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Abstract. This study presents the design and analysis of a miniature circularly polarized spiral antenna 
incorporating a frequency reconfiguration mechanism based on two PIN diodes, enabling broadband 
coverage dedicated to IoT applications below 6 GHz. The antenna is fabricated on a Rogers RT-5880 
substrate, selected for its low losses and high electromagnetic performance. Despite the integration of the 
reconfiguration system, the structure maintains compact dimensions of 16.5 × 12 × 0.79 mm³, ensuring easy 
integration into embedded devices with tight space constraints. The frequency reconfigurability provides 
dynamic adaptation of the operating band, allowing it to meet the various IoT standards operating in the 
sub-6 GHz range. The design and performance evaluation were performed using the CST Studio Suite 
electromagnetic simulation software. The results obtained confirm the proposed antenna's ability to provide 
effective broadband coverage while maintaining a compact design, making it a relevant solution for IoT, 
mobile, and low-power wireless communication systems.  

1 Introduction 
Reconfigurable antennas appear to be a particularly 
promising solution for meeting the evolving 
requirements of IoT applications [1]. They allow for the 
dynamic adjustment of their characteristics, such as 
operating frequency [2], radiation pattern [3,4], or 
polarization [4], to adapt to system conditions. 
Frequency reconfiguration, in particular, offers the 
advantage of replacing several single-band antennas 
with a single multi-frequency antenna, thus reducing 
system size, cost, and complexity while improving 
performance [1]. 
The implementation of reconfigurability generally relies 
on the integration of switching devices such as PIN 
diodes [2], varactor diodes [5], or RF MEMS switches 
[6]. Among these solutions, PIN diodes are widely used 
due to their ease of integration and their ability to ensure 
fast switching, enabling efficient dynamic 
reconfiguration [1]. 
Furthermore, the diversity of IoT devices imposes strict 
constraints in terms of dimensions. Since antenna size is 
inversely proportional to operating frequency [7], 
miniaturization is a major challenge. Several techniques 
have been proposed for this purpose, such as 
meandering structures [7], fractal geometries [8], the use 
of metamaterials [9], and spiral geometry [10]. In this 
work, a spiral structure is adopted to reconcile 
compactness, performance, and reconfigurability. 
The design of spiral antennas is based on a helical 
structure of the radiating element, allowing for a 
significant reduction in antenna size while maintaining 
satisfactory radiation performance. This configuration 
optimizes the electrical length of the radiating element 
within a reduced physical space, making it particularly 

suitable for applications where miniaturization and 
compactness are major constraints. 
In this paper, we present a compact spiral antenna (16.5 
× 12 × 0.79 mm³) featuring a frequency reconfiguration 
capability enabled by two PIN diodes. Operating in the 
sub-6 GHz range, the antenna provides circular 
polarization, making it suitable for a wide range of 
wireless communication applications. It is fabricated on 
a Rogers RT-5880 substrate. Its compact size and 
polarization characteristics allow for easy integration 
into embedded systems while ensuring stable 
performance regardless of orientation. The design and 
performance were analyzed using CST Studio Suite 
electromagnetic simulation software. 

2 Proposed antenna geometry 
The proposed antenna structure is illustrated in Figure 1. 
It consists of a meandering helical radiating element. 
This element is subdivided into three sections that can 
be connected or disconnected by means of two PIN 
diodes, thus enabling multiband behavior through 
reconfiguration of the antenna's electrical length. The 
antenna is fed by a microstrip line that provides both 
matching and excitation of the radiating element. A 
ground plane, located on the same face as the feed line, 
covers only the area adjacent to it. Therefore, the 
antenna exhibits a coplanar configuration. The design is 
based on a Rogers RT5880 substrate with a thickness of 
1.57 mm, characterized by a relative dielectric constant 
of 2.2 and a loss tangent of 0.009, which ensures low 
losses and good high-frequency performance. The 
optimized dimensions of the structure are summarized 
in Table 1. 
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Fig. 1. Proposed antenna structure. 

Table 2. optimized dimensions of the proposed antenna (in 
mm). 

 
 

 
 
Fig. 2. The reflection coefficients of the proposed antenna for 
the three configurations were obtained through simulation. 

 
The analysis of the reflection coefficient shown in 
Figure 2 demonstrates that the proposed spiral antenna 
exhibits a behavior strongly dependent on the states of 
the PIN diodes, confirming its reconfigurability. In case 
1 (D1 OFF, D2 OFF), the antenna resonates primarily 

around 4.3 GHz. In case 2 (D1 ON, D2 OFF), a shift in 
resonance frequencies is observed, with two distinct 
bands appearing around 3.8 GHz and 5.9 GHz. In case 
3 (D1 ON, D2 ON), dominant resonances occur around 
3.4 GHz and 4.9 GHz, along with a multi-resonant 
behavior, indicating that full diode activation increases 
the effective surface current path length. A common 
frequency band from 0 to 1 GHz is observed in all three 
cases. These results confirm that the operating bands can 
be effectively reconfigured by modifying the spiral’s 
electrical geometry through the integration of two PIN 
diodes, making the antenna suitable for multi-band, 
reconfigurable applications in the sub-6 GHz range. 

3 Diode modeling 
A pair of PIN diodes, labeled D1 and D2 (Figure 1), is 
used to perform frequency reconfiguration of the 
antenna. These diodes act as electronic switches, 
adapting the radiating structure to different frequency 
bands. The ends of sections A and B are connected to 
the cathode and anode of diode D1, respectively. 
Similarly, the ends of sections B and C are connected to 
the cathode and anode of diode D2, respectively, while 
the other connection points ensure the necessary 
electrical continuity depending on the diodes' bias state. 
In the CST simulation environment, the PIN diodes are 
modeled using an equivalent RLC circuit. In forward 
bias (ON state), the diode is represented by a series 
resistance (RS) connected in series with a fixed 
inductance (L). In reverse bias (OFF state), the 
equivalent circuit consists of a resistor (RS) in parallel 
with a capacitor (CR), the whole being connected in 
series with the inductor (L). Figures 3(a) and 3(b) 
illustrate the corresponding RF equivalent circuits [11]. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Equivalent circuit of the PIN diode under both biasing 
conditions: (a) ON state (forward bias), (b) OFF state 
(reverse bias). 

4 Surface current mode analysis  
The surface current distribution is a fundamental tool for 
the design, optimization, and analysis of antennas as 
well as electromagnetic devices. Figure 3(a-f) illustrates 
the surface current distribution of the proposed antenna 
at different operating frequencies for the four possible 
diode configurations. 

 
 

W L Wg Lg D1 D2 D3 D4 

12 16.5 4.25 5 11 9.5 8 6.5 

D5 D6 a b c d g La 

5 3.5 1 0.5 0.5 0.5 0.5 2.5 
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Fig. 4. Simulated surface current distribution of the proposed 
antenna: (a) at 3.39 GHz with D1 OFF and D2 ON; (b) at 
4.41 GHz with D1 OFF and D2 OFF; (c) at 3.34 GHz and (d) 
at 4.81 GHz with D1 ON and D2 ON; (e) at 3.81 GHz and (f) 
at 5.71 GHz with D1 ON and D2 OFF; (g) corresponding 
color scale. 

 
Figure 4 illustrates the simulation results, which clearly 
show that the surface current distribution strongly 
depends on the switching states of the diodes, directly 
affects the electromagnetic behavior of the spiral 
antenna. When the diodes are in the ON state, the current 
flows over a larger portion of the structure, increasing 
the effective electrical length and promoting the 
excitation of multiple resonant modes. Conversely, 
when one or both diodes are in the OFF state, the current 
path is interrupted, leading to a progressive confinement 
of the current toward the inner regions of the spiral and 
a reduction in the electrical length. This change in the 
current path results in a transition from fundamental 
modes, characterized by an extended current 
distribution, to higher-order modes associated with a 
more localized current distribution. 

Figure 4(g) shows the color scale used to represent the 
surface current intensity, where red regions indicate 
high current density, while blue regions correspond to 
low current density. 

5 Results and discussion 

 Reflection coefficients 
 

 
Fig. 5. Reflection coefficients S₁₁ of the antenna as a function 
of frequency for the different configurations. 

 
 

 
Fig. 6. Axial Ratio of the antenna as a function of frequency 
for the different configurations. 

 
 

Fig. 7. Total efficiency of the antenna as a function of 
frequency for the different configurations. 
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Figure 5 shows the S11 reflection parameter for the four 
configurations of the reconfigurable antenna. The 
simulations were performed using CST Studio Suite 
software. When diodes D1 and D2 are on (blue curve), 
four bandwidths are observed: [0–1 GHz], [1.39–1.48 
GHz], [3.22–3.45 GHz], and [4.56–5.14 GHz]. In the 
second case, where diode D1 is on and diode D2 is off 
(orange curve), the antenna also exhibits four 
bandwidths: [0–1 GHz], [1.49–1.60 GHz], [3.59–4 
GHz], and [5.43–6.2 GHz]. For the third case, where 
diode D1 is disabled and diode D2 is enabled (gray 
curve), and for the fourth case, where both diodes are 
disabled (yellow curve), three identical bandwidths are 
obtained: [0–1 GHz], [1.72–1.85 GHz], and [4.03–4.85 
GHz].  
Figure 6 shows the simulated axial ratio of the proposed 
antenna as a function of frequency for the four diode 
configurations. The results indicate that the antenna 
provides circular polarization for each configuration,  
across almost its entire operating bandwidth. This 
performance confirms that the proposed antenna has a 
wide circularly polarized bandwidth, making it 
particularly suitable for applications requiring low 
sensitivity to orientation and multipath effects. 
Figure 7 illustrates the evolution of the total efficiency 
of the reconfigurable antenna as a function of frequency 
for the four diode configurations. It can be seen that, in 
the 0–1 GHz band, the efficiency remains relatively low 
for all possible configurations, with values below 0.1%. 
This weakness is mainly due to limited impedance 
matching and inefficient radiation in this frequency 
range. 
As the frequency increases, the efficiency gradually 
improves, particularly between 1 GHz and 3 GHz, 
where it reaches values between 0.1% and 10% 
depending on the configuration. In the upper band 
(above 3 GHz), the antenna exhibits significantly higher 
efficiency, with values varying approximately between 
10% and 50%, corresponding to the antenna's main 
operating bands.  
 

 Radiation pattern 
 
Figure 8 illustrates the simulated radiation patterns of 
the reconfigurable spiral antenna exhibit an overall 
similar behavior across all configurations, with nearly 
omnidirectional radiation at low frequencies and a slight 
tendency toward directivity as the frequency increases. 
Activating the diodes (D1, D2) does not cause a 
significant change in the overall shape of the pattern but 
induces minor variations in the lobe distribution and 
directivity. In terms of gain, differences remain limited, 
with maximum values close to 0 dBi and observed 
variations generally ranging from approximately −3 dBi 
to 0 dBi depending on the case. This confirms that the 
reconfigurability primarily affects the operating 
frequency while maintaining overall stable radiation 
performance. 
Finally, this comparative study, as summarized in Table 
2, shows that the proposed antenna stands out due to its 
significant miniaturization (12 × 16.5 × 1.57 mm³) 
compared to existing works, while providing wide 

frequency reconfigurability covering multiple sub-6 
GHz bands. Furthermore, the use of only two PIN diodes 
reduces complexity, losses, and power consumption 
compared to structures requiring a larger number of 
switching components.          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Simulated radiation pattern of the proposed antenna: 
(a) at 3.39 GHz with D1 OFF and D2 ON; (b) at 4.41 GHz 
with D1 OFF and D2 OFF; (c) at 3.34 GHz and (d) at 4.81 
GHz with D1 ON and D2 ON; (e) at 3.81 GHz and (f) at 5.71 
GHz with D1 ON and D2 OFF. Index 1 corresponds to the 
front surface, and index 2 corresponds to the side. 
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Fig. 8. Simulated radiation pattern of the proposed antenna: 
(a) at 3.39 GHz with D1 OFF and D2 ON; (b) at 4.41 GHz 
with D1 OFF and D2 OFF; (c) at 3.34 GHz and (d) at 4.81 
GHz with D1 ON and D2 ON; (e) at 3.81 GHz and (f) at 5.71 
GHz with D1 ON and D2 OFF. Index 1 corresponds to the 
front surface, and index 2 corresponds to the side. 

 

6 Conclusion 
This study presented a miniature spiral antenna that 
demonstrates efficient frequency reconfigurability 
through the integration of two PIN diodes, while 
maintaining a compact size suitable for sub-6 GHz IoT 
devices. Simulations performed using CST Studio Suite 
confirm multi-band coverage, stable circular 
polarization, and satisfactory efficiency at higher 
frequencies, making this design a relevant solution for 
IoT applications and low-power wireless systems. 
Future work will focus on improving efficiency at lower 
frequencies, as well as the practical implementation of 
the antenna and validation of the results through 
experimental measurements.                
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