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Removing the Angular Sensitivity of FSS Structures

Using Novel Double-Layer Structures
J. Shaker and L. Shafai, Fellow, IEEE

AbsfractA double-layered periodic structure composed of

shorted rings is employed to reduce the angular sensitivity of
the reflection coefficient of a frequency selective surface (FSS).
The angular sensitivity appears to vanish altogether for certain

separation of the two layers. The configuration of the proposed
cell element makes it suitable for dual orthogonal or circular
polarized applications.

I. INTRODUCTION

F

REQUENCY-SELECTIVE surfaces are occasionally

used in reflector antenna applications to separate different

bands. Since various rays emanating from the feed impinge

on the reflector with varying angles of incidence, the

antenna performance becomes dependent on the FSS angular

sensitivity y. Reducing the angular sensitivity of the reflection

coefficients is therefore essential for improving the antenna

efficiency [1]. For single-layer structures this was investigated

recently, and reasonable success was achieved for FSS

elements of square patch surrounded by an open circuited

ring [2]. However, since its geometry is asymmetric, it is

not suitable for dual or circular polarization. For such cases

a short circuited ring must be used, but this was found to

have high angular sensitivity when implemented as a single-

layer configuration. In an attempt to reduce the angular

sensitivity, double-layer configurations were considered and

investigated. For similar geometrical patterns on both layers,

the only additional parameter is their separation distance,

which was found to have an important influence on the

angular performance of FSS.

A number of geometrical shapes for the FSS elements were

selected and investigated. For short-circuited rings, satisfactory

results were obtained by adjusting the separation of the layers

in a double-layer configuration. Since the element geometry is

symmetric, it can be used in dual or circular polarizations.

II. THEORY

Method of moment was adopted for numerical simulation of

the reflective characteristics of structure. This necessitates the

derivation of dyadic Green’s function, which has already been

outlined in an earlier publication [3]. The expansion and testing

functions of the unknown currents are selected on both rings

and introduced in moment integrals, to account simultaneously

for the presence of both rings. As a result, the following
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Fig. 1. Side view of the double-layered FSS and its cell element I’z and
Tv are the cell dimensions.

matrix equation results for unknown current coefficients on

the conductors:

(1)

The square matrix on the left is the impedance matrix whose

elements represent coupling between various segments on

the conductors and the first and second subscripts denote

the directions of test and source currents, respectively. The

column vector on the left-hand side is composed of unknown
current coefficients for the electric surface currents along

x or y directions and the column vector on the right-hand

side represents the excitation, which is assumed to be TE

(to z) plane wave. Each of the comprising submatrices of

the impedance matrix can be decomposed further into four

submarines to account for coupling between elements on

the upper and lower interfaces. Therefore. takin~ 2.?, as an
example, it can be expressed as

(2)

where the first and second superscripts show the interface on

which the source and test elements are located, respectively

(“u” for upper and “l” for lower interface). Triangular basis

functions were used as the expansion and testing functions for

the electric surface current densities on the conductors.
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Fig. 2. Frequency dependence of reflection coefficients for different slab
thicknesses of double-layer periodic strnctnres composed of shorted rings.
c1l = 3.5, Oin. = 89.9°, Pin. = O.lO, a= lcm, b=0.64cm, TZ =Tg =
2 cm.
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Fig. 3, (a) Angular sensitivity of reflection coefficients for different slab
thicknesses of doublelayer periodic structures composed of shorted rings.
El = 3.5$ $inc = 89.9°, a = 1 cm, b = 0.64 cm, T. = TV = 2 cm.
(b) Angular sensitivity in the vicinity of c1= 0.4 cm separation.

III. RESULTS

Fig. 1 shows the geometry of the structure, where square

cell elements are etched on both sides of a dielectric slab

with a reflective permittivity of El. A numerical simulation
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Fig. 4. Angular sensitivity at the two resonances of d = 0.4 cm case.

was carried out and the performance of the structure as a

function of slab thickness d was investigated. The result for

the reflectivity of the surface as a function of frequency are

shown in Fig. 2. It indicates that for the small slab thickness,

i.e. d = 0.1 cm, the reflection coefficient is well behaved and

has only a single resonance. However, as the slab thickness

increases additional resonances appear. In particular, a new

resonance at a lower frequency emerges and persists. For this

reason, the angular sensitivity of the structure is investigated

around this resonance. Fig. 3(a) shows the results. The angular

sensitivity deceases around d = 0.4 cm and then increases

by increasing d. To provide more detailed performance data,

Fig. 3(b) is also included. This figure shows the computed

reflection coefficient in the vicinity of d = 0.4 cm, which are

nearly constant and equal to unity. Therefore, for the selected

parameters, the thickness range of d = 0.36–0.46 cm results

in an optimum performance in terms of the angular response,

i.e. a bandwidth in excess of 259Z0for the reflection coefficient

as shown in Fig. 3(b) . Note that for each thickness, when two

adjacent resonances are observed, the lower one was found to

give more superior performance. This behavior is shown in

Fig. 4 for d = 0.4 cm.

IV. CONCLUSION

In conclusion, a numerical simulation was conducted to

investigate the performance of double-layer FSS structures.

The separation of the layers was found to be the dominant

parameter and was used to achieve a perfect angular perfor-

mance. Representative results for short-circuited square rings,

as FSS cell elements, were computed and presented.

REFERENCES

[1]

[2]

[31

C. K. Lee, R. J. Langely, and E, A. Parker, “Single layer multiband
frequency selective surfaces,” IEE Proc, pt. H, paper MOA-132, pp.
411-412, 1985.
J. Shaker and L. Shafai, “Reduced angular sensitivity frequency selective
snrfaces,” Electron. Lett., vol. 29, no. 18, pp. 1655–1657, Apr. 1993.

“Reflection properties of conducting rectangular elements
wd on a dielectric slab,” Canadian J. Phys., vol. 72, no. 5/6,
pp. 299–3 10, May–June 1994.


