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Abstract

On the contrary to the progress of the electronic industry and radio communication technologies, many social problems such as EMI,
due to unnecessary electromagnetic(EM) wave are serious with the increased use of EM wave. It is required that the absorbing capability
of an EM wave absorber is more than 20 dB, the bandwidth of which is required from 30 MHz to 18 GHz to satisfy the international
standard about an anechoic chamber for EMI/EMS measurement!". However, the absorbing frequency band of the conventional EM wave
absorbers satisfying more than 20 dB is very narrow, for examples, from 30 MHz to 400 MHz in ferrite tile type and from 30 MHz
to 870 MHz in ferrite grid type, respectively. In this paper, we proposed and designed a new type absorber with broadband characteristics
covering the frequency band from 30 MHz to 10 GHz by use of the equivalent material constants method (EMCM)Z 1,
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1. Introduction

Recently, the microwave technology has advanced rapidly for
wireless and mobile communications. On the other hand, the
EM wave environment has been deteriorating more than ever
before. Therefore, the international organizations such as CISPR
(Comite Internationale Special des Perturbations Radioelectri-
que), FCC(Federal Communications Commissions), ANSI
(American National Standards Institute), etc. have intensified the
regulation of EM wave environment for the countermeasure of
the EMC for diverse equipments.

The EM wave absorber is used to construct an anechoic
chamber for test and measurement the EMI/EMS. To satisfy,
however, the international standard such as ANSI C63.4-1991,
CISPR A SEC.

109, or IEC 801-3. the absorption capability of EM wave
absorber for an anechoic chamber is required more than 20 dB,
and broad bandwidth as well from 30 MHz to 18 GHz by
cispr11M,

However, a conventional single-layered ferrite absorber
composed of the sintered ferrite tiles covers only from 30 MHz
to 400 MHz under the tolerance limit of 20 dB in absorption
and the grid ferritt EM wave absorber from 30 MHz to 800
MHz.

Recently, we have proposed a ferrite absorber with the cutting
cone-shaped and circular cylinder ferrites on a ferrite tile®. In
this paper, we proposed a new type ferrite absorber with the
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circular cylinder shape and cutting cone-shaped, and ellipse-
shaped ferrites on the ferrite tile. The proposed EM absorber
was designed by using the equivalent material constants method
(EMCM)P™H The proposed broadband EM wave absorber
could satisfy the international standard.

II. Design of New EM Wave Absorber

The EM wave absorber that was proposed by our laboratory
before is shown in Fig. 1. Fig. 2 exhibits a side and plan view
of the EM wave absorber.

As shown in Figs. | and 2, it consists of ferrite tile, ferrite
post of the cutting cone-shape, and cylinder-type ferrite layer on
metal plate. Since the first-layer is tile-typed ferrite filled with
ferrite fully, the permittivity and the permeability of the

<+ Metal Plate

Fig. 1. Bird's eye of the proposed absorber.
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Fig. 2. Side view anc floor plan of the proposed absorber.

first-layer are the wame as those of bulk ferrite material.

As the cutting cone-shaped layer and the circularly cylindrical
layer are composed of ferrite and air, we can obtain the
effective permittivity ard permeability by using the synthesized
capacitance and the synthesized inductince models. respectively.

Thus, the equivalent permittivity and permeability of the
second layer can bv calculated by wsihg the equivalent circuits
as shown in Figs. 3 and 4, respectively. For the second layer,
the equivalent permittivity e, and the equivalent permeability
toy €re given by egs. (1) and (2) I'espectively[(’]'m.
al(a - Ane,+ 4i]
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where, a is the period of the cones, x, is the radius of the nth

region and A is the thickness of the divided cutting-cone for
analysis.

For the third layer, the equivalent permittivity and the
equivalent permeability can be obiained by eqs. (3) and (4),

Fig. 3. Equivalent capacitance madel of the 2nd layer.
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Fig. 4. Equivalent inductance model of the 2nd layer.

respectively.

_ Ry €, A

€/ = (a— Ve, +r G)
hs ¢y

Loy = 2E )

(a—np,+7r

where, #, is the height of cylinder and » is the radius of

cylinder.

The new proposed EM wave absorber in this paper is shown
in Fig. 5. Fig. 6 shows a side and plan view of the EM wave
absorber.

Fig. 6. Side view and floor plan of the new proposed EM
wave absorber.
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As shown in Figs. 5 and 6, it consists of ferrite tile, ferrite
post in the cutting cone-shaped type, ellipse type, and
cylinder-typed ferrite layer on metal plate. The calculating
method is equal to the method used for conventional EM wave
absorber except for the ellipse shaped part.

For the ellipse type part, the analysis principle is similar to
that for the cutting cone-shaped part's. The only difference
between the ellipse type part and the cutting cone-shaped part
is the reduction of a radius of an #nth region. Therefore, the
equivalent permittivity and permeability is equal to egs. (1), (2),
but the value of the radius of the snth region should changed.

[l. Frequency Dispersion Characteristics of
Ferrite Material

When the ferrite absorber is used in microwave band, the
relative permittivity e, of ferrite is almost constant as ¢,=14.
However, the relative permeability ., of ferrite heavily depends
on the frequencyp]. In this paper, to fit the experimental results
to the simulated ones, we proposed a corrected frequency
dispersion formula. Eq. (5) shows the proposed experimentally
corrected dispersion formula.

uy=p —ju” )
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and p° depends on u;, £, f,, and Ky, as well as u”
depends on x,,. F., f.» and k. Then all of the parameters
was determined by experimental values, which were shown in
Table 1.

Figure 7 shows comparison between the calculated values of
the corrected frequency dispersion formula and the measured
ones. As shown in Fig. 7, the calculated values agree well with
the measured ones.

IV. Fabrication and Measured Results

Figure 8 shows the simulation results for the fabricated
absorber that was proposed by our laboratory before. Table 2
shows the dimensions of the absorber.

As shown in Fig. 8, it was shown clearly that the EM wave
absorber has absorption capability better than 16 dB in 30 MHz
to 10 GHz.
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Fig. 7. Comparison of complex permeability between the
simulated values of the corrected dispersion for-
mula and the measured ones.

Table 1. Values of the parameters.

Hi ky A fp Hom ky fs Son

2500 | 031 02 0.7 2500 | 0.18 | 0.13 0.5

Table 2. Dimensions of the EM wave absorber.

Dimension 2R 2r h h, h, a
Size 13 10.2 18 2 6.6 20
(mm)

30 MHz - 10 GHz
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Fig. 8. The frequency characteristics of the simulated wave
absorber.

Figure 9 shows the actual fabricated EM wave absorber, and
Fig. 10 shows the measuring set-up. The system was made by
our laboratory and it was used for measurement of fabricated
EM wave absorber up to 6 GHz. Figure 11(a) shows the
perspective drawing of the system. As shown in Fig. 11(b),
eight pieces of absorber were attached to the metal plate, and
the absorption capability was measured using the Network
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Fig. 9. Fabricated EM wave abscrber.
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Fig. 11. The perspective drawing of the system.

Analyzer (Model HP8753D).

Figure 12 shows the comparisoh between the simulated
absorption capability and the measured one. The solid line
shows the actually measured results for the fabricated absorber
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Fig. 12. Comparison between the simulated and the measu-
red absorption capabilities.
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Fig. 13. The simulated frequency characteristics of the
new EM wave absorber.

Table 3. Dimensions of new proposed EM wave absorber.

Dimension | h ha | hs hy hs T n I3 a

Size

62| 2 | 16 1052318 ]| 10 |68 20
(mm)

and the dotted line shows the simulated results.

The measured results are in good agreement with the
designed ones in the frequency range from 30 MHz to 6 GHz.
However, as shown in Fig. 12, the 20 dB absorption capability
of EM wave absorber was not satisfied. To solve this problem
we proposed new type EM wave absorber as shown in Fig. 5.

Figure 13 shows the simulation results for the new proposed
EM wave absorber, and Table 3 shows the dimensions of the
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proposed absorber.

In order to obtain the optimized structure, a try and error
method was applied by changing the dimensions for the various
structures, repeatedly.

As shown in Fig. 13, it is respected that the proposed EM
wave absorber has more EM wave absorption capability than
those of the formerly proposed one shown in Fig.1. In the near
future the newly proposed absorber will be fabricated, measured,
and applied for an anechoic chamber.

V. Conclusion

In this paper, we have designed a new-type absorber with
broad-band frequency characteristics. From the simulation and
the experimental results, it is respected that the proposed EM
wave absorber has more EM wave absorption capability than
those of the formerly proposed one. In addition, we can
conclude that the designed EM wave absorber has superior
absorption capability compared with the conventional EM wave
absorbers. Since the designed EM wave absorber has,
furthermore, the thickness of 27 mm, more effective space
efficiency can be obtained in a volume within an anechoic
chamber.

This work was supported by the Korea Research
Foundation Grant (KRF-2001-005-200015). Authors also
would like to express their thanks for the help of fabrication
to Mr. S. H. Yoon and Dr. Y. G. Lee in Dongkuk
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