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ABSTRACT 

In this paper, a hexagonal patch antenna is presented for 

wireless applications. Proposed antenna is designed on low 

cost FR4 glass epoxy substrate with relative permittivity of 

4.4 and thickness 1.6mm. The quad band behavior is obtained 

by using inset feeding technique. The centre frequencies of 

the operating bands are 3.55GHz, 5.94GHz, 8.50GHz and 

9.47GHz. Values of return loss and VSWR are at the 

acceptable level for each frequency bands of operation. 

Antenna parameters like gain, bandwidth and radiation pattern 

are also observed and analyzed in this paper. HFSS V13 

software is used to design and simulating the proposed 

antenna. The antenna can be used for different applications 

such as wireless point to point communication, WLAN and X-

band. 
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1. INTRODUCTION 
Different types of fractal structures had been developed by the 

researchers. B. Mandelbort was the first to describe the 

complex structure of fractal antenna in 1975 [1] [2]. In recent 

years the fractal antennas experienced a large growth in the 

field of wireless communication, due to its many advantages 

like multiband behavior, small size and fulfill the need of 

modern communication [3]. Fractal is a rough geometric 

structure and is divided into sub-parts, where each part is a 

reduced copy of the whole structure [4]. Two properties are 

used to design the geometries of fractal antennas, one is self-

similarity and the other is space-filling [5] [6]. Self-similarity 

property of fractal is used to divide the parts of whole 

structure at different scales and space-filling is used to 

achieve the miniaturization of antenna [7]. The geometries of 

fractal antenna are designed to achieve the wideband and 

multiband characteristics which are the need of modern 

wireless communication systems [8]. There  are many 

structure of antenna has been designed by the researchers such 

as Contors  set, Koch curves, Sierpinski carpet, Sierpinski 

gasket, Meander, Minkowski etc [9]. 

In this paper a hexagonal antenna with fractal slots has been 

designed. The line feed and inset line feeding techniques are 

applied to analyze the behavior of designed antenna. Different 

parameters have been observed at different frequency bands 

of operation. The detailed design of antenna and all the 

simulated results of the proposed antenna are discussed in 

section 2 and 3 respectively. 

2. ANTENNA DESIGN 

 

Figure 1: Proposed antenna initial geometry 

Figure 1 shows the initial geometry of proposed antenna. The 

radius of hexagonal shaped patch is calculated by using 

equations (1) to (3) as R1=12.6mm. To calculate the radius of 

circle different parameters has been taken into consideration 

such as dielectric constant, height of substrate and resonant 

frequency of antenna. In this design FR4 glass epoxy substrate 

with dielectric constant 4.4, height of substrate 1.6mm and 

resonant frequency of 3.2GHz is used.   
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Where; 

a = radius of circle 

ae = effective radius of circle 

c = velocity of light in free space 

fr = resonant frequency 

h = height of substrate 

Ɛr = dielectric constant of substrate 
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Figure 2: (a) Initiator and (b) procedure for designing 

fractal slots 

The initiator as shown in Figure 2 (a) depict the one side of 

the hexagonal geometry of patch out of six sides and the 

length X=12.6mm. The fractal slots has been designed as 

shown in Figure 2 (b) with length a=1.4mm and width 

b=1.4mm. Geometry with fractal slots is applied to all the six 

sides of the hexagonal geometry of patch to obtain the final 

geometry of the patch of proposed antenna. The line feeding 

technique is applied to provide the excitation to the proposed 

antenna as shown in Figure 3. To enhance the performance of 

designed antenna an inset cuts are applied to the feed line as 

shown in Figure 4. Parametric values of proposed antenna are 

shown in Table 1. The performance of antenna with and 

without inset feeding technique is discussed in section 3.  

 

Figure 3: Proposed antenna without inset feed 

 

Figure 4: Proposed antenna with inset feed 

 

 

Table 1: Proposed antenna parametric values 

S. No. Parameters  Description Values 

1. WS Width of Substrate 45 mm 

2. LS Length of Substrate 44.92 mm 

3. WF Width of Feed 1.80 mm 

4. LF Length of Feed 11.54 mm 

5. WI Width of inset cut 1 mm 

6. LI Length of inset cut 3.5 mm 

7. X Length of initiator 12.6 mm 

8. a Length of fractal slot 1.4 mm 

9. b Width of fractal slot 1.4 mm 

3. RESULT AND DISCUSSIONS 

3.1 Return loss and VSWR 
Return loss versus of frequency plot of proposed antenna 

without inset feed and with inset feed is depicted in Figure 5 

and Figure 6 respectively. 

 

Figure 5: Return loss curve of antenna without inset cut 

 

Figure 6: Return loss curve of antenna with inset cut 

The antenna with inset feed works on two resonant frequency 

bands such as 6.99GHz and 8.45GHz. Proposed antenna with 

inset feed works on four frequency bands of operation such as 

3.55GHz, 5.94GHz, 8.50GHz and 9.47GHz. By observing 

both the return loss curves of proposed antennas, it has been 

concluded that the frequency of antenna shifted toward lower 

side without affecting the dimensions of antenna. The shifting 

of frequency band is achieved by introducing the inset feeding 

technique in the proposed geometry of antenna. The values of 

return loss at all the frequency bands are at acceptable level 

(return loss less than -10dB). VSWR versus of frequency 

curves of proposed antenna for both the geometries are 

depicted in Figure 7 and Figure 8 respectively. Values of 
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VSWR at all the frequency bands are also at acceptable level 

(VSWR less than 2). The values of return loss, VSWR and 

bandwidth at all the frequency bands for both the geometries 

of proposed antenna are shown in Table 2. 

 

Figure 7: VSWR curve of antenna without inset cut 

 

Figure 8: VSWR curve of antenna with inset cut 

Table 2. Proposed antenna simulated results    

Proposed 

Antenna 

Frequency 

(GHz) 

Return 

Loss  

(dB) 

VSWR 

Band 

width 

(MHz) 

Without 

inset feed 

6.99 -12.99 1.57 150 

8.45 -10.90 1.79 80 

With inset 

feed 

3.55 -10.55 1.84 60 

5.94 -13.20 1.55 130 

8.50 -17.97 1.28 120 

9.47 -20.45 1.20 750 

 

3.3 Gain and Radiation pattern 
The gain of proposed antenna is simulated at all the resonant 

frequencies for both the geometries of proposed antenna. 

Value of gain is at the acceptable level as shown in Table 3. 

Radiation pattern is the graphical representation of relative 

field strength of antenna. The useful portion of radiation 

pattern is at phi=0o and phi=90o. The 2D radiation pattern and 

3D gain plot of antenna for both the geometries at different 

frequency bands is shown in Figure 9 and Figure 10 

respectively. 

 

(a) 

 

(b) 

Figure 9: 2D radiation pattern and 3Dgain plot at (a) 

6.99GHz and (b) 8.45GHz frequency band 

 

(a) 

 

(b) 

 

(c) 
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(d) 

Figure 10: 2D radiation pattern and 3Dgain plot at (a) 

3.55GHz, (b) 5.94GHz, (c) 8.50GHz and (d) 9.47GHz 

frequency band 

Table 3. Simulated gain of proposed antenna    

Proposed 

Antenna 

Frequency 

(GHz) 
Gain(dB) 

Without inset feed 
6.99 2.82 

8.45 1.89 

With inset feed 

3.55 2.10 

5.94 2.90 

8.50 3.62 

9.47 6.40 

4. CONCLUSIONS 
This paper presents the design of hexagonal antenna with 

fractal slots for wireless applications such as WLAN, x-band 

and wireless point to point communication. Inset feeding 

technique is applied to achieve the quad-band behavior of 

proposed antenna. The frequency is also shifted towards the 

lower side without affecting the antenna dimensions. Gain and 

bandwidth of proposed antenna is also calculated at each 

frequency band. Value of maximum gain and bandwidth is 

6.40dB and 750MHz respectively at 9.47GHz frequency band. 

The value of return loss and VSWR is also at acceptable level. 
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