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(Electromagnetic Wave Absorber with Wide-Band
Frequency Characteristics Using Exponentially
Tapered Ferrite)
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Abstract

A wide band design method of an electromagnetic wave absorber with using exponentially tapered

ferritc is proposed and discussed. A theoretical model using the equivalent material constants method
is also proposed to analyze the regions varying spatially in the shape of ferrite. Based on the developed
model, wide band electromagnetic wave absorbers with excellent reflectivity frequency characteristics

in the frequency range of 30MHz to 2,150MHz or 2,430MHz were designed.

1. Introduction

Electromagnetic  Interference(EMI)  becormes  very
serious problem to the office automation, the
factory automation, etc.. Thus, for a counter-
measure of EMI or EMC, various electromagnetic
wave absorbers are applicable to their uses.

Nowadays, one of the main purpose of the
electromagnetic wave absorber is to make an

anechoic chamber for checking or measuring the
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leakage of electromagnetic wave radiated by
electronic equipments.

To satisfy the regulation, e.g., ANSI C63.4-1991,
CISPR A SEC.109, or IEC 801-3 the performance
of an anechoic chamber should be available to
measure EMI over the frequency
1000MHz or 3GHz upper.

The anechoic chambers have been frequently

range 30—

lined with arrays of pyramid cone dielectric
materials.

In recent years, ferrite lined compact anechoic
chamber has been developed by improved ferrite
characteristics. Despite the small test site size, it
was found that the data measured in this chamber
were in good agreement with those in open field

test site.
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Up to now, single-layer ferrite absorber has
been used for suppressing various kinds of elec-
tromagnetic interference. However, the applica-
tions have been restricted by the narrow band
characteristics. It covers only frequency band from
30MHz to 400MHz ' "2,

On the other hand, the
bandwidth of a grid type ferrite absorber has been
broadened from 30MHz to 780MHz """,

However, these absorbers are still limited to

useful frequency

satisfy the adequate performance for the anechoic
chamber.

For the above purpose, super wide-band elec-
tromagnetic wave absorber is designed with
tapered ferrite material. In analyzing the ex-
ponentially tapered ferrite arrays, the equivalent
material constants method has been proposed and
adopted. Thus, the bandwidth from 30MHz up to
2,150MHz or 2,430MHz has been obtained, and it

has been found that the developed electromagnetic

wave absorber is to be applicable to various uses.

Ferrite
/a\&\

a3zl 1. Ak 2B Al EpAe oy
Fig. 1. The Typical Shape of a Wide band

Ferrite Electromagnetic Wave Absorber
Proposed in this Paper.

1. Equivalent material constants method

Fig.1

magnetic wave absorber which is composed of

shows a wide-band ferrite -electro-
periodic arrays of exponentially tapered ferrite.
When the period of an absorber array is small
compared to a wavelength, then the periodic

structure can be replaced by an effective medium

E=oy
Bo

(239)

$£3UHE DR F4%
as indicated by homogenizationm AN

The direct numerical approaches to the problem
of computing the electromagnetic field in the
vicinity of an array of absorbing medium using
finite-difference time-domain method and spatial
network method are capable of high accuracy at
arbitrary frequencies, but are computationally very
intensive and do not lend themselves readily to the
design of the absorber °1#!,

Thus, asymptotic methods are used to analyze
the mechanism of electromagnetic wave intera-
ction with an absorber array.

The proposed ferrite -electromagnetic wave
absorber is to be approximated as multilayered
structure as shown in Fig.2.

The shape of the unit layer is the same as grid
type absorber shown in Fig.3.

Ceqn
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Fig. 2. Multi-layered asymptotic structure for the
tapered ferrite  electromagnetic  wave
absorber.
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The unit structure of the tapered ferrite
electromagnetic ~ wave  absorber(Cross
Section of XY Plane).

The properties and frequency characteristics of
the grid ferrite absorber are shown in "1 In Fig.3,
S is the period in the XY direction, ai, b1 and a2,
b2 are the widths of area occupied by the ferrite
and air respectively, & and W are the relative
complex parameters of the bulk ferrite, and & and

W are those of free space.

I 4.
Fig. 4.

FHEAT =Y
A Model for Calculation of Equivalent
Material Constants.

To study the properties of the absorber we have
only to consider the area closed a dashed line

shown in Fig.3 because the arrays are symmetrical

HolH 8 A= 220 HeolE AnFHA
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in the XY directions.

g8 5. Hyw A
Fig. 5. A Parallel Plate Transmission Line.
The properties of the unit layer are to be

analyzed using synthesized capacitance and
inductance model shown in Fig.4.

First, let us calculate the capacitance and the
inductance per unit length in the z-direction in a
parallel plate transmission line as shown in Fig. 5,
where the width is w in the y direction, the length
is ! in the z-direction, the gap between the plates
is g and the current flows in the z-direction.

Then the capacitance per unit length is given by 191

o T T T
| Ca Cr |
& H Ener]j—]
T
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T

a8 6. s =l
Fig. 6. A Synthesized Capacitance Model.

C

— &w
/ &g

)
where C is the total capacitance between the
parallel plates and ¢ is the permittivity of the
material filled in the transmission line. On the
other hand, the inductance per unit length is given

by

(2
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Fig. 7. A Synthesized Inductance Model.
where L is the total inductance between the
parallel plates and U is the permeability of the
material filled in the transmission line.

Now, the calculation method can be extended to
the model as shown in Fig.4 which is used later for
designing the wide band electromagnetic wave
absorber proposed in this paper.

If the metal plates were placed left and right in
Fig4d we can make a synthesized capacitance
model as shown in Fig.6. The total synthesized
capacitance C is then found as follows by sub-
dividing the cell into areas of homogeneous ma-
terial, computing the capacitance of these subcells,

and then combining these in series and parallel.

- CaCn
€= Cutcn tOm
&, dz{ba; + a(b + bye)} 3)
- Wb + bye,) ‘
where, C, = _‘__750522 4
2
_ &6,mpdz
Cp = *"——-b]
e,e,adz
Crp = ‘_Tl.___
b= b + b

Thus, the equivalent permittivity €. for the
structure with thickness Az as shown in Fig.4 is

given by

(4)

(241)
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Substituting eq.(3) into eq.(4), the equivalent

permittivity €« for the structure is given by

(Q -Kye,

€= Kue: t B LT —Kpe,

(5)

a;

_a by
a, + a;

b+ by

where, Ky = Kg = (6)

Next, let L be the self-inductance of the area in
Fig.b.

Then, the magnetic flux across the area of gl is

given by

® = B,gl (7)
and the magnetic flux density By is given by

wB, = pl (8)
The self-inductance L is given by

LI= 0 9

Since the self-inductance L is defined by

L4 - 42 (10)

From eqs.(7),(8) and (9), the inductance per unit

length L// is given by

L -7
7 " an

Assuming that all field fringing is neglected, in
the same manner as the above, we can make a
synthesized inductance model as shown in Fig.7.
The total synthesized inductance L is calculated

by extending eq.(11). Then,

Ly Lp

L = 4LA1+LF1 + L
:A;zau,dz{abg + bla, + ayp,)} (12)
ala, + axp,)
o b
where, L, = Hobydz
a;
. Mop by dz
Lﬂ = a,
oty by dz
Le= 2 '
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a= a + a

Thus, the equivalent permeability U, for the
structure with thickness Az shown in Fig.4 is given
by

_al

1. b4z 13

Heog =

Substituting eq.(12) into eq.(13), the equivalent

permeability Ue, for the structure is given by

(1 _KE)/-‘r

Kp+ (1 —Kpp, (14)

/‘eq:KE#r+

The above method i1s also described in the

131 171,191~ 1131

references and referred to as the

equivalent material constants method.
The frequency characteristics of the grid type
ferrite absorber by the prescribed method agree

[RR!

well with the measured ones as shown in Fig 8.
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Fig. 8. Reflectivity Frequency Characteristics of
the Grid Type Absorber.
(Period(S) 19.8mm, Ferrite part(az)
4.4mm, Thickness = 27.5mm)

Using these methods, therefore, we are able to
predict the effective properties of artificial medium
from a knowledge of their geometry and material

properties of their constituents.

IIf. Design of wide-band electromagnetic wave
absorbers

As discussed in the previous section, we are able

(242)

ER— st

to try out different absorber design in an attempt
to vary the geometry and bulk material parameter
of the absorber.

The proposed electromagnetic wave absorber is
composed of ferrite material only, the typical shape
of which is the same as Fig.l and the cross section
of which is the same as Fig.9.

Suppose that the tapered region with height h:
varies exponentially as shown in Fig.9 and the
cross section of the tapered region is divided
equally into n-2 layers. then, in the i~th layer the
dimensions corresponding to the model for
calculation of equivalent material constants shown

in Fig.4 are given by

2. 9. HelHy HAFFH Fdws
Fig. 9. Cross Section of the Electromagnetic
Wave Absorber shown in Fig.l.

when i is 1,

tm tm

X) = 71 v = 71 (15)
h,

zZ, = 7

and when 1 is 2,

th

2=

yo= 32 (16)

Z9 = hl + 2

and when 1 is equal or greater than 3,
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~k(zi —h, ~hy) +

X

0

% (tms - Q)e

1 _ “k(z-h-hy | Q
yi 2 (tms Q)e + 2 (17)

It

2 ="h, +hy, + h‘_2 {(i —3)+%}

N
since x; is corresponding to bi/2, v;i is to a/2 and
i-th
respectively. In the eq.(17), N depicts the number

zi is the center position of the layer

of total layers, Q depicts the minimum width of the

end tip of the tapered region, and

(b)

=

a8 10. z% 93k od 5
(@) x-& (h) y-5F

Fig. 10. Divided Cross Sections in z-Direction.
(a) For x-axis (b) For y-axis

3
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k =

P
o (18)

where P is an arbitrary number to determine the
shape of the tapered region.

The relative permeability of the ferrite is
assumed to be described by the following dis-
persion equation in the frequency range under

. . 14
consideration '’

K

1
Q +j7§)

o, + (19)

where, f is an operating frequency, K is relative
permeability in DC and fw is relaxation frequency.
Its permittivity & 1s considered constant. The
sintered ferrite used here is charactenzed by the
parameters K=2500, f,=2.5MHz, and £=14.0
Now, we can design a wide-band ferrite elec-

151,161 .
(51,1 ], since we can

tromagnetic wave absorber
control the permittivity and permeability at the
same time by use of the spatial shape varying

technique of electromagnetic wave absorber.

IV. Results

By changing the geometric dimensions of ta-
pered ferrite region as well as thickness of layers,
we found the optimum structure which provides
the highest frequency limit for the return loss of
less than -20dB with the lower limit of 30MHz.
The tapered section of the absorber was app-
roximated by multiple layers, the computed results
were converged at 27 to 30 in the number of the
layers.

The designed results with excellent absorbent
characteristics are listed in the Table 1.

Fig.11(a) shows the reflectivity character- istics
with frequencies of the designed wide—band ferrite
electromagnetic wave absorber of the design #-1
which TAPERED, while the

characteristics of the conventional ferrite TILE

is depicted by

and the GRID type ferrite absorber are compared
simultane-ously on the graph. Fig.11(b) shows the
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normalized input impedance for those of Fig.11(a)
on the Smith chart.

Figs.12(a) and (b) show the same ones as
Figs.11(a) and (b) for the design #-2.

As shown in Fig.11 & 12, the reflectivity with
the tolerance limits -20dB is available in the
frequency range 30 to 2,150MHz or 2,430MHz.

Even though the frequency limitations were not
considered in the above design, it is possible to
apply the proposed design method for high
frequency application by controlling the dimen-
sions into smaller cell size relative to the
wavelength maintaining the ratios of S, tmi, tm2, tme,
etc.

101

As pointed out in' , the equivalent material

parameters depend on the materials

1. 325AEE /Ml Ni-ZoAdl #H#elE
2 FHY B ARERA 54
23

Table 1. Designed Wide-band Electromagne-
tic Wave Absorbers with Excellent
Characteristics  Using High Per-
meability Ni Zn Ferrite.

I Measured

. _
Band width with|R
Dimensions | the tolerance |e

Nos. material
\ constants (mm) limits of -20dB |m |
| parameters a
r
o #
| t = 74 P
| &= 140 [ S =200 30-2,150 iE
Design | K= 2500 | h =58 \ Ml R
ool fn =25 | h-00 | £
| h - 480 , D |
i P - 200 \
' \ ‘ Q=08 ‘) |
! | N-30
I 7
; 1 tm = 128 TA
‘ ‘ ' tee = 16 ‘ P
| er = 140 \ S = 200 | 0-24% [E
Design | K- 2500 | Iy = 66 MHz R
#2 | fw=25 | h- 150 ‘ E
| h - 300 D
| > = 150 ,‘
‘ ] Q-06 |
] | N | |

EF— 5

and direction, resulting tensor expression for the
permittivity and permeability. However, only

normal incidence was considered here

0 T T T T L T
I :\\
-0 e T
I TILE .~ L
= _~GRID // N
m
3 . /TAPERED N
4
w  —20 - m
N TN/
2 S / "/
g N\ "/
bel A
g -3k Vo B
= \\ / —— : Proposed
& | i’ ------- : Tile
) -~ Grid
-40 i -
|
(
~50 . L A 1 - 1 L
o 500 1000 1500 2000 2500 3000 9500  4C0D

Frequency {MHz)

|

(b)

32 11. (a) Design #-1 AFFA9 vkl
54, (b) Design #-1 AIEFFA9 <1H
DRSPS

Fig. 11. (a) Reflectivity Frequency Characteri-
stics of the Designed Wide band Elec-
tromagnetic Wave Absorber, (b) Nor-
malized Input Impedance of the De-
signed Wide-Band Electromagnetic Wave
Absorber of Design #-1 in Table 1.

and the performance of such tapered absorbers at

off angles is studied in the near future.
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(a) Reflectivity Frequency Characteri-
stics of the Designed Wide band Elec-
tromagnetic Wave Absorber, (b) Nor-
malized Input Impedance of the De-
signed Wide-Band Electromagnetic Wave
Absorber of Design #-1 in Table 1.

Fig. 12.

V. Conclusion

A wide band design method of the elec-
tromagnetic wave absorber using expon- entially

tapered ferrite was described, where the equivalent

(245)

$£34% D $£4% 15
material constants, ie, the equivalent complex
permittivity and permea- bility for the regions of
spatially varying ferrite shape were calculated by
the synthesized capacitance method and the
synthesized inductance method under some app-
roximations.

Then, the wide band ferrite electromag—- netic
wave absorbers with taper were designed, which
are with excellent reflectivity frequency charac-
teristics and with the band width of 30MHz to
2,150MHz or 2,430MHz under the tolerance limits
of -20dB reflectivity, while the conventional ferrite
tile or the grid type ferrite absorbers has the band
width of 30MHz to 370MHz or 870MHz. These
absorbers could be used for the construction of an
anechoic chamber, GTEM-cell, etc. for EMC.

In the near future, the exact material constants
model for the tapered absorber will be derived and

the experiments will be carried out.
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