11.5 “ 0.39 — j 0.275 I 19.5 —j13.75
5.0 ] 1.3 = 0.l 1 6 — 5 ﬂ 0.37 — j 0.155 } 18.5— 7.5
5.5 ] 1.1 — j0.22 ' 55 — j 11 U 0.37 — j0.10 | 18.5—j5
6.0 | o.89-jo.28 t 44.5—§ 14 U 040 = §0.05 | 20 -j1.25
6.5 . 0.73— j 0.39 | 36.5—j 19.5 n 0.38 + j0.015 | 19 +j0.75

*! CHARACTERISTIC IMPEDANCE : 50 (€]
*2 N-IMPEDANCE : NORMARIZED IMPEDANCE
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Table 2
SAMPLE R
{
FREQUENCY D = 5.15mm D = 10.3mm
(GHZ) | N- IMPEDANCE \ IMPEDANCE | N + IMPEDANCE | | IMPEDANCE
4.5 ‘ 115+ § 0.1 ]575+,5 n 041—;024 l205—112
5.0 | 110—1015 ! 55— j 7.5 [} 0.39 — §0.17 I195—]85
5.5 e 03— j 030 | 16— 15 “ 0.405— j0.15° | 20.2— j 7.5
6.0 | o.80- j 0.32 | 40— 16 U 0.42 — j0.085 |21 — 425
0 9%l ,
6.5 | oe-jo. 34 ’[ 32.5— § 17 ﬂ 0.65 — j0.3¢ |32.5— j17
Table 3
SAMPLE C
“FREQUENCY D = 5.15mm D = 10.3mm
(cHD) N IMPEDANCE IMPEDANCE N IMPEDANCE ' IMPEDANCE
45 | 099 j0.3 |465— 115 [5 042— j018 |21 -9
5.0 L 0.73— §0.30 \365—,15 “ 0.42— j 0.08 [21—14
S — ! e - —— e l .
5.5 | 0.67- 0.3 | 33.5— j 18 [] 06— j010  |205-55
6.0 [ 057—30285 ‘285-—11425 U 044—1004 (2-2
6.5 | 047§ 0.2 ‘235—11475 H 0.39— § 0.06 ’195-]3

PERMEABILITY OF
RUBBER-FERRITE

PERMITTIVITYOF
I S iy e RUBBER — FERRITE
¢ SAMPLE A
fe---0 " B
Kook " C 10 +
ur' = SAMPLE A
ST TTT ur’ 0----90 " B
k==X [
1~0+ ‘?\ \\\ tandu ur' 2.‘1*:#
. \/ o, = ;‘&*‘*‘2‘5
\ x 3
e N T TR, N
Wl \ \. ‘\Q:N\\
. \.\.\..:‘
\.
0.1 5 tandu 9>—‘-\(/”-8\‘~~°~ X
ande \ —_ T G
\.\.
. 0.1 1 1 1 1 !
0.01 L 1 1 1 '- L 4.0 4.5 5.0 5.5 6.0 6.5 7.0
4.0 4.5 5.0 5.5 6.0 - 6.5 7.0
f(GHZ)
Fig. 6 Fig. 7
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4. RESULT OF EXPERIMENT

Substituting data in table 1. ~3. into Eq. ®, we have the result in Figé, 7.
Fig. 8 ~9show vswr ves f and B/fo ves f characteristics of one of the absorbers.

% (B/fo}

’ fo t OPTIMUM MATCHING
- FREQUENCY OF EACH

B : BANDWIDTH (VSWR=1.2)

30 '\ THICKNESS
' d=1.0 '
o 2
]

GHz

(5G11Z~BAND)

{6GHZ-BANDY |

. A
4 5 6 7 qenz

Fig. 8 - | Fig. 9

5. CoNcLusIioN

o wide specific bandwidth is obtained

o By changing thickness, same absorber is available for both 5GHZ and 6 GHZ
band. - .

° Development of weather-proof rubber is necessary for long-term practical
applapplication ' »

©o Technics for keeping thickness constant is necessary, as the change of
thickness gives serious displacement of optimum matching frequency.
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