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Abstract 

This manuscript presents the novel design of rectangular microstrip patch antenna based on fractal 

techniques for wideband applications. In this design, T-slots are introduced in rectangular patch geometry 

by varying the dimensions of slots which follow the concept of fractal properties. The HFSS V13 software 

is used to design, simulate and analyze the proposed antenna. Low cost FR4 glass epoxy substrate with 

thickness 1.6mm and dielectric constant 4.4 is used to design the proposed antenna at resonant frequency 

of 2.45GHz. Proposed antenna efficiently works on four frequency bands (2.0GHz, 6.5GHz, 8.4GHz and 

9.7GHz) with acceptable value of gain, returns loss and also reports wide bandwidth. It exhibits the good 

omnidirectional and bi-directional radiation pattern at the frequency band of 2.0GHz. Proposed antenna 

can be used for different wireless applications such as point to point high speed wireless communication 

(5.925GHz – 8.5GHz), bluetooth (2.41 – 2.49GHz) and X-band application. 

1. Introduction  

The microstrip patch antenna gaining momentum in the field of wireless communication system due to its 

unique features; such as light weight, low cost, low volume, low profile, conformal configuration, ease of 

installation and compatibility with integrated circuits [1]-[2]. These antennas are consist of dielectric 

substrate on which the patch is situated on one side and ground plane on other side. Antennas are excited by 

different feeding techniques which setup the strong field inside the cavity and strong distribution of current 

on the surface of patch and ground plane [3]. Due to the advantages of microstrip patch antenna these are 

widely used in modern communication devices for wireless application. There are also some disadvantages 

have been reported in microstrip patch antennas such as narrow bandwidth [4] and less gain [5] which limits 

its use in applications like satellite and mobile communications. To overcome these drawbacks large number 

of techniques has been employed by the researchers in the geometry of microstrip patch [6] such as 

introduction of slots [7], using different types of substrate material, using fractal geometry, using partial or 

defected ground structures and using capacitive and inductive loading [8]. By employing all these 

techniques the microstrip antennas are able to achieve multiband and wideband characteristics. Multiband 

and wideband antennas are used for different wireless applications because the single antenna is capable to 

work under various application, which limits the use of different antennas for different applications and also 

reduce the size of antenna [9]. Different types of feeding techniques such as probe/coaxial fed, CPW fed and 

transmission line fed is also helpful in for the antenna to resonate at various frequency bands [10]. By 
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designing the multiband and wideband antennas we can fulfill the demand of modern communication 

system, because it covers most of the applications in the field of wireless and microwave communication 

such as WiMAX, WLAN, bluetooth, GPS, GSM, CDMA, RADAR, PCS, satellite and many more wireless 

applications [11].  

Extensive research has been carried out in the field of microstrip patch antennas. Some of them has been 

discussed in this work such as; double C shaped microstrip antenna has been designed for UWB applications 

and exhibit the gain of 6.18dB with a narrow bandwidth of few MHz [12], a triple band stacked patch 

antenna uses the slotted ground structure having a narrow bandwidth with a maximum gain of 5.8dB [13], 

rectangular antenna has been designed for WLAN applications to achieve the gain of 3.35dB at 2.45GHz 

frequency band, it also shows the bandwidth of few MHz [14], rectangular microstrip antenna with truncated 

corners using T and U shaped slots have been designed for single frequency band of operation and exhibit 

narrow bandwidth [15], compact size slotted microstrip patch antenna is designed for multiband operation 

with a gain of 2.8dB and bandwidth of 500MHz, 400MHz and 550MHz [16], L-shaped slotted patch 

antenna is designed for bluetooth, WLAN, WiMAX  applications and does not give any detail about the gain 

and bandwidth of antenna [17] and multiband fractal antenna array for wireless power transmission has been 

designed to achieve a gain of 2.47dB and 4.30dB with a bandwidth of 370MHz and 550MHz [18]. 

Microstrip patch antennas are designed by using hybrid fractal slots which report wider bandwidth 

2260MHz and 2440MHz[19].  

This paper presents the novel design of rectangular microstrip patch antenna composed of fractal geometry 

for wideband applications. Manuscript comprises of different sections in which the first section explains the 

introduction about different type of antennas. Second and third section of antenna explains the detail of 

antenna design configuration and different results of proposed antenna respectively. 

2. Antenna Design and Configuration 

Proposed antenna comprises of three iterations, in which T-slots are etched from the geometry of rectangular 

microstrip patch which are shown in Fig.1. The basic geometry of rectangular patch has been designed by 

using equations (1) to (4)[20]. Basic parameters which are used to calculate the length and width of patch 

are material of substrate, dielectric constant of substrate, thickness of substrate and resonant frequency of 

antenna. In this design FR4 glass epoxy substrate is used with dielectric constant 4.4 and a thickness of 

1.6mm with resonant frequency 2.45GHz. The 0
th

, 1
st
 and 2

nd
 iterations of proposed antenna are shown in 

Fig.1 (a), (b) and (c) respectively. In 1
st
 iteration, T-slots are subtracted from the rectangular patch and the 

2
nd

 iteration is derived from 1
st
 iteration by subtracting the small T-slots with varying dimensions at different 

scaling positions. The procedure of designing the T-slots with parametric dimensions is shown in Fig.2. 

These slots are designed and etched from the basic geometry of rectangular patch; to increase the 

performance of proposed antenna in terms of return loss, bandwidth and gain. 
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Figure 1. Patch structure of proposed antenna (a) 0th iteration, (b) 1st iteration and (c) 2nd iteration  

 
Figure 2. Dimensions and procedure for designing the T-slots of proposed antenna 
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Figure 3.  Simulated structure of proposed antenna; (a) front view and (b) side view 

 

Table 1. Parametric values of proposed antenna 

Parameters Description Values 

WS Width of substrate 53mm 

LS Length of substrate 70mm 

WP Width of patch 37mm 

LP Length of patch 29mm 

WF Width of feedline 3.0mm 

LF Length of feedline 33mm 

HL Gap length 2.0mm 

h Thickness of substrate 1.6mm 

 

The 2
nd

 iteration of proposed antenna is excited by applying the transmission line feeding technique. Initially 

the full ground plane is used to analyze the different parameters of antenna. Further, a partial ground plane is 

employed in the geometry of proposed antenna to increase the bandwidth of antenna. The length of ground 

plane is varied to further enhance the bandwidth and other parameters of proposed antenna. HFSS V13 

Simulator is used to design and analyze the different parameters of proposed antenna. The simulated 

structure of designed antenna with different views is shown in Fig.3 and the parametric dimensions are 

tabulated in Table 1. 

3. Result and Discussions 

3.1 Return loss and Bandwidth 

The simulated return loss and bandwidth of 2
nd

 iteration of proposed antenna has been presented and 

analysed in this section. Initially, the full ground plane has been used and observed that antenna exhibits a 

multiband behaviour with very less bandwidth (narrow bandwidth). 
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Figure 4. Return loss curve of proposed antenna with full ground plane 

Return loss curve of proposed antenna with full ground plane is shown in Fig.4. Bandwidth of antenna is 

increased by employing the partial ground plane and it is further enhanced by varying the „HL‟ parameter as 

shown in Fig.3. HL parameter is the gap between patch and partial ground plane. When the length of gap 

„HL‟ is taken as 3.0mm, antenna works on two frequency bands 1.8GHz and 8.1GHz with corresponding 

bandwidth of 1700MHz and 840MHz respectively. Similarly, when „HL‟ is decreased by the scale of 

0.5mm, antenna exhibits three frequency bands such as 1.9GHz, 6.5GHz and 8.2GHz with value of 

bandwidth as 1637MHz, 190MHz, 780MHz respectively. On further decreasing the gap length, the proposed 

antenna works on four resonant frequencies. The return loss plot of proposed antenna with variation in „HL‟ 

parameter is depicted in Fig.5. It is observed that antenna with gap length 2.0mm reports wider bandwidth as 

compared to the other variations. To understand in a better way, the values of different performance 

parameters with variation in gap length have been delineated in Table 2. It is also observed that fundamental 

frequency of antenna shifted towards the lower side from 2.45GHz to 2.0GHz; which shows that 

miniaturization has been achieved without changing the dimensions of the proposed antenna. So, at last the 

gap length HL=2.0mm is reserved for the final design of antenna and the separate return loss curve is 

depicted in Fig.6.; which shows that the antenna operates efficiently on four distinguished frequency bands 

with acceptable value of return loss. From, the above discussion, it is very obvious that the proposed antenna 

can be used for different wireless standards such as point to point high speed wireless communication 

(5.925GHz – 8.5GHz), bluetooth (2.41 – 2.49GHz) and X-band applications. 

Table 2. Simulated values of proposed antenna with variation in HL parameter 

Variation in 

HL 

parameter 

Resonant 

Frequency 

(GHz) 

 

Return 

loss 

(dB) 

 

Bandwidth 

(MHz) 

 

Gain 

(dB) 

3.0mm 1.80 -23.88 1700 -8.08 

8.10 -27.28 840 5.16 

 

2.5mm 

1.90 -19.40 1637 2.53 

6.50 -10.46 190 4.25 

8.20 -22.70 780 5.60 

 

2.0mm 

2.00 -16.24 1660 3.24 

6.50 -11.52 370 4.09 

8.40 -19.83 855 5.38 
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9.70 -12.07 500 7.46 

 

1.5mm 

2.00 -13.26 1130 4.02 

6.50 -14.36 560 4.14 

8.50 -19.22 900 5.73 

9.70 -13.82 700 7.65 

 

1.0mm 

2.00 -12.13 930 1.84 

6.50 -16.64 820 4.24 

8.50 -17.43  

1995 

5.95 

10.00 -15.63 4.74 

 

 
Figure 5. Return loss curve of proposed antenna with variation in „HL‟ parameters 

 
Figure 6. Return loss plot of proposed antenna with HL=2.0mm 

3.2 Radiation Pattern and Gain 
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Figure 7. 2D and 3D radiation pattern of proposed antenna; (a) 2.21GHz and (b) 7.06GHz 
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The simulated 2D radiation pattern in H-plane and E-plane at 2.0GHz, 6.5GHz, 8.4GHz and 9.7GHz are 

shown in Fig. 7 (a), (b), (c) and (d) respectively. It is observed that the pattern is almost omnidirectional at 

lower frequency band as well as at the second frequency band. As the frequency of proposed antenna 

increases, the radiation pattern gets distorted due to the adjacent frequency bands. At the frequency band of 

2GHz the antenna exhibits the bi-directional radiation pattern for phi = 90
o
. It is also observed that the 

proposed antenna exhibits acceptable value of gain at all the frequency bands of operation. It shows 3.24dB, 

4.09dB, 5.38dB and 7.46dB of gain at 2.0GHz, 6.5GHz, 8.4GHz and 9.7GHz frequency bands respectively. 

The values of gain at different values of HL parameters have been shown in Table 2. 

Conclusion 

A design of novel rectangular patch antenna with fractal techniques for wideband applications has been 

presented and investigated in this manuscript. The partial ground plane has been employed in the geometry 

of proposed antenna to enhance the bandwidth. Gap between the ground plane and patch has also been 

varied to increase the bandwidth and it has been observed that the antenna with gap length 2.0mm exhibits 

optimal results as compared to the other values. The designed antenna works on four distinct frequency 

bands of operation 2.0GHz, 6.5GHz, 8.4GHz and 9.7GHz with acceptable value of return loss, gain and 

bandwidth. It also reports the good omnidirectional radiation and bi-directional pattern at 2.0GHz frequency 

band of operation. Proposed antenna can be used for different wireless applications such as bluetooth (2.41 – 

2.49GHz), point to point high speed wireless communication (5.92 – 8.5GHz) and X-band applications. 
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