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ABSTRACT 

The microstrip patch antenna is extensively used in the wireless network because 

the Microstrip patch Antenna can be easily manufactured. Bandwidth 

Improvement of the Microstrip patch antenna is shown in this paper. The 

Antenna is made at the 8.5GHz frequency. The material used for the substrate is 

FR4-epoxy. For this material, the dielectric loss tangent is 0.0018. This antenna 

observes the Bandwidth to 660MHz, gain 5.4028, Directivity 5.5068, return loss 

-37.0048, and VSWR 1.0629. In this design there is an Improvement of 

bandwidth to 660 MHz which is suitable for wireless network applications and 

the software which is being used for the simulation is the High-Frequency 

Structure Simulator which is also known as HFSS.  

Keywords – Parasitic patch with square slot, Bandwidth, Microstrip Patch 

Antenna, and Wireless applications. 

 

 

I. INTRODUCTION 

 

A microstrip patch antenna is one of the most popular 

types of printed antenna. Microstrip patch Antenna is 

widely used all over the world for wireless 

transmission. It plays a very significant role in today’s 

world of wireless network systems as well as cordless 

transmission systems. Because of the miniature size of 

the Microstrip antenna, having a less price, and 

reduced mass for that reason they are used over the 

other Antenna. There are many advantages of the 

Microstrip patch antenna and there are many other 

technologies invented for the improvement of 

bandwidth, directivity, and gain. The bandwidth is 

increased by decreasing its dielectric constant value. 

However, increasing the bandwidth using this 

technique can cause some practical issues such as 

increasing in Antenna cost [1]. 

 

In this paper, the Microstrip Patch Antenna works on 

the 8.5GHz frequency. A parasitic patch with a square 

slot is made to improve the bandwidth. We can also 

use other methods for bandwidth improvement to 

increase the substrate thickness using a deflected 

ground [7]. There are some issues to enhance the 

thickness of the substrate. If the value of the thickness 

is enlarged beyond 0.1λ, then there happens an 

abasement of the Microstrip Patch antenna attainment 
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due to the surface wave propagation [9]. So as we know 

the drawbacks of the above-mentioned method so we 

are using a parasitic patch with a square slot method 

for the bandwidth Improvement. With the help of this 

method, there doesn’t exist a deterioration of the 

Microstrip Patch antenna performance. We have 

increased the Bandwidth by using a square slot instead 

of using a rectangle slot on the parasitic patch. 

Bandwidth Improvement of Microstrip patch antenna 

using parasitic patch is up to 660 MHz. 

 

II. Microstrip patch Antenna Design 

 

The below-mentioned figure shows the Antenna 

design. The substrate is made of FR4 epoxy material 

and the thickness given to this substrate is given as 

1.6mm. The dielectric loss tangent for the material is 

0.0018. In the given design the patch is divided into 

two parts named as main patch and the parasitic patch. 

In the main patch, a hexagon slot is used and a square 

slot is used in the parasitic patch. The dimensions are 

explained with the help of the given table. 

 

 
Fig. 1. Microstrip Patch Antenna Design
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  Fig.  2. Design Parameters of the Microstrip Patch Antenna 

50 ohms input impedance for a feed line is used in this design. The patch is divided into two parts named as main 

and the Parasitic patch so there exists a gap between them of 0.5mm. The thing is less technical and more ethical 

and legal [6]. If there exists any variation in the distance then there is a change in the performance.  

 

Table1. Dimension of Microstrip Patch Antenna Design 

Parameter Dimension 

Ground length 16mm 

Ground width 18mm 

Substrate length  16mm 

Substrate width  18mm 

Substrate thickness 1.6mm 

Main patch length  9mm 

Main patch width  5.75mm 

Parasitic patch length 9mm 

Parasitic patch width  5.75mm 

 

 

III. RESULTS AND DISCUSSION 

 

The result for the parasitic patch with square slot Microstrip Patch Antenna is given below in the figure. This 

Antenna works at the 8.5GHz frequency and the calculated Bandwidth is 660 MHz this Bandwidth can also be 

written in the percentage form i.e. 7.76%. The return loss is obtained at -37.0048. There exist an increase in the 

bandwidth from 557.2MHz to 660 MHz or 6.55% to 7.76%. The return loss obtained is-41.4030 dB. In the 
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percentage form, the bandwidth can be written as 6.55%. Concerning execution time and accuracy, the results 

are compared [12]. 

 

 
Fig.3 Bandwidth comparison of both the Antennas 

 

The above figure shows the comparison between the bandwidth of the two antennas. The red & the black 

graph lines show the s11 parameters of the Microstrip antenna with different configurations.  

 

IV. Radiation Pattern of the Microstrip Patch Antenna 

 

 
 

Fig.4 RADIATION PATTERN 
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Table 2. Comparison between design slots of both the Antennas 

 

Design slot                VSWR Return loss Bandwidth 

Rectangular slot 1.0172 -41.4030 557.2MHz 

Square slot 

(This work) 

1.0629 -37.0048 660MHz 

 

The calculated VSWR is 1.0629. 

 

. 

Fig 5. Plot of VSWR 

  

The maximum gain of the made Microstrip Patch Antenna design is calculated to be 5.4028 dB.  

 

 
Fig. 6. Gain Result 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 9 | Issue 3 

Dr. Mawahib Sharafeldin Adam Boush et al  Int J Sci Res Sci Eng Technol, May-June-2022, 9 (3) : 396-403 

 

 

 

 
401 

 
Fig. 7 Directivity Result 

 

The maximum directivity of the Antenna is 5.5068. 

 Hexagon slot provides enhanced Bandwidth, Gain, Return Loss, directivity, and VSWR The comparative table 

is given below which shows all the comparisons done by the different methods and the analysis. 

 

Table.3. Performance comparison with various slot on  Microstrip Antenna 

 

Slots used in the 

Microstrip 

Antenna 

Gain Return loss VSWR Directivit

y(dB) 

Bandwidt

h(MHz) 

Triangle 4.325 -35.80 1.21 5.348 423MHz 

Square 4.532 -37.112 1.25 5.425 512MHz 

Pentagon 5.723 -39.672 1.16 5.542 558MHz 

Hexagon 

 

5.402 -37.048 1.0629      5.506 660MHz 
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V. SURFACE CURRENT DISTRIBUTION ON THE PATCH 

 

The surface current distribution of the designed Microstrip Patch antenna with the square slot is given below. 

 

 
Fig. 8 Current distribution of Microstrip Patch antenna with the square slot. 

 

VI. CONCLUSION 

 

A parasitic patch with a square slot is used for the 

enhancement of the bandwidth. When a single square 

patch is used then the bandwidth becomes 440 MHz 

i.e. 5.14%. And it is observed that when a parasitic 

patch is made then the bandwidth is observed is 660 

MHz i.e. 7.76%. The calculated efficiency of the 

proposed Microstrip Antenna is 98.12%.  So it is a very 

good technique for the bandwidth improvement and 

this proposed design of the Microstrip Antenna has 

wide use in the wireless communication system. 
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