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 The research proposed a new electrically reconfigurable microstrip antenna 

via a lumped capacitor. Instead of using a varactor diode as a switching 

circuit which leads to a more complicated design by adding biasing circuits, 

our suggested antenna design has offered straightforward tuning skills. The 

projected design has resolved many issues such as a reduction in system 

complexity by eliminating the biasing circuit, limiting the use of advanced 

manufacturing devices through using the external circuit to implant or 

detach the capacitor into or from the antenna main structure, and impedance 

matching supported with optimum physical structure calculations. The 

reconfigurable antenna has been modeled and designed using computer 

simulation technology (CST) software, the prototype antenna has been 

implemented practically and tested using a spectrum analyzer. The 

suggested compact antenna has a size of 42×33×0.53 mm3, and supports 

multi-operational frequency bands (C, X, Ku, and K) which is suitable for 

modern communication technologies such as Wi-Fi, 5G, and satellite 

communication. 
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1. INTRODUCTION 

An antenna is required for many emerging technologies to function at different bands (frequencies) 

that support various applications. The need for an antenna with a singular structure that is functional at  

multi-band has been suggestively adopted [1]–[3]. A microstrip patch antenna is most common and preferred 

to use due to its unique characteristics such as compact profile, inexpensive, and lightweight. Also, it is 

suitable to use in flexible technology as well as plastic technology [4], [5]. When the current is redistributed 

along the surface of the antenna, then a reconfiguration occurs. The reconfiguration techniques are classified 

into three main mechanisms [6]: mechanically [7], electrically [8], and optically [9]. Thus, the reconfigurable 

antenna has unique skills to alter its frequency, pattern, and polarization [10]. The electrically reconfiguration 

technique is commonly used by means of radio frequency (RF) switches being PIN diode,  

RF-microelectromechanical system (MEMS), and varactor diode [6].  

Nadeem et al. [11] provided metamaterial and metasurface using printed circular polarized (CP) 

approach microstrip antenna for 5G applications. According to Ullah et al. [12], an artificial switch to 

perform on-off situations. Zhou et al. [13] has subjected a method of using liquid material movement to 

achieve certain polarization and frequency. According to Nazir et al. [14], a frequency-reconfigurable 

antenna by placing PIN diodes between the patches of the implemented antenna. Singh et al. [15] has 

presented an electrically reconfigurable patch antenna via PIN diode which made it capable of operating at 
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different operational frequencies and three polarization states. Shuriji and Thaher [16] has produced a 

frequency reconfigurable antenna using two PIN diodes that operate in four modes to support multi-band that is 

eventually suitable to work with various applications with only one singular structure. Tamimi and Thaher [17] 

has exhibited a compound reconfigurable antenna that has the ability to alter both the frequency of operation 

and pattern direction using a PIN diode. Tawk et al. [18] has used a varactor diode to reconfigure a two-sided 

Vivaldi patch antenna. Biasing the varactor diode gives a certain capacitor value by changing the biasing 

voltages. The result was a frequency-reconfigurable microstrip that operates at c-band only. Bai et al. [19] 

has illustrated a pattern reconfigurable antenna using varactor diodes.  

The presented design operates at 2.9 GHz and has the ability to alter the radiation pattern, while it 

has a fairly large structure. Onodera et al. [20] presented a frequency reconfigurable antenna operated at 

dual-band (1.6-1.91 GHz and 3.2-3.7 GHz) via varactor diodes. It has been noted that limited gain was 

espoused. Christodoulou et al. [21] has demonstrated a reconfigurable antenna using varactor diodes that has 

the ability to operate at 0.95-1.8 GHz with single and dual polarized. A large antenna design was presented. 

Ramadan et al. [22] has verified a reconfigurable antenna via a varactor diode with pattern and polarization 

ability, while limited gain was noted. Awan et al. [23] has exhibited a frequency reconfigurable microstrip 

using PIN diodes with a flexible muti-band ability. Notable, limited radiation efficiency and low gain were 

found. Furthermore, many recent researches have adopted the electrically reconfigurable microstrip patch 

using RF switches [24], [25]. After an extensive literature survey, a novel solution has been carried out to 

eliminate the complexity of using biasing circuits that are essential for RF switches. Also, to make the tuning 

of the reconfigurable microstrip much easier without any advanced industrial devices that needed to print the 

varactor diode inside the patch itself. While we endure a very good matching impedance. 

 

 

2. THE PROPOSED RECONFIGURABLE DESIGN 

The planned structure and geometry of the antenna are presented in Figures 1(a) and (b). The shape 

of the microstrip patch has been planned and calculated using (1) and (2) [26]. In (3)-(5) [16], [17] were used 

to calculate the circular patch radius and the width of the feedline. 

 

𝐿 =
1

2𝑓𝑟√𝜇𝑜𝜀𝑜√𝜀𝑟𝑒𝑓𝑓
− 2∆𝐿 (1) 

 

Where 𝐿 is the length of the patch, 𝑓𝑟 is resonant frequency, ∆𝐿 is the length due to the fringing field effect, 

𝜀𝑟𝑒𝑓𝑓 is the effective permittivity, 𝜇𝑜 is the permeability, and 𝜀𝑜 is the permittivity.  

 

𝑊 =
1

2𝑓𝑟√𝜇𝑜𝜀𝑜
√

2
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where 𝑊 is the width of the patch and 𝜀𝑟 is the related permittivity.  
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𝐹

{1+
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Where R is the radius of the circular patch, F is constant and calculated using (4), and h is the thickness of the 

substrate. 

 

𝐹 = 8.791 ×
109

𝑓√𝜀𝑟
 (4) 

 

𝑊𝑓 =
7.48×ℎ

𝑒
(𝑧𝑜

√𝜀𝑟+1.41
87 )−1.25×𝑡

 (5) 

 

Where 𝑊𝑓 is the width of the feedline, 𝑧𝑜 is the reference impedance, and t is the thickness of the patch sheet. 

The planned microstrip patch antenna has been calculated optimally and selected wisely being 

42×33×0.8 mm in size. A lossy copper has a thickness of 0.035 mm used for the ground plane. The length of 

the ground was selected to be one third of the total length of the antenna which is equal to 11 mm for 

maximum performance. A roger hydrocarbon ceramic laminates (RO4003c) has been chosen as a substrate 

layer with a related permittivity of 3.4, a loss tangent of 0.0027, and a thickness of 0.53 mm. Generally, roger 

RO4003c is rarely used, it’s been considered in our design for the following benefits: high thermal 

conductivity, low price, great performance for sensitive applications, very good construction in multi-layer 
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printed circuits, leed-free soldering, maintain a high bandwidth when the thickness is decreased, and high 

performance at high frequencies (˃10 GHz) [27], [28]. The patch layer has four circular shapes each with a 

size of 3.5 mm, and the feedline has connected with two symmetrical arms each arm has a total length of  

28 mm and a width of 1 mm as illustrated in Figure 1. The feedline length was calculated being 28 mm and 

width of 1.71 mm. The design has carried out an uncomplex structure and optimally calculated to meet a high 

level of matching, while maintaining topmost antenna performance. Figures 2(a) and (b) presented the 

manufactured microstrip patch antenna 

 

 

 
(a) 

 

 
(b) 

 

Figure 1. Antenna geometry of (a) front view and (b) back view 

 

 

  
(a) (b) 

 

Figure 2. Factory-made antenna of (a) front view and (b) back view 
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3. LUMPED CAPACITOR RECONFIGURATION 

Electrically reconfigurable technique uses one of three RF switches PIN diode, varactor diode, and 

MEMS. The significant issue with those switched is adding another level of complexity to the process as well 

as to the designing antenna structure. The complexity comes from using a biasing circuit that makes the 

microstrip reconfigured via switching and tuning to alter the antenna polarization, pattern, and frequency. In 

this research, a frequency reconfigurable microstrip using a novel technique via a tuning capacitor is skilled 

in easy tuning for a desired operating frequency. Four tuning capacitors have been added to the patch antenna 

in each four-ended arm with each circular patch using external connections that reduce the need for precise 

printed instruments, consequently the manufacturing cost. This new technique will eliminate the biasing 

circuit completely, consequently antenna manufacturing complications. The four capacitors’ values have 

been selected and added optimally in the computer simulation technology (CST) lumped elements as it 

shown in Figure 1(a). The capacitors values are shown in Table 1. This new technique has been implemented 

and tested practically using spectrum analyser.  

 

 

Table 1. Values of the tuning capacitors 
Tuning capacitor number Value (pF) 

Tuning capacitor-1 0.6 

Tuning capacitor-2 0.1 

Tuning capacitor-3 0.1 
Tuning capacitor-4 0.4 

 

 

Figures 3(a) and (b) demonstrated the testing of the new reconfigurable microstrip antenna. The 

reconfiguration technique has sixteen different scenarios by simply implanting or, and detaching the tuning 

capacitors. Table 2 shows the different scenarios (mode of operation) that have been provided using this 

method. 

 

 

  
(a) (b) 

 

Figure 3. The new reconfigurable antenna (a) during test inside the chamber and (b) test connected to the 

vector network analyzer (VNA) 

 

 

Table 2. Scenarios of the reconfiguration technique 
Scenario Implanted capacitor Detached capacitor 

Mode-1 Zero implant all 

Mode-2 C1 C2, 3, and 4 
Mode-3 C2 C1, 3, and 4 

Mode-4 C3 C1, 2, and 4 

Mode-5 C4 C1, 2, and 3 
Mode-6 C1 and 2 C3 and 4 

Mode-7 C1 and 3 C2 and 4 
Mode-8 C1 and 4 C2 and 3 

Mode-9 C2 and 3 C1 and 4 

Mode-10 C2 and 4 C1 and 3 
Mode-11 C3 and 4 C1 and 2 

Mode-12 C1, 2, and 3 C4 

Mode-13 C1, 3, and 4 C2 
Mode-14 C2, 3, and 4 C1 

Mode-15 C1, 2, and 4 C3 

Mode-16 C1, 2, 3, and 4 Zero detach 
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4. RESULTS AND DISCUSSION 

Our frequency reconfigurable microstrip antenna is designed to support multi-frequencies. The 

antenna has been tested practically using a spectrum analyzer for all modes of operation (mode 1-16) and the 

s11 is shown in Figures 4(a) and (b). The operating frequencies at each mode with the s11 are presented in 

Table 3. The presented antenna operates at multi-band with frequency switching ability, the supported bands 

are S, C, X, and Ku bands. The return loss is very acceptable with a high bandwidth offering. The reference 

impedance (Zref) for all modes is exposed in Figure 5, it shows that under all modes of operation, the 

measured impedance was perfectly matched and equal to around 50 ohms. 

 

 

 
(a) 

 

 
(b) 

 

Figure 4. s11 vs. frequency for: (a) mode-1 to mode-8 and (b) mode-9 to mode-16 

 

 

 
 

Figure 5. Reference impedance vs. frequency for all modes 
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Table 3. The operating frequencies and s11 at each mode 
Scenario Operating frequency (GHz) Return loss (S11) dB 

Mode-1 7.4, 11.3, and 17.8 -21.8, -10.9, and -17.3 
Mode-2 7, 7.6, 11, and 17.8 -23.8, -23.8, -10.9, and -12 

Mode-3 7.3, 11.2, and 17.7 -25.1, -17.7, and -24.6 

Mode-4 6.9, 7.9, and 17.7 -13.1, -12.1, and -14.8, 
Mode-5 7.3, 11.3, and 17.5 -14.3, -20.8, and -16.6 

Mode-6 7.3, 11.2, and 17.5 -24.2, -21.3, and -25.9 

Mode-7 7.4 and 17.6 -21.8 and -16.1 
Mode-8 7.5, 11.3, and 17.5 -21, -12.3, and -20.5 

Mode-9 7.2, 11.1, and 17.6 -38.7, -11, and -18.7 

Mode-10 7.6, 11.4, and 17.8 -37.3, -12.8, and -25.7 
Mode-11 7.7, 11.3, and 17.7 -38.4, -14.1, and -21.7 

Mode-12 2.6, 7.4, 11.3, and 17.7 -13.3, -26.1, -11.8, and -21.6 

Mode-13 7.5,11.3, and 17.8 -27, -12, and -23 
Mode-14 2.6, 6.9, 7.4, and 17.8 -13.7, -17.3, -15, and -18.6 

Mode-15 7.4, 7.9, 11.4, and 17.8 -16.4, -16.4, -20.5, and -22.4 

Mode-16 2.7, 6.9, 11.3, and 17.7 -12.2, -30.7, -10.6, and -18 

 

 

The voltage standing wave ratio (VSWR) has been tested practically to check the matching. Under 

all modes, the VSWR was around 1 (<2), thus we have an optimum matched antenna. Figure 6 is 

demonstrated the VSWR under all modes of operation. The simulated power gain of the proposed antenna 

using CST is illustrated in the summarized Table 4 for all operating frequencies under all modes. A 

summarized comparison between the designed reconfigurable antenna and other related works is 

demonstrated in Table 5. 

 

 

 
 

Figure 6. VSWR vs. frequency for all modes 

 

 

Table 4. Antenna gains for all modes 
Scenario Operating frequency (GHz) Gain (G) dB 

Mode-1 7.4, 11.3, and 17.8 2.2, 2.5, and 2.9 

Mode-2 7, 7.6, 11, and 17.8 2.3, 2.3, 2, and 2.8 

Mode-3 7.3, 11.2, and 17.7 1.5, 4, and 2.9 
Mode-4 6.9, 7.9, and 17.7 1.8, 1.1, and 3.3 

Mode-5 7.3, 11.3, and 17.5 1.7, 1.5, and 3.1 

Mode-6 7.3, 11.2, and 17.5 3.2, 4.2, and 2.5 
Mode-7 7.4 and 17.6 2.4, and 2.4 

Mode-8 7.5, 11.3, and 17.5 3.8, 2.8, and 2.6 

Mode-9 7.2, 11.1, and 17.6 2.5, 3.4, and 2.6 
Mode-10 7.6, 11.4, and 17.8 2, 4.2, and 2.1 

Mode-11 7.7, 11.3, and 17.7 2.8, 2.1, and 2.5 
Mode-12 2.6, 7.4, 11.3, and 17.7 1.3, 2.7, 4, and 3.1 

Mode-13 7.5, 11.3, and 17.8 3.5, 2.8, and 2.2 

Mode-14 2.6, 6.9, 7.4, and 17.8 1.6, 4, and 2.1, and 3 
Mode-15 7.4, 7.9, 11.4, and 17.8 2.2, 2.1, 4.6, and 2.5 

Mode-16 2.7, 6.9, 11.3, and 17.7 1.2, 3.2, 3.5, and 3 
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Table 5. Summarized comparison with related works 
Ref. Size (mm) Bands Technique Complexity level 

[7] 45×41.8×0.8 dual RF-MEMS high 
[8] 33×16×1.6 dual PIN diode high 

[12] 40×35×1.6 Single and dual PIN diode high 

[14] 86×50×1.5 single PIN diode high 
[15] 65×60×2.2 single PIN diode high 

[18] 59.8×30×1.6 single Varactor diode high 

[19] 70×40×1.5 single Varactor diode high 
[23] 32×25×0.25 single PIN diode high 

This work 42×33×0.53 Multi Tuning capacitor low 

 

 

5. CONCLUSION 

In this article, a new reconfigurable microstrip antenna has been analyzed, modeled, designed, and 

manufactured for a different mode of operation. This research has carried out a simple idea yet very effective 

by replacing the common RF switching that needs biasing circuit with a tuning capacitor. This technique has 

significantly reduced the complexity of the system design fabricated process and cost. Implanting or 

detaching the lumped capacitor made the antenna capable of altering the operating frequencies with minimum 

tuning effort. The designed antenna with a very good matching operates in multi bands (S, C, X, and Ku) and is 

suitable to function in several modern applications such as industrial, scientific and medical (ISM) band 

applications (Wi-Fi, WLAN, and WiMAX), 5G applications, and satellite communication. 
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