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Abstract— A reconfigurable antenna is designed by using the 

CST Studio by changing multiple frequencies. In this paper, we 

designed a reconfigurable antenna and used three pin diodes as 

switches to obtain different resonant frequencies. The feature 

of reconfigurability is attained by using Pin Diodes. In this 

design, we take a 3pin diode. The proposed Antenna can 

operate on different frequencies i.e., 2GHz, 11GHz with the 

efficiency of 90% and more at different conditions of the 

diodes the proposed antenna is used for the following 

applications: aeronautical radio navigation [4.3 GHz], AMT 

fixed services [4.5 GHz], WLAN [5.2 GHz], Unlicensed 

WiMAX [5.8 GHz] and X-band [7.5 GHz]. This analysis is 

done by using CST Studio. 

Keywords— Reconfigurable Antenna, Pin Diode, X-band, AMT 

fixed services, microstrip feed line. 

1.Introduction 

Reconfigurable antenna on multiple frequency bands 

have a bunch of applications in modern wireless 

communications. The reconfigurable antenna can 

reconfigure the characteristics such as resonant frequency, 

polarization and radiation pattern. The reconfigurable 

antenna work dynamically by changing the different 

switching mechanisms. The switching mechanisms are done 

by using different switches like varactor diodes, Pin Diodes 

and RF MEMS switches. Each and every switch has its own 

advantages. The varactor diodes are used for reconfiguration 

of antenna, but these are nonlinear and narrow in nature. 

The pin diodes that increases the insertion loss and 

complicates the biasing circuitry [4]. Although there are 

many switching methods available, including RF memes 

and varactor diodes. Because of its high linearity, high 

speed response, low noise, cheap cost, and greater 

reliability, we have decided to use a pin diode as our switch 

[5]. Although RF MEMS has a minimal loss, its 

implementation is expensive [6]. The Pin diode is intended 

to function in three states, but the design is complicated [7]. 

Omnidirectional at 2.4 GHz, unidirectional at 5.4 GHz, and 

simultaneous omnidirectional and unidirectional operation 

are its three working modes. Six RF pin diodes were used in 

the suggested frequency reconfigurable pixel antenna, but 

only three resonant frequencies and minimal cross 

polarization were obtained. A small, slotted micro strip 

patch antenna that operates at WiMAX frequencies using 

two pin diodes [8]. A small frequency-configural antenna is 

used for Bluetooth, WLAN, and WiMAX applications using 

a straightforward square-shaped radiating patch [9]. Flexible 

antennas have been fed using a variety of methods, but 

coplanar waveguide feeding is preferred because the 

antenna element and patch on the same side of the substrate, 

which simplifies the design[10]. The T-shaped antenna for 

WLAN and WiMAX apps uses a single pin diode[11]. This 

paper proposes an innovative, small, flexible, and 

frequency-configurable antenna. This design adds flexibility 

and reconfiguration, making it appealing for conformal and 

numerous other uses. Switches are used to alter the 

radiator's electrical length, which in turn alters the harmonic 

frequency. Thus, frequency reconfiguration is feasible for 

five different applications in the proposed design by using 

switches at the right places. For applications such as 

Aeronautical Radio Navigation (ARN), AMT fixed 

Services, WLAN, WiMAX, and X-band, a brand-new, 

compact, flexible, and frequency-configurable antenna is 

suggested. Every time the switches are in the On or Off 

position, useful frequency bands are obtained. 

Due to their low size, light weight, and durability, 

flexible antennas have recently become very important. The 

crescent-shaped antenna is demonstrated using flexible 

RO4003 Rogers with an impedance bandwidth of 7.1 GHz, 

and various flexible substrates have been reported. In Paper-

based antenna for 2.4 GHz WLAN application, Kapton® 

polyamide-based multi-band antenna is suggested. Utilizing 

flexible antennas, dual frequency rejection at 5.25 GHz and 

5.775 GHz is effectively accomplished.  

2.ANTENNA DESIGN AND RECONFIGURATION  

In this antenna uses Flexible Rogers RT/Droid 5880 as a 
substrate. Designed The substrate has a dielectric constant 
of 2.2 and a loss tangent of 0.0009 with a thickness of 0.508 
millimeters. The compact size of antenna that is the length 
and the width are 30 mm × 28.4 mm and microstrip line of 
50 ohms. The dimensions of the substrate are width (Wg), 
length(Lg) are (Wg×Lg)of the antenna are (13.45×14.642) 
mm. The switching mechanism can be achieved by using P-
I-N diodes. The proposed antenna has given the 3 slots and 



by using 2 switches we can operate the antenna in different 
frequencies. The proposed design is shown fig1. The inner 
and outer radiator is connected to the main radiator via 
switch S1 and S2.for inner radiator the number of segments 
used are 8 and for the outer radiator the number segments 
used are 6. The operating frequency of the reconfigurable 
antenna ranges between 2GHz to 11GHz. 

   

    

                Figure 1. Proposed Antenna Model 

       The diodes are used in this design are P-I-N diodes, 
these are used for proper biasing. When the PIN diode is ON 
it provides low impedance and when it is OFF it provides 
high impedance. Two diodes are used in the proposed model 
to switch from one resonant frequency to another frequency. 
The symbol and schematic diagram at 0N and OFF 
conditions were shown figure 2 and figure 3. 

 

Figure 2. Symbol and Structure of Pin Diode 

    

 

            Figure 3. On and off states of Pin Diode 

SIMULATION RESULTS  

         The below parameters represent the antennas electrical 

characteristics. The plot represents the s parameter 

simulation results of a reconfigurable antenna between the 

frequency range of 2 to 11GHz. Along with that the 

simulation results are taken in three different cases they are 

when both the switches s1 and s2 are on, both switches 

S1&S2 are off, and the final case is when one switch S1 is 

on and the other switchS2 is off. When both S1 & S2 are 

shorted simultaneously, the current circulates in the main 

radiator as well as in the inner and outer radiator. When both 

S1 and S2 are open, the current circulates only in the main 

radiator.  

The S-parameters of a reconfigurable antenna are critical in 

characterizing its performance and functionality. S-

parameters are complex-valued coefficients that represent 

the linear response of the antenna to an electromagnetic 

wave at a specific frequency. The scattering matrix (S-

matrix) is a comprehensive representation of the antenna’s 

behavior, and it can be used to evaluate critical performance 

parameters such as input impedance, return loss, and 

bandwidth. For reconfigurable antennas, S-parameters can 

vary depending on the configuration of the antenna, and it is 

important to measure and analyze them in both the on and 

off states of any switching elements or components. 

Accurate measurement and analysis of S-parameters can 

help optimize the design of reconfigurable antennas, leading 

to improved performance, versatility, and adaptability. 

 

 

Graph 1.S Parameter comparison of reconfigurable antenna 
in different conditions 

The below figure 5 represents the VSWR results at different 
conditions such as when both the switches s1 and s2 are on, 
both switches S1&S2 are off, and the final case is when one 
switch S1 is on and the other switchS2 is off.The terms i.e., 
Voltage Standing Wave Ratio refers to how much power is 
radiated back. 

 

Graph 2. VSWR plot for the diode all conditions 



         The term VSWR i.e., Voltage Standing Wave 

Ratio refers to how much power is radiated back. The above 

fig.5 shows the VSWR plots for diode all conditions. 

Theoretical condition states that the curve between 2 to 11 

means there will be less reflections. 

RADIATION PATTREN: 

Far-field radiation pattern  

The radiation pattern can be tridimensional function or 
bidimensional. In The latter case the radiation pattern 
represents a cut of the 3D radiation pattern. The 2D gain 
pattern of a lamda/2 dipole antenna. 

 

   

(a) 

 

(b) 

Figure 4 (a) and (b) shows far-field radiation pattern of the 

Reconfigurable antenna  when both switches on and phase 

shift is 0 and 90. 

 

 

(a) 

 

(b) 

Figure 5 (a) and (b) shows far-field radiation pattern of the 

Reconfigurable antenna  when both switches off and phase 

shift is 0 and 90. 

 

(a) 

 

(b) 

Figure 6 (a) and (b) shows Far-field radiation pattern 

realization of the Reconfigurable antenna when  one 

switch is on, and phase shift is 0 and 90. 

In the field of antenna design the term radiation pattern (or 
antenna pattern or far-field pattern) refers to the 
directional(angular) dependence of the strength of the radio 
waves from the antenna or other source. 

 

 

  Graph 3 far-field radiation pattern realization of the 
Reconfigurable antenna when phase shift is 0. 



 

 

 

 

The far field is a critical consideration in the design of 
antennas, including reconfigurable antennas. The far field 
region is the region in space where the radiation 
characteristics of the antenna are independent of its distance 
from the antenna, and it is where the radiated energy is most 
useful for communication purposes. The far field region is 
typically defined as the region beyond the so-called Fresnel 
distance, which is proportional to the square of the antenna 
size and the wavelength of the radiation. The far field 
radiation pattern of an antenna is determined by its geometry, 
the nature of the current flowing on the antenna, and the 
properties of the surrounding medium. The far field radiation 
pattern can be measured experimentally and can be used to 
evaluate critical parameters such as directivity, gain, and 
efficiency. For reconfigurable antennas, the radiation pattern 
can be dynamically adjusted to optimize performance, and 
the far field pattern can be used to evaluate the effectiveness 
of these adjustments. Overall, the far field is a crucial 
consideration in the design of reconfigurable antennas, as it 
determines the efficiency and effectiveness of the radiated 
energy for communication purposes. 

graph 4 far-field radiation pattern realization of the 
Reconfigurable antenna when phase shift is 90 

 

 

Figure 7 shows 2D radiation pattern realization of the 
Reconfigurable antenna 

3D-radiation pattern 

Three-dimensional antenna radiation patterns. The radial 
distance from the origin in any direction represents the 
strength of radiation emitted in that direction. The top shows 
the directive pattern of a horn antenna, the bottom shows the 
omnidirectional  

 

 

Figure 8 shows 3D radiation pattern realization of the 

Reconfigurable antenna when  both switches are off. 

 

 

Figure 9 shows 3D radiation pattern realization of the 

Reconfigurable antenna when  both switches are on. 

 

Figure 10 shows 3D radiation pattern realization of the 

Reconfigurable antenna when  one switch is 

 

Figure 11 Max gain over frequency when both switches 

are off. 



 

Figure 12  Max gain over frequency when both switches 

are on. 

 

Figure 13  Max gain over frequency when both switches 

are on. 

 

Table 1. Parameters of Antenna 

 

 

The parameters of a reconfigurable antenna can vary 

depending on the specific configuration and intended 

application, but some common parameters include: 

Frequency: The frequency range over which the antenna 

operates and can be reconfigured. Bandwidth: The range of 

frequencies over which the antenna provides acceptable 

performance, including parameters such as gain and 

efficiency. Polarization: The polarization state of the 

antenna, which can be reconfigured to match the 

polarization of the incoming signal. Radiation pattern: The 

directional properties of the antenna, which can be 

reconfigured to adjust the direction of maximum radiation, 

beamwidth, and gain. Impedance: The characteristic 

impedance of the antenna and its matching network, which 

can be reconfigured to match the impedance of the 

transmitter or receiver. Switching speed: The speed at which 

the antenna can be reconfigured, which is important for 

applications where rapid adaptation to changing 

communication conditions is necessary. Power handling: 

The maximum power that the antenna can handle without 

damage. Size: The physical size of the antenna, which can 

affect its performance and versatility. Complexity: The level 

of complexity of the antenna design and its associated 

reconfigurability, which can affect factors such as cost, 

reliability, and ease of implementation. 

Overall, the specific parameters of a reconfigurable antenna 

depend on the intended application, and careful 

consideration must be given to their design and optimization 

to ensure optimal performance and adaptability. 

 

CONCLUSION:     

In conclusion, the design of reconfigurable antennas is 

an active area of research that has significant potential for 

improving the performance and functionality of wireless 

communication systems. Reconfigurable antennas offer the 

ability to dynamically adjust their radiation properties, such 

as frequency, polarization, and beam direction, to adapt to 

changing communication requirements. Various techniques, 

such as frequency reconfigurability, polarization 

reconfigurability, and beam steering, can be used to achieve 

this adaptability. The design of reconfigurable antennas 

involves a combination of theoretical analysis, numerical 

simulations, and experimental measurements, and requires 

careful consideration of factors such as antenna size, 

bandwidth, efficiency, and complexity. Future work in this 

area is likely to involve the integration of reconfigurable 

antennas with other technologies, the use of novel materials 

and fabrication techniques, and the optimization of antenna 

designs using advanced techniques such as machine learning 

and genetic algorithms. 
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