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Abstract— A study of Planar Inverted F Antenna (PIFA) of different shapes is realised in this paper. PIFA is a low profile 
antenna, used in many applications due to its compactness and compatibility with printed circuit technology. Intensive 
research of such antennas is done based on various performance parameters like radiation pattern and return loss and a 
comparative study is done in this paper.  
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I. INTRODUCTION 

 
             Over three decades PIFA antenna structure 
has emerged as one of the most promising design for 
low profile antennas. PIFA is obtained from Inverted 
F Antenna (IFA) by replacing the thin wire radiator 
with a planar radiator [2].A merit of this type of this 
antenna is that there is more design freedom than a 
thin wire one. 
 
    Basically PIFA can be considered as a 
modification of monopole or microstrip patch 
antenna. More directly a PIFA can originate from 
planar monopole by bending the planar radiator for 
low profile and introducing a shorting pin for good 
impedence matching. Alternatively, PIFA could be a 
variation of a shorted patch antenna, where the 
radiating patch of the antenna is halved in its midline 
by a short circuiting wall. Therefore, the PIFA could 
be regarded as the variation of thin wire transmission 
line IFA or a short-circuit microstrip patch antenna. 
    
      Vast range of applications uses PIFA as their 
basic antenna covering wide frequency band of GSM 
850, 900, DCS 800, PCS 1900, Wimax [3]. PIFA has 
few striking features that makes it preferable for these 
applications. The antenna is resonant at a quarter – 
wavelength thus reducing the required space (for 
instance in mobile phones).Other advantages of PIFA 
includes easy fabrication, light weight, simple 
structure, small volume, low manufacturing cost. 
PIFA has good SAR properties due to reduced back 
lobe radiation towards user’s head and body [4]. The 
major drawback of PIFA is its narrow bandwidth; 
therefore it is important and necessary to widen the 
bandwidth for various applications. PIFA in various 
shapes have been designed and it has been used in 
various applications. The next section explains the 
basic structure of PIFA. The performance of E-
shaped, S-shaped, circular shaped, swastik shaped, R-
shaped and dual band PIFA is discussed in this paper. 
 

 
II. PLANAR INVERTED-F ANTENNA 

 
PIFA has a self resonating structure with purely 
resistive load impendence at the frequency of 
operation. PIFA is not only a small size antenna but 
also a good efficiency device. The structure of PIFA is 
shown in figure1. PIFA is composed of 5 main 
elements.  They are  
 

 A large metallic ground plane 
 A resonating metallic plane 
 A substrate separating ground plane 
 A shorting plane or pin 
 A feeding mechanism 

 
Figure 1. Planar Inverted-F Antenna(PIFA) 

   
       Here, L x W1 is the dimension of 
the radiating patch, h- height of the substrate and W2 
is the width of the shorting plane. Each value has its 
own significance in the performance of the antenna 
[10]. The antenna is fed through the feeding point. 
The shorting plane or pin allows good impendence 
matching achieved with the patch above ground plane 
of size less than λ /4. The frequency at which antenna 
resonates is found by using equation 
  f=ܿ/4(ܮ +ܹ1),     (1) 

 
where c is the speed of light and L  x W1 are the 
dimension of the radiating plane. Equation (1) shows 
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that the sum of the width and length of the top plate 
should be λ /4. This approximation is very rough and 
does not cover all parameters that significantly affects 
the resonant frequency. The design variables of the 
antenna are length, width and height of the patch, the 
width and location of the shorting plate and feed point 
location. The feed could be inset feed, coaxial feed, 
aperture coupled or proximity coupled feed [10]. The 
shorting plate of usual PIFA is a useful method for 
reducing the dimensions, but results in narrow 
impedence bandwidth. 
 
III. PROPOSED ANTENNA MODELS 
 
A. E-Shaped PIFA 

 
                E-shaped PIFA has been designed to solve 
the problem of the close presence of the human body 
which dramatically influences the antenna 
performance. It tries to guarantee the functionality in 
the presence of lossy conductive materials. The 
designed antenna shows improved electrical 
performance with respect to the currently used dipole 
antenna, leading to more efficient radiation of RF 
power and a larger terrain coverage, thus alleviating 
the constraints on the overall communication system.  
 
The nominal specified bandwidth for the proposed 
antenna is from 380 to 400 MHz.  The antenna 
employs two resonant components, in the form of two 
slightly asymmetric arms supporting two closely 
spaced yet distinct resonant frequencies as shown in 
figure 2. The antenna is designed to produce a total 
field radiation pattern that is nearly omnidirectional 
in azimuth plane. The upper metallization of the 
antenna can be inscribed into a rectangle 0.14 m x 
0.22 m in size, and the ground plane measures 0.30 m 
x 0.30 m. The two metallic surfaces are separated by 
0.02 m thick layer of Rohacell. It has been observed 
from the radiation pattern [5], that the human body 
has only a small negative impact on the return loss of 
antenna. 

 
Figure 2. E-shaped PIFA 

 
The antenna performance will vary depending on the 
thickness t of the dielectric and on the distance d from 
the antenna. The general tendency of such a layer is 
to shift the antenna’s operating frequency band 
toward lower frequencies. Due to this shift, it was 

necessary to design the antenna for a larger 
bandwidth than the nominal.  
                                                                                                                             
B. Swasthik Shaped PIFA 
           Swasthik shape PIFA has been introduced to 
overcome the disadvantage of narrow bandwidth [6]. 
The Swasthik shape is obtained by inserting pairs of 
parallel slots on the edges of the PIFA radiating 
surface to achieve broadband behavior. This antenna 
is fed using coplanar waveguide (cpw). Antennas fed 
by a cpw feed have the advantages of being 
compatible with other microwave integrated circuits 
(ICs) and also easier to provide short circuit vias 
between the patch and the ground. Lower resonance 
of antenna is obtained due to odd mode and higher 
resonance is due to even mode. The antenna is a low 
profile antenna so that we can utilize it in portable 
wireless applications. 

 
. 

a) top view                           b) side view 
             

 
c) front view 

 
Figure.3 Swasthik shaped PIFA 

 
The antenna configuration of proposed cpw fed 
structure is shown in figure 3a. Figure 3b and 3c 
shows the front and side view. The substrate used has 
relative permittivity of 4.4 and thickness 0.001524 m. 
The size of substrate used is 0.027 m × 0.0355 m. 
The optimized design parameters for the proposed 
antenna are  ground plane length gx = 0.027 m, 
ground plane width gy = 0.0355 m, patch length px = 
0.015 m, patch width py = 0.015 m, l =0.003 m, 
diameter of feed pin is 0.001m, diameter of short pin 
is 0.00175 m, the distance between swastik arm edge 
to center of feed pin is fx = 0.0005 m , the distance 
between arm edge and center of short pin is scx 
=0.0015 m, height between ground and patch is h 
=0.006 m. The width of feed line and cpw gap are set 
to achieve line impedance of 50 Ω.  
C. R-SHAPED PIFA 

 
      R-shaped PIFA is designed for 225/450-
MHz dual-band application. It consists of a 
rectangular element with a slot and two legs. This 
proposed antenna eliminates the need for capacitive 
or inductive interconnection for dual-band operation. 
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The top part of the letter with the slot represents the 
radiating element for low frequency band while the 
leg on the right represents the high frequency band. 
The geometry is shown in figure 4.  
 
The slot has been introduced for a antenna tuning. 
Dimensions of the antenna has been obtained using 
EM simulator. Accordingly the feed is at the center of 
a 0.005 m wide metal strip. The shorting pin is made 
of a metal plate of width 0.05 m and is on the Y-Z 
plane. The feed will originate from the 
radiofrequency signal pad on the ground plane. The 
shorting pin, on the other hand, will be directly 
connected to the ground pad on the ground plane. 
 

 A ground plane with the dimensions of 0.5 
m by 0.3 m is considered as shown in figure 4. It has 
been assumed that the ground plane is infinitely thin 
and the ground-plane materials are made of perfect 
electric conductors. The antenna consists of closely 
coupled radiating elements that enable it to operate in 
two different frequency bands.  

 

 
 

Figure 4.   R-shaped PIFA 
 

D. S-Shaped Quad Band PIFA 
 

A novel S-shaped quad-band planar inverted-F 
antenna [8] has been proposed for implantable 
biotelemetry  applications. 

 
            a) Top View 

 
b) Front View 

Figure 5. Geometry of s-shaped antenna 

The geometry of the antenna is shown in 
figure 5.This antenna reveals compact dimension of 
0.01 m × 0.01 m× 0.0024 m and is composed of 
three substrates and a superstrate, which are 
constructed from an S-shaped radiator which acts as 
layer 1 and two twin radiators of spiral structures that 
act as layer 2 and 3 .The antenna with S-shaped and 
two stacked twin spiral stripes excites four resonant 
frequencies which were at MedRadio band, WMTS 
band, and two ISM bands.  

It is constructed with four-layered stack 
structures, the substrates and superstrate are all 
Rogers 3210 with the thickness of 0.000635 m, loss 
tangent of 0.0027, and dielectric constant of 10.2. 
Figure 5a shows the top view of the antenna and 5b 
shows the layered structure of the antenna. The layer 
1 is a radiator of S-shaped stripe, and layer 2 and 
layer 3 are twin radiators of spiral stripes structure.  
The feed point is directly connected to lower part of 
layer 2, the short pin connect layer 1, and the upper 
part of layer 2. Layer 1 and the lower part of layer 2 
are also connected through via 1. The lower part of 
layer 2 and layer 3 are connected through via 2, and 
the upper part of layer 2 and layer 3 are connected 
through via 3.  

 
E.  Frequency Tuned dual band PIFA 

 
This type of PIFA is a different kind which uses 
frequency tuning to achieve dual band operation. A 
tuning circuit, comprising an RF switch and discrete 
passive components, has been completely integrated 
into the antenna element, which is thus free of dc 
wires. The proposed dual-band PIFA is capable of 
operating in four frequency bands. The antenna 
covers the GSM850, GSM900, GSM1800, PCS1900 
and UMTS frequency ranges. However, this creates 
problem for the antenna designer, since it is limited 
by fundamental relationships between antenna size, 
bandwidth, and efficiency. Thus, covering all 
frequency bands, and maintaining small size and high 
efficiency is a major challenge to the designer. Thus 
dual band method is preferred. 

 
Figure 6. Dual-Band PIFA with an integrated circuit 

 
Frequency tuned PIFA is shown in figure 

6.The structure incorporates an antenna element, 
feeding and short circuit pins, a RF diode switch, an 
inductor and two capacitors as shown in figure 6. The 
rectangular patch is slit to form two separate paths for 
resonating currents, and this leads to dual band 
operation. The antenna element is built on a 0.0008 m 
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thick R4003C printed circuit board (at 1GHz) with 
0.035m thick copper metallization. The antenna 
element has a 0.0092 m thick air substrate and it is 
placed on top of a 0.045 – 0.110 m reverse side 
grounded R4003C PCB.  

The short circuit point is separated from the 
rest of the antenna element metallization by a narrow 
L-shaped slit. In order to generate a dc potential 
difference across the diode, two capacitors and an 
inductor are connected in parallel with the slit .The 
integrated tuning circuit allows greater independent 
design between the antenna and the rest of the device 
when compared with external tuning circuit 
techniques. Another important feature related to the 
new method is its potential for maintaining high total 
antenna efficiency, both in terms of a good 
impedance match and high radiation efficiency. It 
was analyzed that the antenna had very low distortion 
and it was capable of handling high power levels. 

 
D.  Octagonal   Fractal  Circular PIFA 

 
Usually cell phones operate in different 

bands requires multiple antennas for different 
applications. Using fractal PIFA, multiple bands have 
been achieved with a single antenna without 
significant increase in space. octagonal shape and 
slotted structures in the circular patch helps in 
increasing bandwidth. The proposed antenna [12] 
iterations are constructed on a circular radiating patch 
of radius r with a thickness 0.0001m which is printed 
on a Rogers board of same radius r with a thickness 
of 0.000813m and dielectric constant of 3.38. Figure 
7 show the fractal circular antenna. Rogers board is 
connected to the ground plane measuring (Lg x wg) 
through a stub measuring (hs x ws) which supports 
the whole antenna. The bandwidth improvement 
techniques have been discussed here. When the 
available planar area of a circle of radius r is best 
utilized by the antenna. The end V saped structures 
also helps to improve bandwidth. The stub kept 
vertically provides better matching and tuning. 

Figure 7 .Orthogonal Fractal circular antenna 

By changing the position of feed point, 
horizontal or vertical polarization has been obtained. 
Circular polarization can also be obtained by making 
some slots or slot like structures. The slot affects not 
only the polarization, but also improves antenna 
impedence. 
 
DISCUSSIONS 
 
The table 1. shows the comparison of various features 
of the above mentioned antennas. It relates the 
frequency, dimension and compactness of all 
antennas and shows the radiation pattern, return loss 
characteristics of all models added with advantages 
and applications. The E-shaped antenna have been 
observed to operate over the frequency band of 380-
400 MHz. The gain measured is about 13 db better 
than that of the existing body worn dipole. The far-
field radiation pattern of antenna has been found to be 
omnidirectional. Swastik shaped antenna achieves 
755 MHz bandwidth. This antenna is found to 
achieve 33% miniaturization compared to rectangular 
patch. It is a low profile antenna. 
 

 The R-shaped antenna has the peak gain of 
3.5 dbi at 225 MHz and 7.5 dbi at 450 MHz. This 
antenna is having closely coupled radiating elements 
so it resonates at two distinct frequency at around 225 
and 445MHz, that enable it to operate in dual band 
frequency. The S-shaped antenna achieves the far 
field peak gain of -16 dbi for 2.4GHz.  

 Rectangular antennas has very low 
distortion and it was capable of handling high power 
levels. It has a simple structure consisting of a 
rectangular patch. This antenna is found to cover 
wide range of frequency with a efficiency of more 
than 40%. Fractal antennas gained their importance 
because of its features of miniaturization, wideband, 
multiple resonance, low cost and reliability. This 
Fractal antenna is also used in backscattering 
reduction. A good impedance matching and gain has 
also been achieved. 
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COMPARISON TABLE 
 

Table 1 
 

 
 

CONCLUSION 
 
     The structure of PIFA has emerged with special 
qualities like compact dimensions, light weight and 
flexible structure. Microstrip patch antenna is bigger 
in size when compared to PIFA. Since PIFA are of 
low profile, planar in geometry, and most 
importantly, they are capable to provide multi-
operations with considerable wide bandwidth. 
Comparing the above antennas, R shape is found to 
have high efficiency and return loss is less than 10 dB 
Still to meet requirements of broader band width 
methods like increasing the thickness of the substrate 
are commonly done. And also we are in still research 
to improve the qualities of these antennas. 
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