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Abstract— The idea of reconfigurability has been linked 
to the existing single usable microstrip patch antennas by 
making the necessary geometrical structure alterations 
through exchanging and displaying the antenna, especially 
when considering resounding frequency, polarization, and 
impedance bandwidth. A small, straightforward antenna 
with a microstrip line feed and a frequency reconfiguration 
mechanism is constructed and evaluated. A Slotted 
Microstrip Patch Antenna with a UWB frequency 
reconfigurable is designed for cognitive radio applications. 
A microstrip patch, feed, and ground are all constructed in 
accordance with the parameter values in this specific 
design. In order to provide frequency reconfigurability, 
two diodes are positioned on a patch's rectangular slot. 
Applications for the proposed antenna include Ku-band 
(12.7–13.80) GHz and X-band satellite communications 
(8.05–9.75) GHz. It has been demonstrated that altering 
switch configurations can modify the antenna's operating 
frequency without altering the emission pattern. Finally, 
this suggested UWB Frequency Reconfigurable Slotted 
Antenna was to be developed using the Teaching Learning 
Based Optimization (TLBO) algorithm. 

Keywords — Frequency Reconfigurable, Ultra wide band, 
PIN Diodes, Cognitive Radio, TLBO 

I. Overview       

  Frequency Reconfigurable receiving wires are 
made up of radio wire components that can independently 
change their physical configuration, altering the reception 
apparatus's recurrence characteristics while maintaining 
constant radiation conduct. Reconfiguring one normal for 
the receiving wire eventually affects the other parameters, 
such as design variety and recurrence reaction, and vice 
versa. One of the main obstacles to the advancement of 

reconfigurable reception apparatuses is this relationship. 
This type of reconfiguration includes multiband or possibly 
stop band characteristics, coordinated impedance 
switching or relocating a resounding recurrence.  

These adjustable reception devices fall into two 
kinds; they are constantly swapped out. In order to work at 
specific and isolated recurrence groups, exchanged tunable 
recurrence reconfigurable radio wires consider 
unmistakably changing instruments. The degree of 
variations in the electrical length that allow for tunability 
over different recurrence groups and the techniques to 
achieve these changes are where the two types truly differ 
from one another. The most popular approach to achieve 
recurrence reconfigurability involves implementing a 
transmitter adjustment reconfiguration system to the 
microstrip receiving wires to change the successful 
electrical length, which allegedly changes working 
recurrence. 

The working recurrence is mostly determined by 
the antenna's electrical length. In the most well-known 
straight dipole radio wire, for instance, when the receiving 
wire is half a wavelength long and has an unidirectional 
radiation example fixed on and ordinary to the dipole 
pivot, it resounds at its initial principal mode. The radio 
wire needs to be cut precisely to the half wavelength at the 
new recurrence with a similar radiation design in the 
unlikely event that one wants to operate the receiving 
device at greater recurrence. Frequency reconfigurable 
radio wires have the advantage of limiting the amount of 
general reception equipment by allowing the absolute 
receiving wire volume to be reused through their unique 
operating modes. 
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        Figure 1: Frequency Reconfigurable Antenna 

II. Teaching Learning Based Optimization  

            Teaching Learning Based Optimization is an 
optimization technique based on population that mimics 
the teaching-learning dynamics of an actual classroom. 
Students (learners) and an instructor make up the 
algorithm's components. This algorithm is divided into two 
stages: the teacher phase, where students learn from the 
teacher, and the learner phase, where students learn from 
other students. Student grades are seen as algorithmic 
outputs that rely on the caliber of the instructor. 
Conversely, new wireless communication systems have 
recently focused on frequency reconfigurable antennas, or 
FRAs. The elimination of the need for multiple antennas in 
a single system, the ability to tune an antenna for various 
uses, the resolution of microstrip antennas' narrow band, 
the suppression of unwanted signals and noises from non-
operating bands, and sufficiency for cognitive radio 
applications are some significant benefits of frequency 
reconfigurable antennas. Due to their inherent design 
complexity in comparison to more conventional varieties, 
optimization algorithms are quite helpful when designing 
such antennas. This work aimed to bring the Teaching 
Learning Based Optimization (TLBO) method to the design 
of frequency reconfigurable antennas and enhance its 
performance by using a chaos system.  

III. Antenna Design with modes of operation 

The planning and analysis of a straightforward 
and conservative antenna with a frequency reconfiguration 
mechanism and microstrip line feed is done. For cognitive 
radio applications, an opening microstrip fix receiving wire 
with a customizable UWB frequency is designed. This 
specific design includes feed and ground as well as a 
microstrip patch that is created based on the parameter 
values. This design uses two diodes in a rectangular slot on 
the patch to achieve frequency reconfigurability. Figure 2 
is a representation of the planned patch antenna's 
geometry and dimensions, while Figure 3 shows the 
completed antenna. The antenna is etched into a single 
layer of inexpensive FR4 substrate that has a thickness of 
1.6 mm and a dielectric constant of 4.4.The suggested 

antenna features a complete ground plane and a 
straightforward patch. The usual micro strip patch antenna 
design formulae were used to determine the patch's 
dimensions. The center frequency of the antenna's design 
was 6.4 GHz. High gain can be achieved by reducing the 
patch dimensions by truncating the corners of microstrip 
patches with varying dimensions. 

        

  Figure 2: Proposed Slotted Patch Design 

Two PIN diodes are positioned on a rectangular 
slot to achieve frequency reconfigurability. The recurrence 
of activity of the radio wires is altered by the variation of 
opening lengths; for this reason, PIN diodes are used in 
spaces with varying lengths. As lumped RLC organizes, PIN 
diodes are shown. In the proposed plans, HFND4005 PIN 
diodes are used. The PIN diode arrangement has an 
obstruction value (R=4KΩ) while it is in the forward bias 
(ON) state and a capacitance (C=0.017pf) when it is in the 
switch bias (OFF) state. 

          

                Figure 3: Fabricated Microstrip Patch Antenna 

          The 1.5 x 0.75 mm diodes are positioned on the 
corners of the rectangular slot that is 45 degrees rotated 
along the z axis. Since HPND4005 pin diodes are widely 
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accessible and best suited for fabrication, they are utilized. 
Pin diode switching allows for frequency range 
reconfiguration. Thus, the antenna may flip between 
several frequency ranges. Table 1 shows the geometrical 
parameters of the suggested microstrip patch antenna. 
Figure 4 depicts the biasing configuration of the 
manufactured antenna. 

    Table 1: Geometrical Parameters of Proposed Design. 

Parameter Value (mm) 

Substrate Length (Ls) 29 

Substrate Width (Ws) 28 

Substrate Height 1.6 

Patch Length (L) 10.5 

Patch Width (W) 14 

Microstrip Feed Width 3.5 

 

 

Figure 4: Biasing setup of Fabricated  
              Reconfigurable Antenna 

      IV. Simulated & Experimental Results 

The antenna is made on a 1.6mm thick FR4 
substrate with a misfortune digression of tan δ=0.027. 
Reception apparatus is made using a typical 
photolithography process. Both single band and double 
band modes of operation are possible with the specified 
antenna. Figure 5 shows the return losses curve for both 
simulated and experimental values, and Figure 6 shows the 
voltage standing wave ratio (VSWR) curve for both 
simulated and experimental values. The optimal 
recurrence range is less than 2 and more than 10dB, 
respectively. Return losses will be more significant than 
10dB in the double band configuration (maximum of 
16.2dB) between 12.7GHz and 13.8GHz. 13.2GHz is the 
thundering frequency (fr) in this double band scenario. A 

comparison of the two groups in this double band 
arrangement reveals that this resounding recurrence band 
has some elevated esteems. 
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Figure 5:   Simulated & Measured S11 of Proposed 

Antenna when (Diode D1,D2- ON,OFF cases) 
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Figure 6:   Simulated & Measured VSWR of Proposed 

Antenna when (Diode D1,D2- ON,OFF cases) 

The single band configuration will function 
exceptionally well between 9.19GHz and 9.76GHz. The 2D 
radiation patterns and 3D polar plots for the D1&D2 on 
and off cases are shown in Figs. 7 and 8. Four switching 
states—00,01,10,11—are included in this suggested design 
when all cases are taken into account, with the 00,11 cases 
accounting for both diodes D1, D2-On and Off situations. In 
these states, single and double bands are present.  
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Figure 7:   3D polar plot & 2D radiation pattern of 

Proposed design when Diode D1,D2-OFF case. 

 
Figure 8:   3D polar plot & 2D radiation pattern of 

Proposed design when Diode D1,D2-ON case 

V. Summary    

          Table 2 summarizes the suggested frequency 
reconfigurable slotted patch antenna with two diodes to 
achieve reconfigurability.  

Diode 
State 

(D1,D2) 

Bandwidth 
(GHz) & mode 
of operation 

Resonant 
Frequency  

(GHz) 

Return 
Loss 

(S11) 

 

VSW
R 

 

0,0 

(9.19 —9.76) 

(Single band) 

9.54 -26.4 1.2 

 

1,1 

(12.70-13.80) 

(9.31 -9.80) 

(Double band 

13.4 -20.34 1.4 

 

Table 2: Summary of the Proposed Reconfigurable 
Antenna   (2 Diodes). 

                 

 

VI. CONCLUSION 

Reconfigurable antennas must function in a 
dynamic environment while maintaining favorable 
electromagnetic properties. Implementing a switching 
mechanism introduces the idea of reconfigurability. In 
order to adjust the electrical length of the antenna, which 
in turn regulates the operational frequency, switching 
technology is employed utilizing PIN diodes to modify the 
physical geometry. A frequency-reconfigurable slotted 
printed antenna with two diodes that function at separate 
operating bands is proposed in this paper. The antenna is 
suitable for Ku-band applications (12.7–13.80 GHz) and X-
band satellite communications (8.05–9.75 GHz). For 
commercial applications such laptops and mobile phones 
that need dynamic band switching, the suggested antennas 
would be a good fit. 
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