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INTRODUCTION

The slot antennas are very useful because of their low 

cost, small size and easy to manufacture. These type of 

antennas have several advantages in wireless 

applications. But still these antennas have a narrow 

bandwidth. That means, there is a requirement to improve 

the bandwidth of the slot antennas. Here a leaf shaped 

slot antenna is presented in which a slot of leaf shape is 

present at the ground plane. Different types of slots have 

been studied such as, square shape [1], [2], compact 

open slot [3], circle [4], and ellipse [5].

In the field of wireless communication, there are several 

techniques which are used for the purpose of feeding 

along with multiple structures. Since the structure of 

feeding plays an important role to increase the 

bandwidth of the slot antenna, an appropriate structure 

of feeding line is required. Different types of structures 

have been studied for the purpose of feeding like, fork 

shape [6], and U shape [7].

In this paper, a 50Ω microstrip line with a simple tuning stub 

is used because wide slot antenna with the fork type 

tuning stub is very useful for the increment in bandwidth 

[6]. As the structure of the antenna is very simple, the 

characteristics of the antenna are also improved.

Now-a-days, multiband antennas are used in wireless 

communication due to the coverage of several 

applications like GSM, CDMA, and DCS [8], [9]. There are 

multiple conventional techniques like using PIN diode, 

varactor diode, and switches for the multiband operation 

[10], [11], [12].

In this paper, a leaf shaped slot antenna is presented with 

a fork like tuning stub with an operating frequency of 4.5 

Ghz, and the operating bandwidth is from 2.65 GHz to 

6.55 GHz with three bands. Complete simulation is 

performed on the simulation tool, HFSS [13].

1. Antenna Configuration and Design

The dimensions of the microstrip line fed leaf shaped slot 

antenna is shown in Figure 1. FR4 substrate is used in this 
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antenna with the  thickness of 1.6 mm. Relative permitivity 

of the designed antenna is 4.4. Size of the substrate is  
240×40 mm . Designed antenna is simple in structure,  

with a triangular parasitic patch. A 50Ω microstrip line of 

width W  and length L  is taken on top of the substrate. The f f

dimension of the triangular parasitic patch is adjusted to 

attain a contracted design. A leaf shape molded slot is 

etched on the ground plane of the designed antenna to 

increase the bandwidth. In Figure 1, white and gray colour 

regions represent the leaf shaped etched slot and the 

ground plane, respectively. By using a triangular parasitic 

patch and the leaf shaped molded slot, a large 

impedance characteristic (2.65GHz to 6.5GHz) is 

attained. By using a triangular parasitic patch at ground 

plane, a stable symmetrical radiation pattern is obtained.

Design evolution of antenna is presented in Figure 2 and 

their simulated return losses are presented in Figures 3, 4  

and 5. For the planning, all the constraints of the antenna 

are simulated in the Ansoft HFSS software and are given in 

Table 1.

It starts with the structure of the antenna I, which consist of 

a square shape slot on the ground plane with a straight 

feed line and a triangular patch as shown in Figure 2. 

When antenna I is fed by a straight line with a square 

shaped slot, dual band is achieved with a bandwidth of 

3.3GHz. After using a pentagon shape slot in antenna II, 

bandwidth of 3.85GHz is obtained. And finally in the 

designed antenna, in which a leaf shape is used, a triple 

band with 3.9GHz has been obtained. Simulation has 

applied the Ansoft HFSS software.

2. Results and Discussion

The simulated return loss of antenna I is presented in Figure 

3. From the simulated result, a large bandwidth of 3.3GHz 

from 2.70GHz to 6GHz with -10db return loss, has been 

obtained.

The simulated return loss of antenna II is presented in 

Figure 4. From the simulated result, a large bandwidth of 

concerning 85% from 2.65GHz to 6.5GHz with -10db 

return loss, has been discovered.

The simulated return loss of the designed antenna is 

presented in Figure 5. From the simulated result, a large 

Figure 1. Geometry of the Proposed Antenna

Figure 2. Design Evolution of the Designed Antenna

Table 1. Parameters of the Antenna

Figure 3. Simulated Return Loss of Antenna I
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Parameter Antenna (I)
value (mm)

Antenna (II)
value (mm)

Designed 
value (mm)

Antenna

L1 24.7 16 6

L2 24.7 14.1 6

L3 24.7 25.38 2.82

L4 24.7 25.38 2.82

L5 14.1 8.46

L6 - 8

L7 - 19.74

L8 - 19.74 

L9 - 8 

L10 - 8.46 

L  f 15 15 15 

W  f 3 3 

T1 12 12 12 

T2 17.08 17.08 17.08 

T3 17.08 17.08 17.08 

3 

-

-

- 

- 

- 

-
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bandwidth of concerning 85% from 2.65GHz to 6.5GHz 

with -10db return loss, has been discovered. A triple band 

is also achived by using the leaf shaped slot on ground 

plane.

Figure 6 shows the simulated current distribution 

throughout the antenna. In this, the red portion signifies 

the maximum current flow, the green portion signifies the 

moderate current flow and the blue current signifies 

Figure 4. Simulated Return Loss of the Antenna II

Figure 5. Simulated Return Loss of the Designed Antenna

Figure 6. Simulated Current Distribution of the Designed Antenna
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minimum or no current flow. From Figure 6, we can see 

that maximum current flow is on the edges.

The simulated radiation patterns at 3, 3.5, 4, 4.5 and 5GHz 

are shown in 7. From the result it is seen that, the planned 

antenna has omnidirectional radiation patterns. It is 

additionally seen that, the planned antenna has 

symmetrical radiation patterns.

Figure 8 shows the polar plot in three dimension. The 

simulated three dimensional polar plot at 3.5, 4, 4.5 and 

5GHz are shown within the Figure 8. From this we can see 

that power is distributed forward as well as in the backward 

direction. This figure signifies the gain of the designed 

antenna.

From Figure 9, the simulated Voltage Standing Wave Ratio 

(VSWR) against frequency of the antenna can be 

observed. On the basis of the simulated result, it is clear 

that the VSWR value is less than two, throughout the 

frequency range. From the simulated result, it can be 

seen that from frequency 2.65GHz to 6.5GHz, the 

displayed VSWR value is less than 2.

Finally, the simulated antenna gain against frequency is 

shown in Figure 10. By using the triangular parasitic patch 

into the slot, the impedance bandwidth of the 

prearranged antenna is exaggerated. The maximum 

gain within the 2.65-6.5GHz operational band is 

Figure 7. Simulated Radiation Patterns at Different Frequencies

Figure 8. Simulated 3-D Polar Plots of the Designed Antenna

Figure 9. Simulated VSWR of the Designed Antenna

Figure 10. Simulated Gain of the Designed Antenna
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concerned to be 5db.

Conclusion

A slot antenna with bandwidth improvement is presented 

in this paper. By employing a triangular parasitic patch 

into the leaf shape slot impedance, bandwidth of the 

designed antenna is improved by 85% with triple bands. 

The prearranged antenna has a stable far-field radiation 

features within the whole operational bandwidth as a 

result of the appropriate slot form, using the triangular 

parasitic patch. It would be appropriate for Wi-MAX, 

Wireless Local Area Network and lower UWB applications.

References

[1]. J.Y. Jan and J.W. Su, (2005). “Bandwidth 

enhancement of a printed wide-slot antenna with a 

rotated slot”. IEEE Trans. Antennas Propag., Vol.53, No.6, 

pp.2111-2114.

[2]. Y. Sung, (2012). “Bandwidth Enhancement of a 

Microstrip Line Fed Printed Wide-Slot Antenna with a 

Parasitic Centre Patch”. IEEE Trans. on Antennas and 

Propag. Vol.60, No.4, pp.1712-1716.

[3]. Wei Xing Liu, Yin Zeng Yin, Wen Long Xu, and Shao Li 

Zuo, (2011). “Compact Open Slot Antenna With 

Bandwidth Enhancement”. IEEE Trans. Antennas Propag. 

Vol.10, No.8, pp.850-853.

[4]. Shi-Wei Qu, Jia-Lin Li, Jian-Xin Chen, and Quan Xue, 

(2007). “Ultra-wideband Strip-Loaded Circular Slot 

Antenna With Improved Radiation Patterns”. IEEE Trans. on 

Antennas and Propag. Vol.55, No.11, pp.3348-3353.

[5]. P. Li, J. Liang, and X. Chen, (2006). “Study of printed 

elliptical/circular slot antennas for ultra-wideband 

applications”. IEEE Trans. Antennas Propag., Vol.54, No.6, 

pp.1670-1675.

[6]. J. Y. Sze and K. L. Wong, (2001). “Bandwidth 

enhancement of a micro strip line-fed printed wide-slot 

antenna”. IEEE Trans. Antennas Propag., Vol.49, No.7, 

pp.1020-1024.

[7]. Kai Xu Wang and Hang Wong, (2005). “A Circularly 

Polarized Antenna by Using Rotated-Stair Dielectric 

Resonator”. IEEE Trans. and Wireless Propag. Vol.14, 

pp.787-790.

[8]. V.A. Nguyel, R.A. Bhatti and S.O. Park, (2008). “A 

Simple PIFA Based Tunable Internet Antenna for Personal 

Communication Handset”. IEEE Trans. Wireless Propog. 

Letter, Vol.7, pp.130-133.

[9]. N.Behbad and K. Sarabandi, (2006). “Dual Band 

Reconfigurable Antenna with a Very Wide Tenability 

Range”. IEEE Trans. Antennas Propag., Vol.54, No.2, 

pp.409-416.

[10]. H. Okabe and K. Takei, (2001). “Tunable Antenna 

System for 1.9GHz PCS Handset”. IEEE Trans. Antennas 

Propag., Vol.1, pp.166-169.

[11]. D. Peroulis, K. Sarabandi and L.B.P. Katehi, (2005). 

“Design of reconfigurable antennas”. IEEE Trans. Antennas 

Propag., Vol.53, No.7, pp. 645-654.

[12]. F. Yang and Y.R. Samii, (2002). “A reconfigurable 

patch antenna using switchable slots for circular 

polarisation diversity”. IEEE Micro Wireless Comp. Lett., 

Vol.12, No.3, pp.96-98.

[13]. High Frequency Structure Simulation (HFSS), (2013). 

Version 13, Ansoft Corp. Canonsburg, PA.

li-manager’s Journal o  Wireless Communication Networks  Vol.   No. 4 ln ,  4   January - March 2016



RESEARCH PAPERS

15

ABOUT THE AUTHORS

* PG Scholar, Department of Electronics and Communication Engineering, Madan Mohan Malaviya University of Technology, Gorakhpur, India.

** Professor, Department of Electronics and Communication Engineering, Madan Mohan Malaviya University of Technology, Gorakhpur, India.

*** Associate Professor, Department of Electronics and Communication Engineering, Madan Mohan Malaviya University of Technology, 
Gorakhpur, India.

li-manager’s Journal o  Wireless Communication Networks  Vol.   No. 4 ln ,  4   January - March 2016


	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21

