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Abstract: This paper presents a wideband planar inverted F antenna for mobile application. The FR4 glass epoxy substrate is 
used to design the antenna with relative permittivity 4.4 and thickness 1.57mm. The proposed antenna has a compact size of 90 * 
50 * 3.7 mm3 and is fed by coaxial probes. The -6 dB impedance bandwidth of proposed antenna is simulated for the 540 MHz to 
3 GHz. The antenna has the resonant frequency at . 2.0GHz The antenna is designed and simulated by using HFSS (High 
Frequency Structure Simulator) version 13 software. Proposed antenna can be used for various wireless communication 
applications such as WLAN, 4G LTE, WLAN/ Bluetooth (2.4-2.485 GHz), m-WiMAX (2.5 GHz) 
Keywords: Microstrip Antenna, PIFA Antenna, wideband.  

I. INTRODUCTION 
In the past few years a multiband antenna that supports multiple frequencies with maximum coverage and compact size is required. 
The demand has increased due to advancements in wireless communication technologies and tremendous growth of cellular service 
users. Hence there is an upsurge for the requirement of an antenna that not only supports multiple frequency standards but also 
provides wide bandwidth characteristics. Therefore, mobile handsets and other wireless devices should be low profile and 
aesthetically good [10], [27]. This thesis is focused on the design and development of an antenna for USB devices. Thus, in this 
section a brief account of various antenna structures and designs that supports multiband frequencies is outlined in this research. 
Various designs discussed in this section have the potential to be used in future wireless devices  In paper [1], authors proposed the 
microstrip patch antenna which covered the two frequencies of 1.8 and 2.4GHz as resonant using CST electromagnetic simulator. 
This antenna did not cover the wideband. Jong-Hyuk Lim et al. in [23] presented a frequency reconfigurable planar inverted-F 
antenna (PIFA) which used a PIN-diode to reconfigure the desired frequency band. The antenna not only alters the frequency bands 
of m-WiMAX but due to use of electro-magnetic coupling in a high dielectric constant substrate results in a small profile. The PIFA 
consists of a main radiating element, an additional parasitic patch, a coupled radiator, two PIN-diodes, and control circuits. One 
diode is placed between the main and additional parasitic patch on the top side of the antenna structure, and the other diode is placed 
between a coupled radiator and ground plane. Depending upon whether diodes are on or off, the antenna operates over 2.3 to 2.4 
GHz, 2.5 to 2.7 GHz, and 3.4 to 3.6 GHz for worldwide WiMAX bands. By adjusting the bias of PIN-diode, the frequency 
reconfigurability of the PIFA was controlled. Authors proposed that this frequency reconfigurable PIFA structure should be useful 
for 4th-Generation applications. In this paper, the proposed antenna consists of PIFA design with rectangular shape with single feed. 
The rectangular patch is supported by the shorting plate at one of its side. The design was simulated at high frequency structure 
simulator. The antenna, which has compact dimensions of 90 * 50 mm2, is printed on the top of Substrate FR4_epoxy of thickness 
1.57 mm, relative permittivity 4.4 and tangent loss is 0.02. The dimension of the ground plane is same as the substrate dimension. 
The excitation of 50 ohms through co-axial probe feed is given to the patch. The design dimensions of the proposed antenna are 
obtained using HFSS (High Frequency Structural Simulator). The HFSS is based on the Finite Element Method (FEM) to simulate 
the proposed antenna. 

II. PROPOSED WORK 
The structure of the proposed PIFA antenna with slotted top patch is shown in Fig. 1. The proposed PIFA antenna consists of main 
radiating patch, a shorting plate, coaxial feed and a ground plane. By using the ground plane as a radiator along with PIFA’s main 
patch situated above the ground plane, the height of PIFA can be reduced to a great extent, thus resulting in reduction of overall 
thickness.  Total dimensions of the radiating parts of the antenna are 20 x 12 mm2 and that of ground plane are 90 x 50 x 3.57 mm3.  
It can be observed that radiating parts covers small portion of the total size of the antenna leaving more space available for other 
electronic components. As the main objective of this thesis work is to propose a small antenna having thin structure, therefore, the 
height of the PIFA selected is 2 mm from the FR4 substrate and 3.57 mm from the ground plane. With these dimensions selected for 
the antenna, the structure can operate at LTE, Bluetooth, m-WiMAX & WLAN bands with good enough bandwidth to serve for 
these applications. 
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Figure 1. Proposed Design 

III. RESULTS 
After designing and analyzing a simple single band antenna then the next step was to design and simulate a Planar Inverted-F 
Antenna (PIFA). Proposed antenna covers multiple bands and this is achieved by using a modified ground plane. A rectangular slot 
is etched in the ground plane which helps in achieving wide band operation..  

 
Figure 2 Return Loss 

From the plot shown in Fig. 2, it can be seen that resonant frequency achieved is 2.0 GHz with return loss of -23.33 dB. The cellular 
bands covered by proposed antenna are 4G LTE bands (1 to 6, 8 to 30, 33 to 37, 39 to 45, 50 to 68, 70, 71, 74 to 76), Bluetooth 
(2400-2480 MHz), WLAN 802.11 {(2400-2485 MHz) & m-WiMAX (2500 MHz). The bandwidth coverage is from 540 MHz to 2.8 
GHz which is 2.26 GHz. 

 
Figure 3 3D Radiation Pattern Plot 

The simulated 3D radiation pattern resonance obtained from the simulation results is shown in Fig 4.2. It can be seen from the plot 
that the antenna is a good radiator with almost omnidirectional radiation and can be used for mobile terminals supporting multiple 
standards. 
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Figure 4 Polar Plot 

The gain is important figure of merit of an antenna. The overall gain of the antenna obtained after simulation is shown in Fig. 4.3. A 
peak gain of 2.0dB is observed at 2 MHz  

 
Figure 5 Simulated VSWR AT 2GHZ 

IV. CONCLUSION 
This thesis work deals with aspects of the Planar Inverted-F Antenna studies, design and simulation for wireless applications. The 
results show that the antenna structure is suitable for its use in wireless devices. It has also been observed that the simulation results 
obtained relates with the basic theory PIFA structures. 
Based on the conclusions drawn and limitations of the work presented, future work can be carried out in the following areas: 
Further, the antenna prototype developed can be used to study the performance of the antenna with human interaction and 
investigate the Specific Absorption Rate (SAR) value by employing human model testing.  
The antenna structure can be placed inside a wireless device casing such as mobile phone so that it can be analyzed using an 
Anechoic chamber.  
The design proposed in this thesis can be extended for supporting MIMO applications for the devices which supports LTE and 
WiMAX technologies 
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