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ABSTRACT: This paper deals with the design of a patch type frequency selective surface (FSS). The structure
comprises of metallic patches being sandwiched between two dielectric layers of the same material (¢,=2.4) and equal
thickness (1.6mm). The initial -10dB percentage bandwidth was 2.97%, which eventually is enhanced to 33.60%. The
first resonant frequency is decreased by 31.6%, so the design offers more than 50% compactness and in addition, offers
multiple bands too.
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I. INTRODUCTION

A typical frequency selective surface is a two-dimensional metallic array printed on a dielectric slab or array of
apertures within a metallic screen, separated by some finite periodicity from each other [1]. When the FSS is
illuminated with plane wave, it acts as a microwave filter by allowing some frequencies to transmit through and some
to reflect back. Two types of generic geometries of FSS are there. The first one, commonly known as patch-type, acts
as a band-reject filter, exhibits total reflection at the resonating frequency, and another type is aperture-type, which
exhibits total transmission at resonating frequency, thus performs as a band-pass filter [2]. For an FSS unit cell, there is
a relationship between the dimension of the patch and the frequency at which that structure would resonate, involving
wavelength. For any periodic surface to have a stable resonant frequency with angle of incidence, the inter-element
spacing should be around 0.4 [3]. In recent years, FSSs are used as filters in the wireless communication system [4].
FSSs are used in airborne radomes, absorbers, and electromagnetic band gap material etc [5].

In this paper, initially an FSS design is proposed which has an extremely large periodic boundary, to attain the practical
resonant frequency identical to the calculated one, thus giving an extremely low bandwidth, and ultimately an
optimised design is achieved by certain modifications to present a compact-wideband frequency selective surface with
multiband operation facility[6-8]. The structures are all simulated in Ansoft designer version 2.

1. FSSUNIT CELL DESIGN

The basic FSS unit cell consists of a metallic patch (material copper, dimension 50mm x 25mm and negligible height)
sandwiched between two dielectric substrates (material GlassPTFE, height 1.6mm, relative permittivity(e,) 2.4, and
dimension 100mm x 125mm), as shown in Figure 1. The grey portion represents the dielectric layer and the dark
portion represents the metallic patch.
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Fig 1. Proposed Design

To proceed towards a desired result, an intermediate design is obtained by altering the initial design, with introduction
of multiple patches within the periodic boundary as shown in Figure 2.0n further modification, the final design is
presented, which consists of various circular slots of variable radii over the metallic patches as shown in Figure 3.
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Fig 2. Intermediate Design Fig 3. Final Design

I11. RESULTS

These structures are subjected to normal plane wave excitations and their transmission characteristics are analysed
using Ansoft designer version 2. The normalised transmission characteristics acquired for the initial structure is shown
in Figure 4. It gives a resonant frequency at 2.02GHz and a bandwidth percentage of 2.97%.
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Fig 4. Transmission Characteristics for the structure shown in figure 1

The transmission characteristic for the intermediate design is shown in Figure 5. It gives three bands. The first
resonates at 1.72 GHz having a percentage bandwidth of 1.74%, the second resonates at 1.96 GHz and having a
percentage bandwidth of 5.61%, and the third resonates at 2.90 GHz with a percentage bandwidth of 19.66%.
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Fig5. Transmission Characteristics for the structure shown in figure 2

The transmission characteristics obtained for the final design is shown in Figure 6, which also offers a triple band, the
first resonating at 1.66 GHz gives a percentage bandwidth of 2.41%, the second resonates at 1.93 GHz and gives

percentage bandwidth of 3.63%, and the third band resonates at 2.54 GHz providing a comparatively wide band of
percentage bandwidth 33.47%.
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Fig 6. Transmission Characteristics for the structure shown in figure 3
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IV. PARAMETRIC STUDY

Further a parametric study of the final design is put forward by varying the length of certain patches within the periodic

boundary and keeping others constant as shown in Figure 7 and 8. The relative variation of the transmission
characteristics is shown in Figure 9.
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Fig 9. Transmission Characteristics of the structure for variation of length of certain patches

An optimization has been done by investigating the effect of variation of length of the patches on the transmission
characteristics, and the ultimate result is obtained for the structure shown in Figure 10. The transmission characteristics
is shown in Figure 11, which again offers three bands, the first resonates at 1.38 GHz with a percentage bandwidth of

15.22%, the second resonates at 1.71 GHz with a percentage bandwidth of 5.26% and the third wider band resonates at
2.59 GHz with a percentage bandwidth of 33.60%.
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Fig 10. Ultimate Design
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Fig 11. Transmission Characteristics for the structure shown in figure 10

The cut-off frequencies, resonant frequencies, bandwidths, and percentage bandwidths attained by this variation of
patch-length are summarised in Table 1.

TABLE 1
OBSERVATION TABLE

Patch length | Lower cut- Resonant Higher cut- Bandwidth (in GHz) | Percentage

off frequency | frequency fg off frequency Bandwidth

f_ (in GH2) (in GH2) fy (in GH2)
63mm 1.63 1.66 1.67 0.04 241

1.87 1.93 1.94 0.07 3.63

211 2.54 2.96 0.85 33.47
69mm 1.64 1.66 1.67 0.03 1.81

1.75 1.82 1.84 0.09 4.95

2.10 2.53 2.96 0.86 33.99
81mm 1.52 1.58 1.60 0.08 5.06

1.65 1.72 1.75 0.1 5.81

2.10 2.53,2.75 2.96 0.86 33.99
93mm 1.22 1.38 1.43 0.21 15.22

1.65 1.71 1.74 0.09 5.26

2.09 2.59 2.96 0.87 33.59
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V. CONCLUSION

Initially the periodic boundary is taken 0.5\ to tally the simulated resonant frequency with the calculated one. As the
periodic boundary is extremely large so obviously the bandwidth came out to be extremely narrow with a percentage
bandwidth of 2.97% and resonating at 2.02 GHz. By gradual modification of the initial design, three milestones have
been reached, firstly three bands have been obtained with all having percentage bandwidth greater than 5%, secondly

the

resonant frequency of the first band was attained at 1.38 GHz thus giving a left shift of the resonant frequency by

31.68%, which provides an increased compactness by more than 50%, and lastly the third band came out to be quite
wide with a percentage bandwidth of 33.60%, resonating at 2.59 GHz. Thus the design may serve as a compact-
wideband frequency selective surface with multiband operation facility in L and S band.
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