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FREQUENCY SELECTIVE SHIELDING SCREEN
BY THE USE OF ARTIFICIAL MEDIA

" Tohru Iwai, > Kennichi Hatakeyama

! Sumitomo Electric Industries Inc.,2 Faculty of Engineering, Himeji Institute of Technology
E-mail: ian-iwai(@maia.eonet.ne.jp

Abstract: We calculated the shielding characteristic
of a three-dimensional array of strip conductors by
using the electric field integral equation method and
its expansion to an array structure. The reflection and
transmission coefficients are calculated from the cur-
rent distribution obtained, and the effective permitiv-
ity is calculated in wide frequency range. Above the
resonant frequency, the effective permittivity be-
comes negative, and the transmission coefficient be-
comes very small because of the evanescent mode.
Key words: Electric field integral equation method,
point matching method, effective permittivity, eva-
nescent mode, shielding characteristic

1. Introduction

Artificial dielectrics were proposed more than 50
years ago. One type of artificial dielectrics comprises
an array of conductors [1]. The conductors are polar-
ized by an incident electric field in the same way as
the atoms of an actual dielectric are polarized, and
the array of conductors behaves macroscopically as
an actual dielectric. The permittivity of an actual di-
electric has frequency dispersion, and it is true for an
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Fig.l Three-dimensional array of strip conductors
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artificial dielectric. A typical application of artificial
dielectrics in the past was a lens antenna, but it was
used in the frequency range much lower than the
resonant frequency determined by the physical di-
mension of the conductor.

An application example of artificial dielectrics is
an electromagnetic wave absorber, which consists of
scattered metal fibers. It uses the resonance of the
metal fibers and shows the dispersion of the permit-
tivity [2] [3].

As another application of artificial dielectrics, we
study frequency selective structure in this paper. A
conventional frequency selective surface (FSS) com-
prises an array of conductors or slots, and it uses the
resonance but it is treated as a ramped element circuit
model [4]. We regard a three-dimensional array of
strip conductors as an artificial dielectric showing the
dispersion of its permittivity and shielding character-
1stic.

2. Simulation model and computational approach

2.1 Three-dimensional array of strip conductors

Fig.1 shows the three-dimensional array of strip
conductors that we have simulated. The dimensions
of each strip conductor are denoted by L in length
and W in width. We assume the conductor is infi-
nitely thin. The spacings of the conductor arrange-
ment are AX, Ay, and Az for each direction. The
numbers of strip conductors are infinitive in both x-
and y-direction, and N in z-direction. The incident
waves are plane waves propagating from +z toward
~z with electric fields paralle] to x-axis.

2.2 Impedance matrix of the periodic conductors

A scattered electric field can be calculated from
the current distribution by the use of the electric field
integral equation method [5]. We start from consider-
ing a single conductor or a small number of conduc-
tors.

The scattered electric field is given by

E (J)=-joAJ)-Vé(J) , (1)

where A(J) is the electric vector potential and ¢(J) is
the electric scalar potential. The equation (1) can be
expressed by an electric field integral equation:
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E, =-jou, [SJ(r')G(r,r')ds'

+- ! VAV IE))G(r,r)ds, 2)
jogg S
where G(r,r') is the free space Green’s func-
tion:
G(r,rv):w , 3)
4n|r—r'|

where k is the wave number, r is the vector of the
observing point, and r' is the vector of the source
point. The total electric field at any point is the sum
of the incident and scattered fields. On the conductor
surface the tangential component of the electric field
must be zero. So we obtain

nxE;, =-nxE; (onS), 4)

where n is a normal vector to the conductor surface.
We use the point matching method for the compu-
tation of the currents. Pulse functions and delta func-
tions are used as basis functions and test functions.
We obtain the system of linear equations (5), which
determines the currents on the conductors.
Z11 Zim | 1y \ - E;

: : J: o (5)
Zmm im - Eim

where i, is the current densities of the q™ segment

and Ej; is the incident electric field at the center of

the segment. The impedance coefficients are given
by

Zmi

Zpg = ~jOUg [SG(r,r')ds’
1
jogy

+ [(V-B)V,G(r.r')ds,  (6)
where B, is the basis function of the q" segment
whose area is S, and T, is the unit vector of the cur-
rent direction of the p segment.

The next step is the expansion of this method to
the analysis of the periodic array of conductors [6].
Some numbers of conductors are located in a unit cell.
In this structure the conductors on the z-axis are in a
unit cell and a great number of unit cells are allocated
in x-y plane. Applying equation (5) into this structure,
" we obtain
11 1

11 1 .1

1
Zyp o Zyy - 21y e 2 1 ~Ej
11 11 11 11 -1 1
Zml"‘zn]m "'Zml”'zmm lm ‘E’im
: : ! : o P l= : , (7)
11 ... 11 B D B . w
Mmoo Zim 1 -Ej
IS | T | R B | cW w
z ml Zmm Zmi Zmm Iy - Eim
where w is the number of unit cells, i; is the ¢”

segment current of the u™ unit cell, Ei: is the inci-
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dent electric field and z4 is the impedance coeffi-

cient between the g™ segment current of the v¥ unit
cell and the p™ segment current of the u™ unit cell.

Because all the unit cells are irradiated by the same
incident electric field, they have the same current
distribution. We obtain

Ey=Ej =Ej =-=EY (q=12,--,m) (8
and
ig =iy =ig =~ =i (q=12,+,m). 9)
The 1% row of (7) becomes
(z31 +237 + )0y + (20 + 235 40z +
+(Zim + Zim )i =By (10)

The general expression of (10) for infinite number of
unit cells is

1
v
[Zzpq

v=1

e}

> ]iq:—Eip (p=12,---,m) . (11)
q=1

We define new impedance coefficients as

o
* 1v
Zpq =2 %pq - (12)
v=1
Using these impedance coefficients, we obtain
* * .
Z1 Zim || 1 -Ej
: : D= : (13)
* * i
Zm1 me] In - Eim

The number of v in (12) in the calculation is dis-
cussed in 3.1.

3. Simulation Result

3.1 Calculation area and convergence of current

Calculations were carried out with the parameters
shown in Table I. A strip conductor was divided into
20 segments (The size of each segment was 0.75mm
by 0.75mm).

Table I Simulation parameters

L: length of a strip conductor 15 mm
W:  width of a strip conductor 0.75 mm
AX: spacing in x-direction 18 mm
AY: spacing in x-direction 3 mm
AZ: spacing in z-direction 3 mm
N: number of layers 5

In this simulation we calculated the conductors
within a square area of x-y plane. The physical di-
mension of the calculation area is denoted by the
factor of £v,, a number of strip conductors taken
into account for x-direction. As for v, for y-direction,
vy 1s equal to 6vy.

Fig.2 shows the maximum currents induced on
strip conductors versus v,. The field strength of the
incident wave is 1V/m.



As v, increases, deviations of the maximum cur-
rent decrease. Though the deviation depends on fre-
quency, the deviations are less than 5% for v, larger
than 50, which is considered to be small enough to
evaluate the strip-array effects.
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Fig.2 Maximum currents induced on the conduc-
tors versus v, at I=9GHz. 1* layer means
frontmost one of Fig.1
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Fig.3 Scattered electric field and total electric field
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3.2 Scattered and total electric field

Scattered electric fields are calculated using the
currents on the strip conductors. Fig.3 shows the
scattered electric fields and the total electric fields
along z-axis at f=7.5GHz and f=10GHz. In z>0 re-
gion the solid lines represent the reflected electric
fields and the dotted lines show the standing-wave
distributions. In z<-12mm region the dotted lines
represent the transmitted electric fields,

The fluctuations are observed in the scattered elec-
tric fields. At present, we think that phenomenon is
caused by the calculation with the finite number of
strip conductors.

As shown in Fig.3(a) and (b), the reflection is very
small and almost all the incident waves are transmit-
ted at {=7.5GHz, while the transmission is very small
and almost all the incident waves are reflected at
f=10GHz.

3.3 Reflection, transmission, and relative permit-
tivity

The complex reflection and transmission coeffi-
cients for all frequency range can be calculated from
the scattered and total electric fields. Figures 4 and 5
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Fig.4 Reflection characteristic
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show the frequency dependence of the amplitudes of
the reflection and transmission coefficients. At the
frequencies higher than 9GHz, almost all the incident
waves are reflected, and the transmission becomes
very small. At frequencies lower than 9GHz, the
reflection coefficients are very small. From Fig.5 we
find that the strip conductor array provides the excel-
lent characteristics as a frequerncy selective shielding
screen compared to the conventional FSS.
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Fig.6 Effective Permittivity (real part)

When the array structure is considered as a homo-
geneous dielectric media, effective permittivity can
be obtained by reflection or transmission coefficients.

The normalized input impedance Z;, is given as,

) 1+72_Ttanh[j%ﬁ]
1+\/;tanh(j2;d‘/;:]
0

where &, is the complex relative permittivity, d is the
thickness, and X is the wavelength in free space. We
determined the boundaries of this array structure at
z=1.5mm and z=-13.5 mm, so the thickness d is
15mm. Using the normalized input impedance calcu-
lated from the complex reflection coefficients, the
complex relative permittivities are calculated nu-
merically. Fig.6 shows the frequency characteristic of
the real part of the effective permittivity: ¢’. &’ is
equal to 3.9 at =3GHz. ¢’ increases as the frequency
increases and diverges near the resonant frequency.
At =9.9GHz, ¢’ is less than —5000 and stays negative
in the region 2 9.9GHz. In this frequency range, the
polarization induced on a strip conductor is delayed
in phase and it becomes in opposite direction to the
incident electric field. An electromagnetic wave be-
comes an evanescent mode in a negative permitivity
media in which the waves cannot propagate, so the
transmission coefficient becomes very small.
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The imaginary part is always around null within
the calculation error. This means that this array struc-
ture is lossless, because we regard the strip conduc-
tors are perfect conductors.

At £=4.5, 7.5, 8.6GHz, the thickness of this array
structure corresponds to 0.5, 1,and 1.5 times of the
incident wavelength. So the reflected electric field
from the back surface offsets that from the front sur-
face. This phenomenon is actually observed in a real
dielectric slab.

4. Conclusion

We simulated the dielectric characteristic of three-
dimensional array of strip conductors using electric
field integral equation method and its expansion to an
array structure. The calculation results indicate that
reflections and transmissions can be controlied by the
array-structure factors such as the conductor length
and the spacing of the arrangement. The effective
permittivity of the array
(1) increases as frequency increases below the reso-
nant frequency,

(2) diverges near the resonant frequency, and
(3) becomes negative at frequencies higher than the
resonant frequency.

It is clearly shown that the array-structure shows
the negative effective permittivity that contributes to
the frequency selective shielding characteristics. We
are trying to design many devices using the artificial
media.
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