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ABSTRACT 

This paper presents the design of compact slotted rectangular 

microstrip patch antenna for operates 5 GHz. The proposed 

antenna is designed on RT duroid substrate with dielectric 

constant of 2.2 and fed with 50 ohms microstrip line. Further 

DGS (Defected Ground Structure) technique is used to 

increase the gain of the antenna. Bandwidth is enhancing by 

introducing the slot in the rectangular patch antenna. The 

characteristics of the proposed antenna have been studied with 

the help of HFSS (High Frequency Structure Simulator) 

software. HFSS is a high performance full wave 

electromagnetic (EM) field simulator. Ansoft HFSS employs 

the Finite Element Method (FEM). The design targets the 

frequency band (5.180 – 5.825 GHz) being used in various 

wireless communication systems, such as satellite 

communication, radio altimeters etc. The final antenna 

produced 720MHz bandwidth,1.11 VSWR and 7.27dB gain at 

frequency 5.39 GHz.  

General Terms 

In this paper slotting has to be done to enhance the bandwidth. 

Keywords 

Slotting of the patch technique, DGS , C band 

1. INTRODUCTION 
Antenna is basically a guiding transitional that is used for 

radiating or receiving radio waves.  The first well-known 

antenna experiment was conducted by the Heinrich Rudolf 

Hertz in 1886, which consisted of the dipole antenna is also 

called the Hertz (dipole) antenna. Then Guglielmo Marconi 

developed and commercialized wireless technology by 

introducing a radiotelegraph system, where he used Monopole 

antennas (near quarter-wavelength).manuscripts [1]. 

The concept of microstrip antenna was first proposed by 

Deschamps in 1953 [2]. However, practical implementation of 

this concept of microstrip antennas was not achieved until late 

1970s, by Munson and Howell [3].  A conventional microstrip 

antenna in general consists of a conducting patch printed 

grounded microwave substrate with ground plane below, as 

shown in figure 1. Microstrip antennas have attractive features 

of low profile, light weight, easy fabrication, and 

conformability to mounting hosts. However, microstrip 

antennas inherently have a narrow bandwidth, and bandwidth 

enhancement is usually demanded for practical applications. 

To overcome these techniques a number to techniques have 

been proposed in literature. One such technique to increase 

the bandwidth of the antenna is to modify the ground plane, 

referred to as Defective Ground Structure (DGS). 

 

 

 

  
                  
                      Figure 1. Microstrip Antenna 

A Microstrip device literally means a sandwich of two parallel 

conducting layers separated by single thin dielectric substrate. 

The lower conductor is called ground plane & the upper 

conductor is a simple resonant circular/rectangular Patch. The 

metallic patch (usually Cu or Au) may take many geometrics 

viz. rectangular, circular, triangular, elliptical, helical, ring 

etc. The Microstrip patch antenna is commonly excited using 

a microstrip edge feed or a coaxial probe. The canonical 

forms of the microstrip antenna are the rectangular and 

circular patch MSAs. The rectangular patch antenna in is fed 

using a microstrip edge feed and the circular patch antenna is 

fed using a coaxial probe. 

IEEE 802.11b/g/n products operate in the worldwide free 

2.4GHz ISM band. Besides these other wireless technologies 

like Bluetooth, ZigBee and several other proprietary 

technologies also operate in the 2.4GHz band. These large 

numbers of technologies crowding the same frequency band 

lead to interference problem. To remove stress on this band, 

now days IT communication is permitted to 2.4GHz band and 

M2M communication is being shifted to 5GHz ISM band 

(5.180 – 5.825GHz). Also the IEEE 802.11a radio utilizes the 

5GHz frequency band. Hence more and more applications 

now days target this unlicensed 5GHz band. Thus this paper 

work targets this band.  

2.  ANTENNATHEORY AND DESIGN 
Ansys HFSS is for designed the proposed antenna for 

5GHz ISM band. First a simple rectangular microstrip antenna 

(RMSA) is designed using RT duroid as substrate. It has 

dielectric constant of 2.2 and a loss tangent of 0.0009. Table I 

below gives the formulas for the calculating the width and 

length of the patch. The width (W) and length (L) of the patch 

are approximated to 20.8mm and 16mm respectively. Figure 2 

shows the designed RMSA. 

To increase the bandwidth of the antenna a slot is inserted 

in the RMSA. Figure 5 shows the proposed antenna with slots. 

Finally DGS concept is applied to the antenna in figure 5 
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achieve the increase in BW of the antenna. Figure 5 shows the 

final proposed antenna. 

 

Table 1: Antenna Design Parameters 

Dielectric substrate and Loss Tangent εr=2.2, 

tanδ=0.0009 

                 Substrate height 
h = 1.6 mm 

Substrate width 
  W = 21.9 mm 

Effective Dielectric Constant    εeff =2.403 

Length Extension    ∆L=0.59 mm 

Effective Length Leff = 17.91 mm 

Substrate Length L = 16.32 mm 

 

Mathematical Calculation 

Step 1: Calculation of the Width (W ): 

 

 

W = 21.8mm 

Step 2: Calculation of Effective dielectric constant ( εeff): 

                             

                                 εreff = 2.037 

Step 3: Calculation of the Effective length ( Leff ): 

 

                                   Leff = 17.91mm 

Step 4: Calculation of the length extension (ΔL ) : 

 

 

ΔL = 0.59mm 

Step 5: Calculation of actual length of patch ( L ): 

 

                                       L = 16.32mm 

Step 6: Calculation of the ground plane dimensions ( Lg and  

Wg ): 

Lg  = 6h+L  = 6(1.6) + 18.8 = 25.92mm 

Wg = 6h+W = 6(1.6) +  21.8 =31.4mm 

Step 7: Calculation of Microstrip Feed Line Width (w’) 
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Figure 2.Front view of simple rectangular microstrip 

antenna (RMSA) 

                    L = 16mm and W = 21.8mm 

 

Figure 3. Side view of rectangular patch antenna 

 

Figure 4. Rectangular Microstrip Antenna with a slot. 

Ls = -14mm and Ws = 2 
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Figure 5. Slotted Rectangular Microstrip Antenna 

 Ls1=Ls2= -14mm and Ws1=10mm, Ws2 = 2mm 

 

3. RESULTS 
Figure 6 below shows the S11 graph of the simple 

rectangular microstrip antenna (RMSA) shown in figure 2. 

From this it can be seen that the resonant frequency is 5.41 

GHz with BW of 120 MHz. Figure 7 shows the S11 graph for 

the antenna with slots. The resonant frequency is 5.63 GHz 

with BW of 230 MHz. Figure 8 above shows the S11 graph 

slotted rectangular microstrip patch antenna (proposed 

antenna) with increased BW of 720 MHz. 

It is clear from the results that in simple rectangular microstrip 

patch antenna bandwidth is less after inserting the single slot 

bandwidth increased and finally in proposed antenna design 

bandwidth becomes 720 MHz because of slotting technique. 

 

Figure 6. S11 for Simple Rectangular Microstrip Antenna 

 

 

 

Figure 7. S11 for Rectangular Microstrip Antenna with 

slot 

Ls = -14mm and Ws = 2 

 
Figure 8. S11 for slotted rectangular microstrip    

antenna 

       Ls1=Ls2= -14mm and Ws1=10mm , Ws2 = 2mm 

Figure 9 below shows the VSWR graph of the proposed          

antenna. The obtained VSWR is 1.115. Figure 10 and 11 

shows the 3D polar and radiation pattern of the proposed 

antenna design. 

 

         Figure 9. VSWR for proposed antenna. 
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Figure 10. 3D radiation pattern for proposed antenna 

 

  
Figure 11. Radiation Pattern for proposed antenna 

Figure shows radiation pattern of slotted rectangular 

microstrip patch antenna. It shows main lobe and back lobe of 

radiation.  

4. COMPARISON OF RESULTS 
Table 2 below shows the comparison of results for the all the 

designed antennas. In this table we easily find out that 

bandwidth get affected after inserting the slot.   

 

Table 2:  Comparison of simulated results. 

 

Antenna 

Resonant 

Freq 

(GHz) 

VSWR 
Gain 

(dB) 

BW 

(MHz) 

RMSA 5.41 1.133 6.48 120 

RMSA 

with slot 
5.62 1.104 6.46 230 

Proposed 

antenna 
5.39 1.115 7.27 720 

 

From the comparison table it is clear that in first simple 

rectangular microstrip patch antenna gain is 6.48dB and  

bandwidth is 120 MHz. After that single slot inserted in the 

patch of the antenna then results obtained which gain 6.46 dB 

bandwidth is 230 MHz. Gain is not affected but bandwidth get 

affected. Finally in Proposed antenna (Slotted Microstrip 

Antenna) again slot of particular width and length inserted 

and in the results gain as well as bandwidth get affected gain 

obtained 7.27 dB and bandwidth 720 MHz. 

4. CONCLUSION 
The analysis of designed microstrip patch antenna was 

performed by HFSS (High Frequency Structure Simulator) 

software. A compact slotted microstrip patch antenna has been 

designed for C-band applications communication systems. 

It is concluded from the result that in first simple rectangular 

microstrip patch antenna the bandwidth and gain obtained are 

120 MHz and 6.48dB respectively. 

In second design with slot bandwidth and gain obtained are 

230 MHz and 6.46dB respectively. And finally in proposed 

antenna design bandwidth and gain obtained are 720 MHz and 

7.27 dB respectively. All the simulations  result shows that in 

proposed antenna bandwidth and gain are improved at 

frequency 5.39 GHz. The proposed antenna is suitable for 

satellite communication, RADAR application, Missiles 

systems needs very light weight antenna which can be easily 

attached with the systems and not make the system bulky. 
These requirements are main factors to the development of the 

rectangular microstrip patch antenna. 
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