Proceedings of Engineering and Technology Innovatol 23, 2023 pp. 15-22

Design and Performance Analysis of Band Pass Filtétsing Frequency

Selective Surface for 5G Communication

Muhammad Haroon TarfgMuhammad Noaman Zatfid

IALBA-The American College of Greece, Athens, Greece

2School of Information, Hunan University of Humaegj Science and Technology, Loudi, China
Received 24 January 2022; received in revised fofrduly 2022; accepted 21 July 2022
DOI: https://doi.org/10.46604/peti.2023.9313

Abstract

In recent years, frequency selective surfaces (H&8® been extensively investigated in terms eif tthesign
and practical applications at microwave and opfiejuencies. This study proposes a new designF&% layer,
which is directly placed over the surface of areanti to enhance its characteristics such as ditgctirequency
selectivity, radiation efficiency, and gain. In theposed design, two different substrates are tseaalyze the
improved performance of the FSS layer. For thisppse, FR-4 Epoxy and Duroid 5880 are used for cost
effectiveness and to achieve the optimized perfoneaf the antenna. The simulated and measuretisrese in
good agreement, indicating the enhanced performainmetenna for WLAN and WiMAX applications. Fingliit is
concluded that the proposed FSS layer ensures#igbssible results of the filtering responséiaditst null gives

divergence of more than 10 dB with its peak valyet.
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1. Introduction

Frequency selective surfaces (FSSs) are periodfacas that are used as filters and are composadabr three
dimensional lattices. The FSS can provide a widdlsémucture to certain frequency ranges and deaad pass filters or band
stop filters [1-4]. The characteristics and perfante of the FSS as filters have been validatedréniqus studies. For
example, Zhu et al. [4] proposed an antenna with KBS, which enhanced 40% antenna performancefégtiag the
bandwidth and improving the gain up to 5.6 dBi. TH®S is a potential way to work efficiently eventire presence of

interference [5].

The complementary FSS and fractal FSS were anabrédesigned based on the resonance phenomehaNe-ét al.
[8] presented wideband gridded square frequen@ctet services for electromagnetic (EM) wavestdpdand (4 GHz - 7
GHz) was achieved using two cascaded layers df#&[9]. A wide frequency tunable FSS in a rangé.5{GHz — 5.8 GHz
for EM shielding applications were discussed [1]-B8az and Campos [14] investigated the use oftB8 with multifractal

geometry with a very simple structure.

The research community has turned their focus tdwee FSS considering their effective performamcagplications,
such as polarizers, beam splitters, antennas, RADASSS section reduction, absorbers in militaryd asatellite

communication [15-20]. The dealings among the oeils help end into the frequency assortment distianess. Hence, a
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huge amount of unit cells is required for in-quagtihe actual frequency selective property [10,21922]. In this method,
besides using a resounding configuration as threassi unit of the frequency discerning area, distiecentity cells with few
definitions are utilized. The subject entity cddishave as lumped capacitive and inductive elenzerdsre finely arrayed, so

they are joined to make up the electric and magnelils of an incident ray, respectively.

This study reports a novel design of a bandpass by using the FSS for WLAN and WiMAX at the frespcy of 5 GHz.
The proposed FSS layer is designed and simulatiéng ijommercially available softwaréhigh frequency structure simulator
(HFSS). To support the simulated results, a coapieeasurement setups, which will be described,late considered using
a network analyzer, signal generator, spectrunyaagland anechoic chamber (facility at the Nafidh@versity of Sciences

and Technology, Pakistan).

2. Design Geometry

Two different substrates were used to analyze #énopmance of the FSS during design process. Semaaterial FR-4
Epoxy is utilized at first to see the results. Télative permittivity of the substrate is 4.4 ahd height is 1.6 mm. The second
substrate utilized is Duroid 5880 in lieu of thégtive FR-4. The relative permittivity of Duroid8B0 is 2.2 and the height is
same as the one in the first case, i.e., 1.6 mm.dElsign geometries of the FSS using both substaatedepicted in Fig. 1 and
Fig. 2, whereas the dimensions (lengtwidth depth) of the designed geometries are given ineThb

Fig. 1 Design geometry of the FSS at 5 GHz usinglFR Fig. 2 Design geometry of the FSS using Dus&@#f0/Rogers RT

Table 1 Design parameters of the FSS’s unit cell

Using FF-4 as a substre
Parametel | Dimension (mmr | Parametel | Dimension (mm
w1 15 L2 13
W2 75 D1 12
L1 15 - -
Using Duroid 5880 as a substi
w1 85 L2 15.%
W2 17 D1 6.8
L1 17 D2 2.€

A periodic surface is molded when identical eleraare stacked in an infinite array of one or twoetisions [23]. An
incident plane wave and the attached generatoigedpp individual elements are two primary methsalexcite a periodic
array. The incoming plane wavig)is partially transmitteds;) in the forward direction and partially reflectél) specularly
in the former type. In resonance, the reflectedev@y) equals the incident wav&], whereas the transmitted sign@i) (is

zero. is the specular reflection coefficient and carekpressed as in Eq. (1).

= (1)
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Likewise, the transmission coefficient (T) can Bpressed as in Eq. (2)

T= % 2
Columbic energy, associated with the electrostatices of a system of particles, could be develaopitid the help of a
capacitor, which can be fashioned by involving @edent conductors at singular DC levels [24]alf electric (E) field is
established between two conductors, it means tiseaeformation of a capacitor. From the electrodyita concept, the
inductive consequence can be achieved by excitiagges in a conductor. Likewise, the inductor cafoomed subject to the
conductive wire in the magnetic field that is chealgle w.r.t time [25]. Therefore, filters can bedified as per application

requirements by changing the dimensions of a pattie design geometry.

3. Results and Discussion

3.1. Simulated results
The FSS is employed on the surface of the antenatiin the filter response. The filter resporfsengies as the distance

between the antenna and FSS are changed. To ggitthezed distance between the patch and FSSaangdric analysis for
various distances (0-50 mm) is conducted using HFSS
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Fig. 3 S(2,1) and return loss at 5 GHz with FR-4 g. BiS(2,1) and return loss at 5 GHz with

Duroid 5880/Rogers RT

30 (mm)

Fig. 5 Antenna and FSS setup in HFSS

FSS patches create inductantg dnd resistanceRj, while FSS gaps create capacitanCg {[This simple electrostatic
principle applies to different FSS elements, d.gpf two parallel wires an@ created by a parallel plate capacitor. Therefore,
these capacitive and inductive elements are cordbiiméorm a filter response. Changing the FSS dbimeral parameters
alters thd. andC values. When an FSS unit cell is illuminated byedhwave, it becomes an analogous resonance cifidugt
resonance frequency can be calculated by Eq. (8rel andC are the equivalent inductance and capacitance B&& unit

cell.

f:; 3
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The simulated response of the bandpass filter ugiagmaterial FR-4 Epoxy is shown in Fig. 3 and. Figwhich
demonstrate the S(2,1) parameters and return fake dandpass filter using Duroid 5880 at 5 GHze Bptimum distance
range between the antenna and the FSS is 5-10 nuemasted in Fig. 5, and the simulated resultsetfinn loss after
employing the FSS is shown in Fig. 6.

-12

-17

Fig. 6 Return loss after employing the FSS at tadée of 1 mm ~ 50 mm

3.2. Measured results

To achieve precise outcomes, an intermittent aganagt of base cells is shown in Fig. 7, the antesrehown in Fig. 8
is considered, and the FSS is machined manually poit S(2,1) is examined after measuring restdts the vector network
analyzer (VNA). Firstly, the port S(2,1) is monigorwithout the FSS with antennas on both portsiAVthe port S(1,1) is
gauged whereas the FSS is placed with the ant@hessimulated results before and after employiegRES are depicted in
Fig. 9.
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Fig. 9 Comparison of simulated results for S(1,thand without the FSS at 5 GHz
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It is observed that bandwidth (BW) becomes narrowién improved selectivity. As the BW is taperelde tselectivity
boosts. The first curve is for antenna without B85S, the second curve is with FSS placed betweearntennas with the

substrate is of material FR-4, and the third curas superior traits. The bandpass behavior of 8&iE depicted in Fig. 10.

Fig. 10 Bandpass response measurement of S(2f1}heit-SS at 5 GHz

The antenna radiation efficiency is good with amefoss of -32 dB, accentuating a fine efficieahtpass filter response
in the presence of the FSS. A boost in the recgigapability of the antenna is observed since ek value rapidly raised
from -13 dB to -2.5 dB. To further investigate fieformance of the FSS and the antenna elememthearest is performed
with the help of a signal generator tuned at 5 Ghlzomparison of the received power is given inskityl (a) and (b), where
two identical antennas are used at the transnaittdreceiver. At a distance of 1 meter, the FSSalilesto bring the receiver

power from -18 dBm to -12 dBm, significantly imping the antenna receiving efficiency.

(a) Power received in the absence of the FSS (bdiRed power after employing FSS antennas

Fig. 11 Power analysis of FSS antennas
4. Chamber Results

To analyze the radiation patterns, the antennaested in an anechoic chamber. This process ¢sadisvo setups. The

1st antenna is tested without the F&8¢ then the radiation pattern is investigatedhegresence of the FSS. The complete
setup of the fabricated antenna is shown Fig. 12.

The FSS structure serves as an effective reflediverting the majority of the wasted energy frone undesirable
direction to the desired direction without impadrithe performance of the meta-material antennarrétiss [24]. The most
important objective of the FSS on the superstiaerlis to provide protection for the microstrigeama with less insertion

loss and the enhanced radiated signal. Furtherni@eisage of FSS decreases the complexity ofdhedeiver by removing
the band pass filters.



2C Proceedings of Engineering and Technology Innovatvol 23, 2023 pp. 15-22

Fig. 12 Antenna and FSS setup in anechoic charobeadiation analysis

Two 2D emission patterns are depicted in Fig. 18 3D patterns are shown in Fig. 14. There is are@se in the
directivity, and it's in the XY plane. The improvgdin can be noticed in Fig. 10, where S(2,1) itebevith forming a filter
containing sharp edges. Also, the improved gainrbdsced the bandwidth up to 300 MHz.

(a) Without FSS (b) With FSS

Fig. 13 Two dimensional radiation patterns at 5G

(a) Without FSS (b) With FSS
Fig. 14 Three dimensional directivity of the antarat 5 GHz

5. Future Trends of FSS

The future of the FSS can be projected based atirgxipatterns, as there is massive innovativearebegoing on. Sharp
band edges, broader bandwidth, stability (whichta@ios the variation of incident angle), and EM wawdarization are the

required characteristics of an FSS. Some impogpplications of the FSS are summarized in Table 2.
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Table 2 Summary of practical application of the FSS

Sr. No. Applications Sr. No. Applications
1 Double curved FSS servi 6 Smart absorbers F.
2 Tunable and software defin FSS: 7 FSS for high power radar communica
3 Metamaterial FSS for satellite communica 8 FSS for wireless power transfer applicat
4 Wearable sensing F. 9 Dynamically reconfigurable FS
5 Chiples: passive structure strength monitoring | 1C FSS for isolating unwanted and harmful radic

6. Conclusions

A frequency selective surface is designed on Dub880/Rogers RT for wireless and microwave comnatioos that
can be used as a band pass filter. The FSS istptercthe surface of an antenna and complicatedamitBMA connector of 50
(input impedance) to get the required results floennetwork analyzer and anechoic chamber. Thelated and measured
results have a good resemblance. Filtering respisriedts best possible results as the first imuiving divergence of more
than 10 dB with its peak value. Impedance bandwigltiulfilling the requirements for the 5G commuation applications
such as WiIMAX 5.2 GHz and WLAN (5.15 GHz ~ 5.35 GHtzquency bands (for wireless communications).
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