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Abstract 
 

Microstrip antennas that can operate in single and multiple frequency bands are required in various wireless communication devices. A 

single patch, square shaped microstrip patch antenna having high directivity and gain is proposed in this paper. The geometry of pro-

posed antenna is optimized using Genetic Algorithm (GA) to operate in X-Band for wideband applications. The proposed antenna design 

exhibits a wide operating bandwidth 550 MHz (simulated) and 450 MHz (measured), high gain and directivity of about 8.35 dB (simu-

lated) making it suitable for wideband applications. The proposed antenna design works in X-band which has weatherproof characteris-

tics and supports easy communication of voice, data, images and HD videos. The attractiveness of the GA design over the traditional 

design methods is its ability to achieve the desired performance by using a simple design of single patch antenna. 
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1. Introduction 

Microstrip patch antennas are of low profile, simple and inexpen-

sive to manufacture, conformable to any surfaces, compatible with 

MMIC designs, mechanically robust, can be mounted on rigid sur-

faces. They show good flexibility in their impedance characteris-

tics, operating frequency and polarization pattern [1]-[3] the mo-

ment their patch shape and mode are specified. These antennas 

find their usefulness in all bands under super high frequency. The 

sizing control of microstrip antennas are becoming an essential 

design consideration caused by rapid reduction in the size of 

gadgets used for personal communications. Although, suitable 

antenna design has become tight and difficult in the recent years 

with built-in trade-offs that are present between the selection of 

parameters like bandwidth, directivity, gain, radiation pattern, etc, 

making design a lengthy process. Optimization techniques are 

evolving as a fast method of realization in the field of engineering 

[4]. In recent times, numerous methods are used to optimize its 

performance by using pre-existing optimization techniques e.g. 

particle swarm optimization (PSO) [5] and genetic algorithm [6]-

[9]. Genetic algorithm (GA) is an efficient optimization method, 

having its applications in the open areas of Electromagnetics [10]. 

GA based on the Darwinian principles of natural evolution and 

selection has been utilized to improve the performance of mi-

crostrip antenna and their parameters like bandwidth, directivity, 

gain, size [6]-[12] etc. 

X-band have exceptionally high link availability in all weathers 

including rain, sand storm and other challenging conditions. X-

band supports the communication of voice, data, images and HD 

video. 

 

2. Microstrip Antenna Design, Results and 

Discussion 

Selection of the operating frequency and substrate are the initial 

steps in the designing of the microstrip antenna. The operating 

frequency in the proposed design is 11 GHz, within the X-band of 

super high frequency. This frequency band is the most durable 

band in the wire-less communication. The commercially available 

substrate material RT/duroid with height of 1.574 mm has a die-

lectric constant of 2.2. Using the equations for obtaining the di-

mension of the microstrip antenna [1], the initial antenna was 

designed having the patch length of 8.08 mm and patch height of 

10.77 mm. GA was applied to optimize the antenna design to 

achieve high gain and directivity. The square shaped antenna hav-

ing edge size of 8.08 mm is obtained as a result of GA based op-

timization. The code for GA algorithm is integrated with HFSS 

environment using MATLAB. A block diagram of a GA based 

simple optimizer is shown in Figure 1. GA parameters such as 

string of bits (chromosome), population size and total number of 

generations used for the purpose of optimization of antenna geom-

etry parameters to achieve higher bandwidth is discussed in Table 

1. The substrate is also of square in shape with the edge dimension 

of 38.4 mm. The square patch and the transmission line is con-

nected with an stub for perfect impedance matching [1, 15]. The 

overall dimension of the proposed antenna is shown in Figure 2. 
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Fig. 1: A simple genetic algorithm optimizer [18]. 

 
Table 1: GA Parameters used for the purpose of antenna design 

 

GA Parameters Values 

Number of decision variables 34 Bit 
Population type Bit String 

Population Size 200 

Selection Roulette 
Scaling Rank 

Reproduction Elite Count 2 

Crossover Fraction 0.8 
Crossover Single Point Crossover 

Mutation Uniform (0.01) 

Migration Both front and back 
Penalty factor 100 

Initial Penalty 10 

Total number of Generations 200 

 

 

 
Fig. 2: Proposed antenna with dimensions. 

 

The simulation of the proposed antenna is carried using HFSS 

soft-ware of Ansoft. Mechanical etching using computer-aided 

technique is employed in the fabrication of the antenna. The Re-

turn losses (S11) of the fabricated antenna are measured using 

vector network analyser. Figure 3 shows the fabricated antenna. 

The simulated and measured return losses (S11) with respect to 

the frequency (X-band) are presented in Figure 4. The return loss 

(S11) curve is a smooth and sharp one with the resonant frequency 

at 10.9 GHz having 32 dB (simulated results) and 27 dB (meas-

ured results) of reflection coefficients. The proposed antenna 

shows 550 MHz (simulated re-sults) and 450 MHz (measured 

results) of bandwidth. Measured and simulated result are almost 

identical (refer Figure 4). 

 

   Two dimensional (2D) and three dimensional (3D) radiation 

patterns are plotted and shown in Figure 5. A plot of gain and 

directivity over the X-Band range (8 GHz to 12 GHz) of the an-

tenna is presented in Figure 6. It shows that the proposed antenna 

has a very high gain and directivity. At the peak resonant frequen-

cy of 10.9 GHz, proposed antenna exhibits a gain of 8.328 dB. 

The maximum radiation intensity of the proposed antenna is 3.89 

mW/str. The 2D plot (shown in Figure 5) also revealed almost 

zero back lobes (no back radiations) for the proposed antenna. In 

the next section, the impedance of the antenna is calculated using 

transmission line model. 
 

 
Fig. 3: Image of the fabricated antenna (top view). 

 

 
Fig. 4: Measured and simulated return losses (S11) of the antenna. 

3. Impedance calculation 

Impedance bandwidth is an important identity in the realistic of 

antenna [14]. The analysis of the microstrip antenna can be math-

ematically done with either transmission line modelling [15] or 

using differential time modelling [16]. The patch of the antenna is 

represented as a parallel-plate transmission line. It is comprising 

of two radiating slots, each of width W and height h. This model 

provides a relatively fair insight into the behaviour of the patch 

antenna. The general representation of a 3-port transmission line 

[15] of the microstrip antenna is represented in Figure 7. 

 

   The admittance matrix of 3-port circuit is given as follows: 

 

[𝑌] =  [

𝑌𝑠 + 𝑌𝑐 coth(𝛾𝐿1) −𝑌𝑚 −𝑌𝑐 csch(𝛾𝐿1)

−𝑌𝑚 𝑌𝑠 + 𝑌𝑐 coth(𝛾𝐿2) −𝑌𝑐 csch(𝛾𝐿2)

−𝑌𝑐 csch(𝛾𝐿1) −𝑌𝑐 csch(𝛾𝐿2) 𝑌𝑐 coth(𝛾𝐿1) + 𝑌𝑐 coth(𝛾𝐿2)
]     (1) 

 

Here, Yc is the characteristic admittance of the microstrip line 

formed by the patch. And, Zc = 1/Yc is the characteristic imped-

ance. Taking the result of the generalized solution of [Y], the val-

ues of characteristic impedance [17] (Zc) in terms of antenna pa-

rameters is given in equation 1. 

 

𝑍𝑐 =  
120𝜋/ √𝜀𝑒𝑓𝑓

𝑊

ℎ
+1.393+0.667 ln (

𝑊

ℎ
+1.444)

             (2) 
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Fig. 5: (A) 2D radiation patterns for F at 0 degree and 90 degree; (B) 3D 

Radiation Pattern 

 
Fig. 6: Plot of gain and directivity of the proposed antenna 

 

Using the value of the dielectric constant (e), height of substrate (h) and 

width of patch (W), the measured value of impedance comes out to be 
52.33 W, which is exactly close to the theoretical value of 50 W. This 

matching of impedance is the reason for high gain and directivity of the 

proposed antenna. 
 

 
Fig. 7: 3-port transmission line [15] 

 

 

 

4. Conclusion 

A square shaped, single-patch microstrip antenna having high gain 

and directivity (both of 8.35 dB) is presented in this paper by ap-

plying genetic algorithm technique to optimize the geometry of 

the rectangular patch. The substrate used to design and fabricate 

the antenna is RT/duroid with low dielectric constant. A substrate 

with low dielectric constant is helpful in increasing the radiation 

of the wave intensity and thus helpful in high directivity. This 

consequently increases the gain. The simulation and measured 

results are almost identical and displaying wide bandwidth in X-

band. The calculated impedance using transmission-line modeling 

is 52.33 W. Impedance calculations along with the proximity of 

simulation and a measured result authenticates the design proce-

dure of the antenna. The simple shape and small size of the pro-

posed antenna is obtained by optimization using genetic algo-

rithm. The novelty of this work is the simplicity of the antenna 

design making it easy to fabricate. 
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