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ABSTRACT 

In this paper a techniques for realization of circular polarization in Planar Inverted F  Antenna at 2.4GHz (S-

Band) by using cross in the design is obtained and this can be used in Nano satellite applications is presented. 

PIFA is most commonly used and extensively demanded antenna especially in mobile communication because of 

its low profile, moderate gain, good radiation pattern, multiband operation. 
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I. INTRODUCTION 
 

The communication systems currently used on nanosatellites are usually well-proven commercial. Education, 

Disaster Monitoring, Exploration of Resources, Agriculture Support. The use of Nano Satellites can provide 

several cost effective solutions to the economy of Developing countries helping them to achieve desired goals 

and contribute towards a balanced use of resources and conserving the environment. The Planar Antenna used is 

Planar inverted F antenna that is in small size, low weight, capable of operating in multiband frequency, good 

radiation patterns, easy integration with other active devices and its limitation can be achieved by various 

techniques. Mostly this antenna is used for mobile wireless communication but it has advantage that it can be 

used for Nano satellite application by generating circular polarizationThe Planar inverted–F antenna (PIFA) was 

first appeared in the IEEE literature by the year 1987. PIFA is widely used in portable wireless devices and also 

in the modern wireless communication systems. PIFA supports high transmission data rates, small size, low 

profile, moderate gain, multiple band coverage. The other major advantage is effortless fabrication, low 

manufacturing cost. PIFA is a promising antenna for the future technology due to adjustability of its structure. 

Moreover, the inherent bandwidth of PIFA’s is higher than the bandwidth of the conventional patch antenna. 

PIFA structure is easy to hide in the casing of the mobile handset as compared to monopole, rod & helix 

antennas. Also, PIFA has reduced backward radiation towards user’s head and body which further minimizes 

SAR and improves performance [2]. They can resonate at much smaller antenna size and by cutting slots in 

radiating patch, resonance can be modified. Proper shape of the patch and positions of feeding and shorting pins 

results in multiband operation. 

Circular polarization (CP) is beneficial in wireless and satellite communication system due to 

insensitivity to transmitter and receiver orientation, effective coverage area, enhances weather penetration and 

reduces the effect of multipath reflection [6].  

Planar Inverted F Antenna The Inverted F antenna has t ransformed the horizontal element from a wire 

to a plate resulting in the so called Planar Inverted-F Antenna (PIFA). It has a self-resonating structure with 

purely resistive load impedance at the frequency of operation. PIFA is an antenna which is not only small in size 

but also has wide bandwidth and high efficiency. Variation of length, distance and location of the feed and 

shorting point, height of the radiator etc. affects the electrical performance of these antenna structures. Typical 

configuration of PIFA is shown in fig. 1. The antenna is fed through feeding pin which connects to the ground 

plane through the dielectric substrate. The shorting pin and shorting plate allows good impedance matching 
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achieved with the patch above ground plane of size less  than λ/4. Resulting PIFA structure is of compact size 

than conventional λ/2 patch antennas. 

 
 

Fig. 1 Geometry of Planar Inverted F Antenna 

 

 

 

II. ANTENNA CONFIGURATION 
 

PIFA can be thought of as a combination of the inverted-F (IFA) and the short-circuit rectangular micro strip 

antennas. Quarter-wavelength Patch Antenna, which leads into the Planar Inverted-F Antenna (PIFA).  It is 

small and has a low profile, making it suitable for mounting on portable equipment. It is a variant of monopole 

where the top section has been folded down so as to be parallel with ground plane. This is done to reduce the 

height of the antenna, while maintaining resonant training length. 

 

 

 
Fig. 2 Cross section of the Planar Inverted F Antenna 

 

 

Dimensions of PIFA can be calculated by the following equations: 

 

A. Calculation of patch  

For calculating the width 

 

  w=C/2  .√2/    +1 

       =(   +1/2)(   -1/2).(1+12(w/h) 

 

   

B. Calculation of  length  

 

∆L/h =     0.428.(     +0.3/     0.258).(w/h+0.264)/(w/h+0.8) 

L=C/(2.fr.√     )-2∆L              

C. Calculation of Planar Inverted F Antenna 

 

            

   +  =ƛ/4 
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        ƛ/4 

 

III. Design of Planar Inverted F Antenna in ADS tool 

 
Actual Design of PIFA using ADS tool at 2.4 GHz by using above equations. Substrate material used here is 

FR4 having dielectric constant of 4.6mm & using Perfect Conductor. Figure below shows the layout of the 

antenna. Cross branches at the corner is design for generating circular polarization. 

 

 
 

 Fig. 3 Layout of PIFA in ADS 

 

                               TABLE I 

  DIMENSIONS OF THE P ROPOSED A NTENNA 

Parameters L(mm) W(mm) 

Patch 

Dimensions 

28.80mm 37.35mm 

F Dimensions L1(16.68mm) 1.5mm 

 L2(14.89mm) 1.5mm 

Cross 

Dimensions 

17.6mm 2.1mm 

 

 

 

IV.  SIMULATED AND  MEASURED  RESULTS 

 
To verify the proposed antenna design, a prototype is fabricated as shown in Fig. All the measured results are 

carried out in network analyser of agilent technologies. 

 

 A)     Return loss 

The simulated and measured return loss of the proposed antenna are shown in Fig. 4return loss obtained is -

17.25dB . 
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B)  AR 

Fig.5shows the simulated AR which is 2dB at 2.4GHz frequency. 

 
C)Gain 

The Gain obtained is as shown in fig. the gain of the antenna is 7.4 dB and Directivity is 6.9dB. 

 

Gain(dB) 7.4dB 

Directivity(dB) 7.4dB 

 

 

D)Radiation Pattern 

3D radiation Pattern is as shown in the fig. 

 

 

 
 

V. APPLICATIONS 
 

These are the applications of  Planar Inverted F Antenna: 

 

 Mobile Communication  

 Satellite communication 

 Direct broadcast services 

 Navigation  

 Bluetooth applications 
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 VI CONCLUSION 
 

A Novel Technique for Realization of Circular Polarization in Planar Inverted F Antenna  is presented here. 

Although simple in structure a skillful design of antenna is presented by introducing In verted F structure and 

cross on its corner.Parameter like Gain,return loss and axial ratio are achieved with good results.This can be 

used in Nano Satellite application. 

  

VII. ACKNOWLEDGEMENT  

 
The author would like to thanks Dr. A.C. Suthar & Head of the Department Ms.Gayatri Pandi from L. J. 

Institute of Engineering and technology for technical discussion & processing support without whom this paper 

would never be completed. 

 

 

 

REFERENCES 
 

[1] N.F.Tumari,M.F.Jamlos.“Asymmetric Truncated Edge Technique for Circularly Polarized Array Antenna 

at 2.6 GHz Applications” IEEE Asia-Pacific Conference on Applied Electromagnetics , Malaysia. 

[2] G. Kurnia , B.Nugroho, and A.Prasetyo, “Planar Inverted -F Antenna (PIFA) Array with Circular 

Polarization for Nano Satellite Application,” Proceedings of ISAP 2014, Kaohsiung, Taiwan, Dec. 2-5, 

2014 

[3] Y. Yao, X. Wang, X. Chen, J. Yu, and S. Liu, “Novel Diversity/MIMO PIFA Antenna With Broadband 

Circular Polarization for Multimode Satellite Navigation,” IEEE Antennas and Wireless Propagation 

Letters, vol. 11, pp. 1536-1225,2012 

[4] M.Z.A. Abd Aziz, N.A.A. Mufit, M.K. Suaidi, A.Salleh, M.A. Othman M.K.A. Rahim “The Study of X-

Circular Polarized by Using Double Circle Slot At 2.4 GHz”,  IEEE Symposium on Wireless Technology 

and Applications (ISWTA), September 23-26, 2012,  Indonesia. 

[5] X .Wang ,Y.Yao , Z.Lu , J.Yu , X.Chen “A Broadband Planar Antenna with Circular Polarization for Multi-

mode Satellite Navigation”,IEEE proceedings of the Asia-Pacific Microwave Conference 2011,Australia. 

[6] H.Iwasaki, “A Circularly polarized small-size microstrip antenna with cross slot”,IEEE Trans.Antenna 

Propag.,vol.44,no.10,pp.1399-1401,oct.1996. 

[7] S.Chang, K.L.Wong, and T.W.Chiou, “Low-cost broadband circularly polarized patch antenna, “IEEE 

Trans. Antenna Propag., vol. 51, no. 10, pp.3006-3009,oct.2003. 

[8] Y.L.Kuo,T.W.Chiou and K.L.Wong ,”A novel dual-band printed inverted-F antenna , ” Microw. opt. 

technol.Lett.,vol.30621,pp.353-355,2001. 

[9] D.M.Pozar and S.M.Duffy,”A dual-band circularly polarized aperture coupled stacked microstrip antenna 

for global positioning satellite,”IEEE Trans. Antenna Propag., vol.45, no. 11,pp 1618-1625,nov.1997. 

[10] S.Fu, S.Fang, Z.Wang, and L.C.Ong,”Wideband circularly polarized planar antenna  with broadband 

baluns,” IEEE Trans. Antenna Propag.,vol.56,no.2,pp.319-326,feb.2008. 

[11] J.Han,and N.Hoon Myung, “Novel Feed Network for  Circular Polarization  Antenna Diversity,”IEEE 

Trans Antenna and Wireless Propogation .,vol.13,2014. 

[12] Hang Wong, Kwai-Man Luk, Chi Hou Chan, Quan Xue,Kwok Kan So, Hau Wah Lai, “Small antennas in  

Proceedings of the IEEE Journal, Vol.100, No. 7, pp. 2109 – 2121, July 2012. 


