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Abstract – This research introduces an advanced frequency 

reconfigurable antenna utilizing PIN diodes to adjust resonant 

frequencies dynamically, ensuring versatile operation across a 

wide frequency range. The proposed design demonstrates 

impressive efficiency and performance in two operational states, 

validated through measured results. This study highlights the 

potential of integrating two PIN diodes for adaptive wireless 

communication systems, contributing to the advancement of 

frequency reconfigurable antenna designs resonating at six 

distinct resonating frequencies and maximum gain of up to eight 

dBi and their applications in future communication technologies.  
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I. INTRODUCTION 

The growing demand for advanced wireless communication 

systems has increased the need for antennas that can operate 

across multiple frequency bands without the complexity of 

traditional designs [1-3]. In the past, separate antennas were 

required for each frequency band, resulting in larger and more 

intricate setups. Frequency-reconfigurable antennas provide a 

solution by allowing a single antenna to operate at various 

frequencies, making systems more efficient and reducing 

overall costs [3-8]. These antennas achieve flexibility through 

several techniques, including the use of elements like 

switches, tunable materials, and adjustable resonators [4]. 

These methods enable antennas to change their frequency 

response and adapt to different communication standards. 

This capability makes them suitable for multi-band 

operations, where frequency agility is essential, such as in 

systems that rely on frequency hopping or dynamic switching 

between bands [6]. 

To ensure optimal performance, key factors like the 

radiation pattern, gain, bandwidth, and efficiency must be 

carefully balanced across all operating frequencies [9]. 

Researchers are continually improving these designs to 

maintain compact size, minimize power consumption, and 

enhance durability in various environments [10]. The 

versatility of frequency reconfigurable antennas makes them 

highly applicable in various sectors. 
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 (a)                                                     (b) 

 
                    (c) 

Fig.1. Proposed Structure of frequency reconfigurable antenna: 

(a) Antenna I (previous) top view [21], (b) Common ground bottom 

[21],  (c) Antenna II  proposed  top view: R1=9mm, R2=7.25mm, 

G1=0.8mm, Wf=3.27mm, Lf=11.70mm, Ws=36mm, Ls=40mm, 

Lg=12mm, Cg=11.8mm, D1,D2 =diode 

 

They play a vital role in wireless communication networks, 

such as mobile phone systems, WLANs, and satellite 

communications, where reliable performance across multiple 

frequency bands is critical. In addition, these antennas are 

essential in cognitive radio networks, where real-time 

spectrum allocation is required to maximize efficiency and 

minimize interference [8]. By offering the ability to 

dynamically adjust frequency bands, these antennas pave the 

way for more adaptive and intelligent communication systems 

in the future [11].  

Recent research has introduced various innovative 

frequency reconfigurable antennas [12-22]. A differential 

antenna with dipoles and PIN diodes achieves dual-band 

operation at 3.5 GHz and 5.5 GHz [15], while a microstrip 

slot antenna covers six bands (2.2–4.75 GHz) with bent slots 

and integrated biasing [16]. A planar loop-monopole antenna 

achieves nona-band coverage for 2G/3G/4G with minimal 

space and a single diode [17]. Miniaturized patch antennas 
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with aperture feeds and PIN diodes enable reconfigurability in 

the X-band [18]. Additionally, varactor-based monopole 

antennas provide tunable WiMAX bands [19], and compact 

loop antennas offer wide tunable bandwidths [20]. 

In [21], research presents the design, analysis, and 

performance evaluation of a frequency reconfigurable antenna 

that uses a circular ring configuration with a PIN diode for 

dynamic frequency tuning. The proposed design enables 

versatile operation across multiple frequency bands, 

eliminating the need for multiple antennas. By incorporating a 

reconfigurable element and a defective ground structure, the 

antenna achieves excellent performance with resonating 

frequencies of 3.02 GHz, 3.38 GHz, 3.66 GHz, 4.13 GHz, and 

6.47 GHz, demonstrating bandwidth percentages of up to 

40.68% and a maximum gain of 7.6 dBi. Limitations include a 

narrow tuning range, limited gain improvement, and higher 

insertion loss at reconfigured states also, the stopband of the 

reflection coefficient of the antenna is not clear.  

 
(a)                                                   (b) 

 

Fig. 2. (a) Equivalent circuit models of PIN diode at on and off state, 

(b) Biasing Circuit of the PIN diode [21] 

 

This research successfully demonstrates a circular ring 

frequency reconfigurable antenna using PIN diodes for 

dynamic sharp tuning across multiple frequency bands with 

excellent stop band. The design exhibits efficient performance 

in both operational states, confirming its versatility for 

adaptive wireless communication. The findings contribute to 

advancements in reconfigurable antenna technology for future 

communication systems. 

II. ANTENNA GEOMETRY AND DESIGN 

The frequency reconfigurable antenna presented in this 

study is an improved version of a prior design [21], utilizing 

an FR-4 substrate with a thickness of 1.6 mm. This updated 

Antenna II substrate has a dielectric constant (ɛr) of 4.4 and a 

loss tangent (δ) of 0.019. The overall dimensions of the 

antenna, as illustrated in Figure 1, are provided in millimeters. 

The earlier design includes a top patch incorporating a ring 

structure inked to the feed line, with a circular patch 

positioned within the ring. One PIN diode is strategically 

placed in the gap of G1 to tune the frequency. The 

performance of this antenna has been improved by adding a 

horizontal slot on the concentric solid circular patch at a 

specific distance above the centre. This improved antenna is 

proposed with two PIN diodes. The details of antenna I 

(previous antennas) [21] are illustrated in Fig. 1 (a) and (b), 

respectively, while antenna ii which is proposed antenna top 

view has been shown in Fig. 1 (c). The use of a circular patch 

in this research was chosen for its technical benefits, aligning 

with the study's objectives. Unlike rectangular patches, the 

circular geometry offers inherent symmetry, reducing edge 

effects and simplifying performance analysis. This leads to 

enhanced frequency response, broader bandwidth, and lower 

cross-polarization, crucial for maintaining signal purity. While 

rectangular patches are easier to fabricate, the circular design 

provides more uniform radiation patterns and improved 

performance across multiple frequency bands, making it ideal 

for frequency reconfigurable antennas in adaptive wireless 

communication systems, ensuring efficient and reliable 

operation. 

To achieve a high bandwidth, a partially ground plane is 

employed. The ground plane features a defective ground 

structure with a round slot [21]. This choice enhances 

compactness, impedance matching, and controlled radiation 

pattern modification [22]. The round slot aids in smoother 

impedance matching and contributes to achieving the desired 

bandwidth and resonant frequency characteristics. The partial 

nature of the slot allows for targeted adjustments, optimizing 

the antenna's performance for specific criteria. This 

configuration helps widen the antenna's impedance 

bandwidth, ensuring efficient transmission and reception 

across multiple frequency bands [23]. 

This research presents a comprehensive study on the 

design, fabrication, and evaluation of a frequency 

reconfigurable antenna incorporating advanced features such 

as PIN diodes, a defective ground structure, and a circular 

slot. The design's performance was thoroughly analyzed using 

both simulation and experimental methods, with Ansys-HFSS 

software employed for precise simulation of the antenna's 

behavior. The comparison between measured and simulated 

data demonstrated an excellent match, validating the accuracy 

and effectiveness of the proposed design. Minor discrepancies 

observed were attributed to factors such as material 

imperfections, fabrication limitations, and measurement 

techniques, but these had minimal impact on the overall 

performance evaluation. 

The antenna successfully achieved high gain and wide 

bandwidth across multiple frequency bands, demonstrating its 

suitability for dynamic wireless communication applications. 

Its frequency reconfigurability ensures versatility in various 

communication environments, while its efficient design 

enhances performance in terms of radiation patterns and 

impedance matching. This study advances the field of 

reconfigurable antennas by showing how integrating features 

like PIN diodes and defective ground structures can improve 

performance, making it a viable solution for future wireless 

technologies requiring adaptable and high-performing 

antennas. 

III. RESULTS AND DISCUSSIONS 

The PIN diode from the BAP-65 family, capable of 

transitioning between on and off states, is optimal for our 

antenna. In the "on" state, it establishes electrical continuity 

between the outer ring and inner circle, enhancing surface 
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current distribution and ensuring smooth signal transmission. 

The BAPS 65-02-115 datasheet provides exact values for the 

required components. Figure 2 (a) shows the comparable 

circuit diagram, while Fig. 2 (b) illustrates the biasing circuit 

with DC blocking capacitors and RF choke inductors. 

Initially designed antenna structure consisting of a circular 

ring with an embedded circular patch. After optimization, a 

PIN diode was placed between the circular patch and the ring. 

The complete results and analysis of this configuration are 

discussed in the preceding sections of the chapter. To enhance 

the performance, a modification was introduced in the coaxial 

circular patch. Firstly, vertical slotting was applied to the 

circular patch, and two distinct PIN diodes were installed in 

the two separate portions of the slot. 
 

 

Fig.3.Measurement Setup and fabricated prototype of the Antenna II 

 

These diodes connected the upper ring to the inner 

vertically slotted patch. While this structural alteration 

resulted in noticeable deviations in the performance, the 

outcomes were not entirely satisfactory. In the subsequent 

phase, the vertical slotting was replaced with horizontal 

slotting. Two PIN diodes were installed, one in the upper and 

one in the lower circularly slotted patch, connecting them to 

the outer ring. A detailed parametric study was conducted to 

determine the slot's optimal position above the circular patch's 

centre point, as illustrated in Fig. 4.  

 
Fig. 4. Parametric study demonstrating the position of slot above 

centre point 
 

This horizontal slotting approach aimed to improve the 

antenna's performance by better controlling the current 

distribution and enhancing the tuning capabilities of the 

structure. The parametric study helped identify the precise 

position of the slot that yielded the best performance 

outcomes, demonstrating a significant improvement over the 

previous vertical slotting configuration. Structural 

modification and the subsequent parametric analysis showcase 

the potential for achieving improved antenna performance 

through meticulous design and optimization. The study 

highlights the importance of slot orientation and diode 

placement in the gap for fine-tuning the antenna 

characteristics, paving the way for more efficient and effective 

designs.  

 

Fig. 5. Simulated and measured reflection coefficient of antenna II 

for state I and state II 
 

In Fig. 1 (c), the installation of a PIN diode at two distinct 

positions is depicted, following the optimization process. 

Figure 5 illustrates the simulated and measured reflection 

coefficient of the antenna for two distinct state I and state II. 

State I, when D1 off and D2 on, the antenna resonates at 

3.56 GHz, 6.27 GHz, and 10.20 GHz, covering three bands: 

3.23-3.87 GHz, 5.73-6.95 GHz, and 9.95-10.51 GHz. The 

impedance bandwidths are 18%, 19.24%, and 5.47%, with 

corresponding gains of 5.05 dBi, 4.80 dBi, and 4.39 dBi. 

 
Fig. 6. Simulated and measured peak gain of antenna II for state I 

and state II 

 

In State II, with D1 on and D2 off, the antenna 

demonstrates versatility by resonating at four distinct 

frequencies: 4.13 GHz, 7.42 GHz, 8.46 GHz, and 10.8 GHz. 

This state spans three bands: (3.9-4.9) GHz, (6.37-8.82) GHz 

(encompassing the second and third resonating frequencies), 

and (10.55-11.03) GHz. A peak gain of 8 dBi is reported at 

10.8 GHz. For the other three frequencies, 4.13 GHz, 

7.42 GHz, and 8.46 GHz, the simulated and measured gains 

are approximately 3.1 dBi, 3.58 dBi, and 4.58 dBi, 

respectively, These metrics are illustrated in Fig. 5 and 6, 

respectively. Due to several factors like fabrication tolerances, 

material property variations, parasitic effects, measurement 

environment factors, and unaccounted losses mismatch 

between measured and simulated results are noticed in the 

figures. These results highlight the antenna's capability to 

provide multiple resonant frequencies and broad impedance 
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bandwidths under different states of the PIN diodes. The 

overall efficiency of the proposed reconfigurable antenna, 

exceeding 75%, is illustrated in Fig. 7. This demonstrates the 

antenna's effectiveness and adaptability for various 

applications, ensuring reliable performance across multiple 

frequency bands. The proposed antenna's radiation pattern for 

both E and H planes at 3.56 GHz and 6.27 GHz are shown 

graphically in Fig. 8. Figure 9 provides the reflection 

coefficient of the antenna E Plane and H plane at the 

resonating frequency at 4.13 GHz, 7.42 GHz, 8.46 GHz. 

 

Fig. 7. Simulated radiation efficiency of antenna II for state I and 

state II 

 

 
(a) 

 
(b) 

  
(c) 

                   Simulated                         Measured 

Fig. 8. Graphical representation of reflection coefficient of:  

(a) E-plane 3.56 GHz, H-plane 3.56 GHz, (b) E-plane 6.27 GHz,  

H-plane 6.27 GHz, (c) H-plane 10.20 GHz, H-plane 10.20 GHz 

IV. CONCLUSION 

The analysis of the reconfigurable antenna with a PIN 

diode demonstrates its ability to switch resonant frequencies 

dynamically, enabling flexible operation. Measured results 

confirm efficient performance in both states, with bandwidth 

percentages indicating optimal spectrum utilization. This 

versatility enhances its suitability for wireless applications 

requiring adaptive frequency control. The proposed 

reconfigurable antenna exhibits impressive versatility and 

performance across States I and II. In State I, with D1 off and 

D2 on, the antenna resonates at 3.56 GHz, 6.27 GHz, and 

10.20 GHz, covering three bands with impedance bandwidths 

of 18%, 19.24%, and 5.47%, and gains of 5.05 dBi, 4.80 dBi, 

and 4.39 dBi, respectively. In State II, with D1 on and D2 off, 

it resonates at 4.13 GHz, 7.42 GHz, 8.46 GHz, and 10.8 GHz, 

spanning bands with impedance bandwidths and gains of up to 

8.0 dBi. The findings contribute to the advancement of 

frequency reconfigurable antenna designs, showcasing the 

potential of using PIN diodes for adaptive wireless 

communication systems.  
 

     Simulated                            Measured 

 

 
 

(a)                                       (b) 

Fig. 9. Graphical representation of reflection coefficient of:  

(a) E-plane 4.13 GHz, 7.42 GHz, 8.46GHz, (b) H-plane 4.13 GHz, 

7.42 GHz, 8.46GHz 
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