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Abstract—This paper presents a high-gain reconfigurable 

antenna that uses PIN-diode-switched frequency selective 

surfaces (FSSs). The proposed antenna is prototyped for 5G 

applications, operating at 3.5 GHz. Numerical characterization 

of the structure is performed using CST Microwave Studio. 

Four cases of diode configurations are analyzed, confirming the 

design approach of the circuit for steering the beam and 

enhancing the gain.  
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I. INTRODUCTION 

Recently, there has been increasing growth of 
communication systems due to the emerging demands on 
quality and capacity, which stimulate interest in 
reconfigurable antenna technologies [1]. By adapting their 
operation characteristics, such as radiation pattern, resonance 
frequency, bandwidth and polarization, reconfigurable 
antennas can enhance communication quality, improve energy 
efficiency and reduce effects of interfering signals [2]–[4].  

Several methods for the design of reconfigurable antennas 
have been reported which include steering the beam by 
introducing parasitic elements in stacked [5] or planar [6] 
configurations, exciting different working modes of a single 
antenna [7], reconfiguring the electrical structure of the 
antenna [8], etc. Frequency selective surfaces (FSSs) have 
become a viable option to reconfigure antennas’ properties [9, 
10]. The FSS can be electronically reconfigured by varying its 
characteristics with active devices such as varactor [11] or PIN 
diodes [12], resulting in the control of its transmission and 
reflection properties and the change of frequency responses by 
modifying the equivalent geometry, hence altering the 
radiation pattern of the antenna.  

This paper focuses on the development of an antenna using 
four PIN-diode-switched FSS arrays to reconfigure its 
radiation pattern for 5G applications. It is analyzed for four 
different cases of antenna reconfigurability. 

II. FSS DESIGN 

FSSs are formed of basic elements etched on a dielectric 
substrate, arranged in a planar periodic structure, which 
provides filtering properties that can pass or block 
electromagnetic waves. The FSS frequency response depends 
on the substrate thickness h, and permittivity εr, the geometry 
of the planar circuit and the spacing between the elements 
within the structure, the periodicity and polarization of the 
incident wave [13] (Fig. 1). 

The reconfigurable FSS (RFSS) proposed in this paper is 
based on the four-arms star geometry, which has been 

previously demonstrated to be applicable to reconfigurable 
antennas [14] and FSSs [15]. Initially, the unit cell dimension 
is defined as Wx = Wy = 30 mm, approximately a third of a 
wavelength, and then a rectangular patch is designed as Lx = 
Ly = 22 mm, where the arms are shaped. From the edges, lines 
cross the rectangular patch with dx = dy = 3 mm, and the four-
arms star geometry is achieved. The switch point is positioned 
in the center by a small rectangular patch of sx = sy = 3 mm, 
with a gap of g = 1 mm. Bias lines are added with width b = 1 
mm to all arms in the horizontal direction. The final geometry 
and its parameters are illustrated in Fig. 2. 

 

Fig. 1. Parameters that affect the FSS frequency response.   

 

Fig. 2. Four-arms star geometry parameters and PIN-diode inserted. 

The RFSS was designed on a Rogers Duroid/RT 6002 
dielectric substrate with εr = 2.94, h = 0.508 mm, and loss 
tangent of 0.0012, and simulated in CST Microwave Studio. 
The PIN diodes used are Infineon BAR 64-03, inserted at the 
switch point as shown in Fig. 2. Using a biasing voltage, the 
PIN diodes are switched to off- and on-states, hence the 
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geometry’s effective length and its respective resonance 
frequency changes.  

The four-arms star geometry with PIN diode is 
polarization dependent and its transmission coefficient results 
are presented in this section. The proposed FSS was designed 
for 3.5 GHz, and Fig. 3 illustrates the results of transverse 
electric (TE) polarization (vertical in Fig. 2) for the off- and 
on-states with resonant frequencies at 5.9 GHz and 3.47 GHz, 
respectively. The resonant frequency in the off-state is 
approximately twice when compared to on-state due to fact 
that the geometry in that state is composed of two separate 
parts. Fig. 4 presents the results of transverse magnetic (TM) 
polarization (horizontal in Fig. 2) for the off- and on-state; in 
this case the resonant frequencies for both states remain 
practically the same at 6.72 GHz and 6.71 GHz, respectively. 
This is due to the fact that the electric field in this polarization 
is perpendicular to the PIN-diode leads, thus the switching 
operation is of hardly any effect.  

 

Fig. 3. Frequency response of the RFSS in TE polarization. 

 

Fig. 4. Frequency response of the RFSS in TM polarization. 

III. RECONFIGURABLE ANTENNA 

The primary antenna chosen in this work is a dipole due to 
its well-known omnidirectional radiation pattern. The antenna 
was designed for the same resonance frequency of the RFSS, 
when the PIN-diodes are in their on-state (3.5 GHz), with a 
total length of 35 mm. The distance from the dipole to the 
centers of the FSSs is 60 mm. 

The reconfigurable antenna consists of four FSS arrays of 
4 × 4 elements placed with an angle of 45° in relation to the 
centered point, where the dipole is located (Fig. 5a). The 
proposed antenna has four cases of operation, where the PIN-
diodes in certain section of the FSSs are in off- or on-states, as 
shown in Fig. 5b. When the diodes are in the off-state, the FSS 
has a high transmission coefficient at the desired frequency, 
allowing the incident electromagnetic (EM) waves to pass.  In 

the on-state, the FSS has a high reflection coefficient, 
reflecting the incoming EM wave. Thence, this mechanism 
converts the omnidirectional radiation pattern of the dipole 
into a directive one. By switching the states, the beam can be 
reoriented, and its gain is enhanced.  

               

       (a) 

 

 

(b) 

Fig. 5. Reconfigurable antenna: (a) schematic and (b) diodes configuration. 

Fig. 6 shows the radiation pattern for the first case (Case 
I), when all diodes are in the off-state. In this case, the FSSs 
let the incident EM wave pass due to the fact that their 
resonant frequency is different from that of the dipole. 
Therefore, it can be observed that the radiation pattern follows 
an omnidirectional behavior, with a gain of 1.8 dBi. 

 

Fig. 6. Radiation pattern of the proposed antenna for Case I at 3.5 GHz. 

In the second case (Case II), shown in Fig. 7, one FSS 
sector is switched so that its diodes are in the on-state, thus 
reflecting the EM wave and steering the beam in the opposite 
direction. This makes the radiation pattern more directive 
when compared with the dipole, with maximum gain of 7.46 
dBi at θ = 225° and a Half Power Beamwidth (HPBW) of 
66.6°.  

Two FSSs have their diodes in the on-state in the third case 
(Case III), where the beam is steered away from them. The 
maximum gain of around 7.7 dBi is obtained at θ = 210° and 
330°, the gain at θ = 270° is 4.47 dBi. It can be seen that in 
this case, the radiation pattern of the antenna system is also 
directive. When compared to the previous case, it has a gain 
improvement towards the side directions. 

Off-state   On-state 

      Case I   Case II            Case III     Case IV 
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In the last configuration (Case IV), FSS 1, FSS 2 and FSS 
3 (Fig. 5a) have their diodes in on-states, blocking the EM 
wave in their direction, which directs the beam toward FSS 4. 
The gain is enhanced to 10.2 dBi at θ = 225° with a HPBW of 
38.2°. 

Obviously, the beams of Cases II, III and IV investigated 
here can be rotated by 90°, 180° or 270° if the respective other 
FSS’s are switched to their on-states. This makes the proposes 
antenna configuration a viable option for 5G beam switching 
applications. 

 

Fig. 7. Radiation pattern of the proposed antenna for Case II at 3.5 GHz.. 

 

Fig. 8. Radiation pattern of the proposed antenna for Case III 3.5 GHz.. 

 

Fig. 9. Radiation pattern of the proposed antenna for Case IV at 3.5 GHz.. 

IV. CONCLUSION 

In this paper, the development of a reconfigurable antenna 
using PIN-diode-switched FSSs operating at 3.5 GHz is 
detailed. Four cases of diode configurations are considered, 
showing that when the diodes are in on-states, the FSSs reflect 
the EM wave and consequently steer the beam. Numerical 
results show an increase in gain for cases II, III and IV. The 
proposed antenna shows to be a good and easy option to be 
used for applications (e.g. 3.5 GHz 5G) where the control of 
beam directions is needed. 
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