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ABSTRACT 

A simple design for a bi-band circularly polarized (CP) 
antenna with the capability of switching its polarization 
between dual-sense CPs is presented in this article, by using 
a monopole loop antenna as a primary radiator as a 
proposed antenna. An additional CP band is achieved by 
controlling the ON/OFF states of two PIN diodes; moreover, 
the reconfigurability of the polarization between right-hand 
CP (RHCP) and left-hand CP (LHCP) at three different 
frequencies 2.8, 3.4 and 4 GHz is realized. For validation, a 
retractable patch antenna design is offered on the basis of a 
distinctive situation analysis. The antenna offers a low 
reconfigurable band and a fixed band at higher frequencies. It 
also presents a reconfigurable low band and a fixed band at 
higher frequencies where the antenna has a simulated 3 dB 
ARBW of 52.8% [1.9-2.5] GHz, while the axial ratio 
bandwidths for both the RHCP and LHCP states were 5.1% 
[1.9-2] GHz, 8% [2.4-2.6] GHz, and 52.8% [1.9-2.5] GHz. 
Located in a reflection bandwidth of -10 dB of 3% [1.62-
1.67] GHz, 8% [2.4-2.6] GHz for RHCP and 3% [1.62-1.67 
] GHz, 8%[2.44-2.64 ] GHz for LHCP. The proposed 
antenna is suitable for wireless applications such as WLAN 
(2.5 GHz) and part of the medium band of WiMAX.. 
 
Key words:      Reconfigurable antenna, broadband antenna, 
circular polarization, bi-band. 
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1. INTRODUCTION 
 

    In many telecommunication applications, particularly for 
the radio-relay, systems must radiate in circular polarization 
antennas with outstanding features and exhibit many 
advantages over linearly polarized (LP) antennas, including 
the ability to mitigate polarization mismatch and establish 
stable communication between the transmitter and receiver 
sides. 
 In recent years circularly polarized (CP) antennas with the 
capability of switching polarization between right-hand CP 
(RHCP) and left-hand CP (LHCP) states have increasingly 
been used in wireless communication systems [1-2]. 
Therefore, this article presents a two-band antenna suitable 
for WLAN applications. The work proposed proposes a 

similar simulation approach, but only in the 5 GHz band. 
However, the proposed antenna operates at 3.4 GHz band, 
which will be a reconfigurable band. Technically our work 
has been proposed to transform the polarization from linear 
mode to circular mode. However, these modifications yield 
narrower 3 dB ARBW than impedance bandwidth (IBW). 
Such as, improving the 3 dB ARBW technique is necessary. 
Many methods have been investigated for this purpose. On 
the one hand, these modifications improve the impedance 
bandwidth, axial ratio bandwidth, and gain. 
 
To achieve these needs, the first solution is to design 
antennas with strip-band properties and reconfigurable 
polarization [3-10]. Array antennas adopted a Wilkinson 
power divider [3] and a phase shifter with a power divider 
[4], for broadband coaxial bandwidth (ARBW). These 
antennas, however, requires complex webs to feed. Other 
antennas were of simple feeding Explore in [3-8]. It can 
consist of an electrode [5] or a magnetic electrode and a 
mixture of dipole [6-7]. This is a wide-open end formation 
and has a tapered composition, which elicits a multi-method 
resonance to achieve broad CP. Instead of using the PIN 
diode electrical switching technique [1-5], other techniques 
have been suggested in [8-9]. The water spiral structure is 
used to perform broadband CP in [8]. The water spiral 
structure was used to perform broadband CP. By controlling 
the water flow between the two channels, the antenna 
polarization is adjusted. Besides, MEMS switches are used 
on an E-shaped radiator to achieve CP reshaping [9]. The 
two E-shaped gaps are used to create various electrical paths, 
which spark a multi-mode echo to achieve a wide range. 
Compared to the PIN diode, the hydro-helical structure and 
MEMS switches seem to cause difficulty in the 
manufacturing process and / or increase the cost. In addition, 
one of the prominent barriers to broadband antennas is 
known to be interference with other radio equipment 
communication systems. 
To address this issue, the multi-band reconfigurable antennas 
have been investigated. In addition, unipolar structures or 
openings are commonly used [10-12]. Arrow keys are set 
symmetrically and the antenna can be switched between 
circular and linear polarization. The method of the load 
switches on the feed structure in [13-15] is used to change 
the antenna operating states. A feed network is used to 
reconstruct LP / LHCP / RHCP in [14] and impedance 
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bandwidth is obtained for both circular and linear 
polarization. In [15], the antenna can provide both LP / CP 
by adjusting the bias states of the variable diodes on the feed 
network. 
Our objective in this article is the development of a new 
proposed antenna reconfigurable in order to achieve a multi-
band CP antenna with radiation characteristics the 
bidirectional polarization. This will allows us to find the best 
antenna performance concerning the gain and bandwidth. 
The proposed design is able to demonstrate two-sense CP 
realization at three different frequencies, by switching the 
state of two PIN diodes. 
The article is divided into four sections. We will start with 
the design proposed antenna geometry. The second section 
describes the evolution of the proposed antenna design in 
order to ameliorate its performance. In the third section, we 
will examine and discuss the influence of the main 
parameters on the antenna performance. Finally, the last 
section presents our proposed PIN-Diode and Switching of 
the CP-Sense and its effects. 
 

2. ANTENNA DESIGN 
 
The geometry of the proposed antenna is illustrated in 

Fig 1. The proposed bi-band reconfigurable CP antenna is 
formed of a square-ring radiator, a parasitic loop and PIN 
diodes; the antenna consists of a rectangular patch with 

length L and width W, where entire dimensions of the 
ground plane are Ls×Ws. The substrate used is Rogers 
RO3003, which is a loss substrate with a dielectric constant 
of εr = 3 and loss tangent tan δ = 0 001. The evolution 
process and the simulated S11 of the proposed antenna for 
each configuration are shown in Fig 2 and 3, respectively. 
The antenna was simulated using the commercial ANSOFT 
High-Frequency Structure Simulator (HFSS). A detailed 
description of each configuration listed as follows.  

 

  
                             (a)                                                          (b) 

Figure 1 : The basic geometry of the reference antenna (a): front 
view and (b): side view. Separation between the two plates is 
1.524 mm 

 
 

3. Evolutionary procedure for the proposed antenna 
 

 
(a)                                                    (b)                                                  (c) 

Figure 2 : Evolutional procedure for the proposed antenna: (a) Configuration 1; (b) Configuration 2; (c) Configuration 3 
 

Figure 2 shows the Evolutional procedure for the proposed 
antenna .by varying the dimensions of the antenna. After 
many optimizations by HFSS as shown in Figure 3, the 
dimensions are shown in Figure 1. A patch antenna is 
implemented by etching off different shapes in the patch, 
which disturbs the shield current distribution depending on 
the configuration of the defect. This disturbance will 
influence the components of a transmission line, for 
example, line capacitance and inductance. It can also manage 

the electromagnetic wave propagating into the substrate layer 
and excitation. Energy is focused around the patch antenna, 
In other words, any defect etched off in the metallic patch of 
the microstrip leads to increasing effective inductance and 
capacitance. 
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Figure 3 : S11: Improvement of antenna characteristics for three 

design configurations. 
 

Configuration 1: In this configuration, Reconfigurable 
Antenna Simulation and Methods. As can be observed in 
Figure 2, is fed by a 50-Ω transmission, with linear 
polarization properties. We see that the reflection coefficient 
S11 is less than -35 dB over the entire band at the resonant 
frequency of 5.7 GHz. The bandwidth of the reflection 
coefficient at –10 dB is approximately 0.92 GHz. On the 
other hand, we note that there is only one PIC of the 
resonance frequencies present in the band the frequencies 
from 5.04 GHz to 5.96GHz as shown in Figure 3. 
Configuration 2: The closed-loop square radiator is fed with 
a closed-loop by a 50-Ω transmission line. The closed-loop 
radiator generates an unloaded position and the square ring is 
rotated 45 ° around the z-axis and fed to a corner. As shown 
in Figure 2 with linear polarization properties, we can see 
that the reflection coefficient S11 is less than -30 dB over the 
entire band at the resonant frequency of 5.9 GHz. The 
bandwidth of the reflection coefficient at –10 dB is 
approximately 0.98 GHz. but a resonance frequency PIC has 
an ultra-wideband from 5.12GHz to 6.1GHz.as shown in 
Figure 3. For a conventional circular antenna, resonance is 
estimated using the following equation [16]. Figure 2 shows 
the Evolutional procedure for the proposed antenna .by 
varying the dimensions of the antenna. After many 
optimizations by HFSS as shown in Figure 3, the dimensions 
are shown in Figure 1. A patch antenna is implemented by 
etching off different shapes in the patch, which disturbs the 
shield current distribution depending on the configuration of 
the defect. This disturbance will influence the components of 
a transmission line, for example, line capacitance and 
inductance. It can also manage the electromagnetic wave 
propagating into the substrate layer and excitation. Energy is 
focused around the patch antenna, In other words, any defect 
etched off in the metallic patch of the microstrip leads to 
increasing effective inductance and capacitance 

Configuration 3: In this configuration, the square ring is 
rotated 45° around the z-axis [17–20] by using the 
Bandwidth and gain improvement of a circularly polarized 
dual-rhombic loop antenna in [17] and Broadband circularly 
polarized crossed dipole with parasitic loop resonators and 
its arrays in [18].Etching off two rectangles and two triangles 
in the patch, and fed in one corner. The PINs, D1 and D2 
using techniques to Dual-band reconfigurable circularly 

polarized monopole antenna in [21] are inserted into the 
radiant arm of the square ring which disturbs the shield 
current distribution depending on the configuration of the 
defect. This disturbance will influence the components of a 
transmission which disturbs the shield current distribution 
depending on the configuration of the defect. This 
disturbance will influence the components of a transmission 
line [22–24]. To further improve the IBW, Configuration 3 is 
performed. A technique of using a notch antenna plane to 
fine-detune the antenna’s input impedance, which has been 
thoroughly investigated in [25], is applied. The notch 
antenna only affects IBW at a high-frequency region, which 
ARBW of reflection bandwidth of -10 dB of 8% [2.4-2.6 ] 
GHz ,and The gain at less than 10 dB ARBW is 43 dB at 2.5 
GHz, as shown in Figure 3. The best antenna performance 
was achieved with notch dimensions Wn, Ln as shown in 
Figure 2. 

 

4. Parametric Study 
 

In this section, we examine the influence of the main 
parameters on the antenna performance. The outer width 
(W), the outer length (L), and the internal lengths (W2) of 
the square ring, which determine the circumference of the 
square ring are considered. While changing the parameter, 
the other parameters are fixed to their optimum values, as 
mentioned in the explanation of Figure 2. However, (W2) 
changes the variable around each square ring. For more 
clearly noticing the effect of (L) and (W), while the 
parameter (L) is adjusted and (W) varies. 
Figure 4 and 5 shows the effect of W and L on antenna 
performance. Varying W and L that has a strong effect on the 
CP model, increasing W not only increases the 
circumference of the loaded square-ring but also increases 
the electrical path of the surface currents distributed on the 
parasitic loop, due to the electromagnetic coupling.  

When the W was 31 mm, the reflection bandwidth 
ARBW of -10 dB at frequencies of 1.65 and 2.5 GHz was 60 
and 200 MHz respectively, besides a higher gain. On the 
other hand, when W was 31.5 mm, we notice that the 
bandwidth still the same at the news frequencies of 1.63 and 
2.52 GHz respectively. Also when W was 30 mm, the 
reflection bandwidth ARBW did not change at frequencies of 
1.66 and 2.54 GHz respectively. For the Varying L, when the 
patch length was 28.5 mm, the reflection bandwidths ARBW 
of -10 dB were 80 and 220 MHz at frequencies of 1.5 and 
2.5 GHz, respectively. When the patch length was 29 mm, 
we observed a new reflection bandwidth ARBW equal 60 
and 200 MHz, for the same frequencies, besides a higher 
gain at 2.5 GHz. Either when L was 29.5 mm, a new 
reflection bandwidth ARBW of -10 dB was 50 and 180 MHz 
appears at the same frequencies, plus a higher gain at 1.5 
GHz. 
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Figure 4 : S11: Effect of W on antenna performances 

 

 
Figure 5 : S11:  Effect of L on antenna performances. 

 

Figure 6 shows the antenna performance in W2 variation. 
S11 from 3.4GHz CP mode is sensitive to W2 change, while 
medium and high frequency antenna performance is 
independent of W2 change. As the W2 increases, the 
circumference of the inner ring increases, and therefore, the 
CP mode moves at 3.4GHz to a lower frequency. This also 
confirms that setting the CP at 3.4GHz is excited by surface 
currents, near the inner edge of the load Square ring, in 
which the reflection bandwidth  ARBW of -10 dB is 50 MHz 
[1.62-1.67 ] GHz and 200 MHz  [2.4-2.6 ] GHz, for Varying 
W2 equal 4 mm. When W2 was 3.9 mm, the reflection 
bandwidth ARBW of -10 dB was 50 MHz [1.64-1.69] GHz 
and 210 MHz [2.41-2.62] GHz. When W2 was 4.1 mm, the 
reflection bandwidth ARBW of -10 dB was 50 MHz [1.65-
1.7] GHz and 200 MHz [2.43-2.63] GHz.    

 
Figure 6 :S11: Effect of W2 on antenna performances. 

 
The below table highlights different results of -10 dB 
reflection bandwidth ARBW and the return loss at specific 
frequencies for a several values of W, L and W2.  
   

Table 1. : reflection bandwidth and Return loss for several values 
of W, L and W2.    

 

 
 

 
 

5. PIN-Diode and Switching of the CP-Sense 
The ability to switch between RHCP and LHCP in triple 

CP bands by using two PIN (D1, D2), Micro semi MPP4203 
[26], which is used to direct and control the distribution of 
the surface current in the antenna and therefore, the currents 
flow tuning can be performed by varying state of the varactor 
diodes D1 and D2, Obtained using the reflection line 
calibration (TRL): resistor (RS = 3.5 Ω) and inductor (Ld = 
0.45 NH) in series for the state of ON, capacitor (Ct = 0.08 
pF) and resistor (Rp = 3 kΩ) in parallel and series with 
inductor (Ld = 0.45 NH) for the state of OFF. RHCP when 
D1 ON and D2 OFF, and LHCP radiates when D1 OFF and 
D2 ON. 

Dimensions 
values  
(mm) 

−10 dB Reflection 
Bandwidth (GHz) 

Return loss (dB) at 
Frequency 

W = 30.5 3% [1.61-1.66 ] GHz 
 8% [2.41-2.61 ] GHz 

−18. 2 at 1.68 GHz 
−37.4 at 2.515 GHz 

   

W = 31 3% [1.62-1.67]  GHz 
8% [2.4-2.6 ] GHz 

−18. 2 at 1.665 GHz 
−43 at 2.5 GHz 

W = 31.5 3% [1.63-1.68]  GHz  
8% [2.42-2.62 ] GHz 

−18 at 1.645 GHz 
−28.2 at 2.525 GHz 

L = 28.5 5.3%[1.63-1.72] GHz  
8.7% [2.4-2.62 ] GHz 

−42 at 1.68 GHz 
−18 at 2.5 GHz 

   

L = 29 3% [1.62-1.67 ] GHz  
8% [2.4-2.6 ] GHz 

−18. 2 at 1.665 GHz 
−43 at 2.5 GHz 

   

L = 29.5 3.5% [1.64-1.7]  GHz 
 8% [2.4-2.6 ] GHz 

−19. 2 at 1.638 GHz 
−41 at 1.5 GHz 

W2 = 3.9 3% [1.64-1.69 ] GHz 
 8.3%[2.41-2.62]GHz 

−18 at 1.65 GHz 
−42.8 at 2.504 GHz 

W2 = 4 3%[1.62-1.67]  GHz) 
8%[2.4-2.6]  GHz 

−18. 2 at 1.665 GHz 
−43 at 2.5 GHz 

W2 = 4.1 3% [1.65-1.7 ] GHz  
8 % [2.43-2.63]  GHz 

−17. 6 at 1.7 GHz 
−42 at 2.52 GHz 



Mohamed Bikrat et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.5), 2020, 46 - 52 

50 

 
Figure 7 PIN diodes equivalent scheme 

 

 
 

Figure 8       : Simulated reflection coefficients of the proposed 
antenna for both  states With and Without diode. 

  
In Figure 8, we see that for the case with the diode the 
reflection coefficient shows a good adaptation of the 
antenna around 2.5 GHz, which ARBW of reflection 
bandwidth of -10 dB is 8% [2.4-2.6] GHz, and the gain at 
less than 10 dB ARBW is 43 dB. On the other hand for the 
case without diode, the antenna does not make sense 
because reflection bandwidth ARBW of -10 dB is null. 
 

 
Figure 9 : Simulated reflection coefficients of the proposed 

antenna for both CP states. 

 
Figure 10 : Simulated ARs of the proposed antenna for 

both CP states. 
 

In Figure 9 and Table II we see that the reflection coefficient 
for the polarization (LHCP) and the polarization (RHCP) 
show a good adaptation of the antenna around 2.5 GHz. 
The simulated   3 dB AR bandwidths are 52.8% [1.9-2.5 
]GHz for LHCP,   5.1% [1.9-2]GHz, and 8%[2.4-2.6]GHz 
for RHCP, at the UHF and 2.4 GHz bands as shown in 
Figure10 and Table II. 

 

Table 2. : Reflection bandwidth and AR bandwidths AND Return 
loss for both CP states.    

 

 
Figure 11 : Simulated radiation patterns on the x-z plane 

at 2.8 GHz. 
 

 
Figure 12 : Simulated radiation patterns on the x-z plane at 3.4 

GHz . 
 

CP 
states 

3 dB AR 
bandwidths 

−10 dB Reflection 
Bandwidth (GHz) 

Return loss (dB) at 
Frequency 

RHCP 5.1%[1.9-2]  GHz 
8% [2.4-2.6]  GHz 

3% [1.62-1.67]  GHz 
 8% [2.4-2.6 GHz] 

−18. 2 at 1.65 GHz 
−43 at 2.5 GHz 

LHCP 52.8%  [1.9-2.5]  
GHz   

3% [1.62-1.67]  GHz  
8% [2.44-2.64 ] GHz 

−18. 4 at 1.6 GHz 
−56 at 2.5 GHz 
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Figure 13 : Simulated radiation patterns on the x-z plane 

at 4 GHz. 
 

The simulated normalized radiation patterns for 2.8 GHz, 3.4 
GHz, and 4 GHz are displayed in Figures 11, 12 and 13. The 
proposed antenna radiates LHCP and RHCP. Besides, the 
radiation patterns of the proposed antenna at 2.8 GHz, 3.4 
GHz, and 4 GHz, at all frequencies. The gain of LHCP was 
greater than RHCP when D1 ON and D2 OFF but on the 
contrary when D2 ON and D2 OFF. 

 

4. CONCLUSION 
 
We have designed a patch antenna operating around 3 

GHz. The antenna can operate around 3 GHz on left or right 
polarization according to the different states of the diode. 
The patch proposed a simple and easy to implement 
configuration is proposed for variable polarization antennas, 
validated by simulation results, the proposed antenna is 
suitable for wireless applications, as the operating range is 
modified by modifying the antenna design parameters such 
as W, L, and W2. This is the study obtaining reconfigurable 
CP radiation at three separate frequencies using only two 
diodes. 
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