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Abstract— Cellular personal communications system has marked a phenomenal and intensive development and its cons has 
been observed lately and time and over sidelined. Thus the protection towards a person's head and safeguarding from the 
radiations of non-ionizing electromagnetic signals produced by cellular phones while in use is fetching one of the most 
concerned task to neutralize to an infinitesimally small amount. Since Planar Inverted F Antenna (PIFA) is a very favoured 
design in mobile applications, it is of prime importance to analyze the matching properties of such an antenna in real 
application scenarios (close to the head, grasped by the hand). Any matching deviation leads to the reduction of radiated 
power which should be accounted for in the system design. Different specifications of the proposed antenna are measured 
through simulations in free space as well as in the presence of the human head model. Specific Absorption Rate (SAR) is 
also computed for this antenna and the interaction of the antenna with the human body is also investigated. All simulations 
are performed using the CST Microwave Studio. The results of elaborated antenna design which have minimized radiation 
towards the user’s head are presented in this paper. 
 
Index Terms— Cellular personal communications system, Cellular phones, Non-ionizing Electromagnetic radiation, PIFA 
antennas, SAR, CST 
 
 
I. INTRODUCTION 

 
Nowadays, the public concerns regarding the 
negative health effect owing to constant exposure to 
electromagnetic waves (EM) is increased by an 
observable amount. When a container is filled with 
water, it holds up to a certain point, but once it 
reaches the rim of the container, it starts spilling. In 
the same manner human body can also absorb 
radiation up to a certain limit. Hence, due to the 
concerned hazard, there is a need to take 
precautionary steps in this regard. Law makes and 
many public corporations around the world 
monitoring the safety guidelines/criteria and 
enforcing it for human protection against EM waves. 
Voltage standing wave ratio (VSWR), radiation 
pattern and antenna gain of a handset are influenced 
by the user. The separating distance from an antenna 
in the handset and the head has a typical direct 
proportional relation between the specific absorption 
rate (SAR) along with antenna efficiency. The 
separating space between the mobile antenna and the 
user's head is said to be one of the important factors 
for deviation in antenna matching properties whether 
it is an external or built-in antenna set up. Popovi'c et 
al (2005) in comparing these results found that, “the 
handsets with built-in antenna configuration are much 
less sensitive to how the phone is held than the 
handsets with external antennas. Moreover, he 
observed that the patch antenna produces the lowest 
SAR in the head tissues than monopole and helix 
antennas operated at 1.8 GHz”. 
 

II. METHODOLOGY 
 
The designing of the Antenna and its corresponding 
properties are simulated using CST Microwave 
Studio (CST). It is a specialized software tool that 
aids accurate and fast analysis of the 3D 
Electromagnetic simulations for high frequency 
elements such as antennas.  
The Planar Inverted-F Antenna (PIFA) applications 
for mobile phones are increasing in a number of 
ways. The PIFA antenna has the advantages of 
having a small and simple design, multiband resonant 
properties, lightweight, low cost, conformal nature, 
attractive radiation pattern, reliable performance and 
having typical low SAR properties. As the integration 
of personal communication devices is progressing at 
a great speed, the necessity of the PIFAs like small, 
integrated antennas is also increasing at the same 
pace. 
SAR calculations have been studied with respect to 
the designed antenna. SAR is the measure of 
electromagnetic energy being absorbed by the 
biological tissue mass when exposed to radiating 
devices. This power absorbed by the user is measured 
by a parameter called SAR. 
 
SAR = [౪]మ


 

 
At this point SAR is in (W/kg). Also σ is the 
conductivity and ρ is the mass density, Et is the total 
amplitude of electrical field in root mean square 
(V/m).  
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III. ANTENNA DESIGN 
 
A fundamental PIFA structure includes a ground 
plane, radiating element at the top and the resonating 
top plate is being fed by a wire. The ground is being 
connected by a shorting plate and at one end of the top 
resonating patch. 
 
A. Design Parameters: The setup of proposed antenna 
is composed by a main patch radiator at a height of 
8mm from the ground plane of dimensions 45 mm x 
30 mm. The metal chassis supports both the PWB and 
the Ground plane.  A feed source is positioned on the 
ground plane and linked to the patch by a 2mm large 
conductor and a shoring plate of 3mm width is placed 
6mm away from the feeding point. Figure 1 shows the 
geometry of the PIFA element optimized for operating 
at two different frequencies. In this structure the top 
radiating copper patch is of length 45 mm and the 
width is 30 mm. The patch thickness is 0.035 mm. 
Both the ground plane and the substrate plate are 0.9 
mm thick. The substrate is of Rogers ultralam 
material. 

 
Fig.1. Perspective view of PIFA Model 

 
B. Meandered Patch: The top radiating patch is 
meandered to modify the antenna element to reach the 
desired resonant frequencies and multiband operation. 
The meandering operation makes effective uniform 
flow of current throughout the length and radiation as 
well. The meandering operation is done to create slots 
in the upper radiating patch as a effective way for 
multiband operability of the handset antenna. 

 
Fig. 2. Front view of PIFA Meander element Model 

 
C. Corrugated RF Chokes: It creates an impedance 
mismatch that produces internal reflections from the 

top radiating patch. It is used for radiation at higher 
frequencies and restricts signal traces that cross over 
through the ground and get absorbed in the head. It is 
normally embedded in the ground plane. 

 
Fig.3. Perspective view of RF Choke Model 

 
D. Loop-Type Parasitic Radiator: Parasitic radiator is 
a parallel plate like structure which is connected to the 
ground plane in the metallic chassis through the 
shorting strips of width 1.5 mm. Basic principle 
regarding the operation of parasitic radiator is said to 
be creating a sectoral null towards human head by 
cancelling a portion of the field near the human head. 
The currents on the parasitic radiator are maximum 
are in opposite phase to the currents in the PWB, 
which results in the cancellation of a major portion of 
radiation towards human head. Silicon(lossy) is used 
as a major building material for loop type parasitic 
radiator. It causes an increase in total electric field 
towards human head but reduces the components that 
are parallel to the surface of the head, which in turn 
results in SAR reduction in the head.   

 
Fig. 4. Perspective view of loop-type parasitic radiator 

 
Loop-Type parasitic radiator is designed and aligned 
on the upper edge of the PWB in the metallic chassis. 
The length of the parasitic radiator is varied between 4 
mm and 52 mm and the height from the PWB h is 
settled between 2.3 mm and 3.2 mm. 
E. Generic Phone Model: In order to accurately 
characterize the operations and performance of the 
proposed antenna, a phone model is brought into 
context. The complete phone model consists circuit 
board, keypad, battery, plastic housing and LCD 
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display. The conductivity and relative permittivity of 
the individual independent components taken for the 
whole setup were set to comply with the industrial 
standards. The materials used for simulating with their 
electrical properties are listed below in Table 1. 

 
Table 1: Electrical properties of the materials for the generic 

phone Model 

 
 
E. Head and Hand Model: The SAM Phantom head 
and hand model is used together with a   simplified 
mobile phone as shown in the Figure 5. 

 
Fig. 5. SAM Phantom Head Model with Mobile Phone 

 
Table 2: Electrical properties of the materials for the Phantom 

Head Model 

 
 
IV. ANTENNA SIMULATION RESULTS 

 
A. Return Loss and Radiation Pattern: The return loss 
has been evaluated for the design through CST 
Microwave studio solver. The results shown in Figure 
6 focus reasonable value of return loss. The minimum 
return loss is at 1 GHz and 1.9 GHz, the value is about 
-17 dB. 

 
Fig. 6. Return loss(in dB) 

The following Figure 7 shows the far-field radiation 
pattern of PIFA Antenna. 
 

 
Fig. 7. Radiation Pattern 

 
B. VSWR and Bandwidth Calculation: The graph of 
the Figure 8 shows the results of VSWR vs. 
Frequency. From which it can be seen that the VSWR 
value is found 1.6 as the expected value. 

 
Fig. 8. VSWR of the PIFA antenna 

 
C. Antenna Gain The gain for the proposed antenna is 
found out to be 3.61 dB. 

 
Fig.9. Gain of the PIFA antenna 

D. SAR Calculations: The PIFA antenna is embedded 
into the handset. The configuration is for 
measurement of SAR as shown in Figure 10. 
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Fig. 10. SAR value (a) averaged over 10g of tissue (b) averaged 

over 1g of tissue. 
 

For effective radiation in free space, it requires a 
good radiating structured antennas that are to be 
installed in the handset .Here in this case, the electric 
fields or the currents are being added in phase. The 
proposed antenna impedance is almost 50 Ohms. The 
FCC has fixed the value of SAR to sell a phone in the 
US which is about 1.6 W/kg averaged over 10g of 
tissue. In Figure 10(a), the SAR value is shown 0.33 
W/kg averaged over 10g of tissue and in Figure 
10(b), the SAR value is shown 0.85 W/kg averaged 
over 1g of tissue. These values are more preferable. 
 
V. RESULT ANALYSIS 

 
There are lots of PIFA antennas designed previously. 
The results of our proposed antenna are obtained 
from the transient solver of the CST MW Studio 
2011. The transient solver shows the values of 
antenna gain, return loss, VSWR value, SAR value, 
radiation pattern. The return loss value obtained by 
the solver is very interesting. The return loss 
decreases as the antenna interacts with head model. 
The antenna gain is also appreciable. It can be 
analyzed that the antenna gain is also decreased as the 
antenna interacts with the head model. The value for 
VSWR is almost unity which has also a decreasing 
value as the antenna interacts with head. The SAR 
value has an acceptable rate of almost 0.33 W/kg 
averaged over 10g of tissue and almost 0.85 averaged 
over 1g of tissue. The SAR value can be reduced by 
following a technique of locating the antenna at the 
bottom edge of the Printed Circuit Board (PCB) [8]. 
The VSWR, return loss Numerical values can be 
shown in Table 4. 
 
Table 4: Numerical values of VSWR and Return Loss 
For the proposed  Design 

 
 
 

CONCLUSION 
 
The proposed PIFA is designed in CST Microwave 
studio 2011 Software. The simulated results for the 
antenna designed can be used for cellular applications 
at 1 GHz and 1.9 GHz band. The interaction of PIFA 
with the human head model has a significant effect on 
antenna gain, VSWR and the radiation pattern. 
However, the simulation result of the proposed PIFA 
antenna gives a low value for peak SAR almost equal 
to 0.33 W/kg averaged over 10g of tissue and almost 
0.85 W/kg averaged over 1g of tissue where the FCC 
guidelines to sell a phone in the US is 1.6 W/kg 
averaged over 10g of tissue. Electromagnetic 
radiation towards the user’s head is dropped in the 
simulated antenna installed on the handset. It is also 
observed that the frequently used antennas can be 
replaced with the newly devised one, without any 
transformation in fundamental construction of 
cellular phone. 
 
ACKNOWLEDGMENT 
 
I would like to thank Mr. Asit Panda, Asst Professor, 
NIST Berhampur for his support during all antenna 
simulations in CST Microwave Studio. 
 
REFERENCES 
 

[1] ICNIRP (International Commission on Non-Ionizing 
Radiation), 1988. “Guidelines for limiting exposure to time 
varying electric, magnetic and electromagnetic fields (up to 
300 GHz),” Health Physics, 74: 494-522, 1998. 
 

[2] IEEE, C95.1 IEEE standard for safety levels with respect to 
human exposure to radio frequency electromagnetic fields, 3 
KHz to 300 GHz, IEEE, New York, 2005. 

[3] Saraereh, O. A., M. Jayawadene, P. McEvoy, and J. C.  
Vardaxoglou, “Simulation and experimental SAR and 
efficiency study for a dual-band PIFA handset antenna 
(GSM 900/DCS 1800) at varied distances from a phantom 
head,” Technical Seminar on Antenna Measurements and 
SAR(AMS) , 2004. 

[4] Kouveliotis, N. K., S. C. Panagiotou, P. K. Varlamos, and 
C. N. Capsalis, “Theoretical approach of the interaction 
between a human head model and a mobile handset helical 
antenna using numerical methods,” Progress In 
Electromagnetics Research, PIER 65, 309–327, 2006. 

[5] Popovi´c, M., Q. Han, and H. Kanj, “A parallel study of 
SAR levels in head tissues for three antennas used in 
cellular telephones: monopole, helix and patch,” Springer 
Earth and Environmental Science, Vol. 25, No. 2–4, 215–
221, December 2005. 

[6] A. Drossos, V. Santomaa, and N. Kuster, N. R. 
Sollenberger,“The dependence of electromagnetic energy 
absorption upon human head tissue composition in the 
frequency range of 300-3000 MHz,”IEEE Trans. 
Microwave Theory Tech, vol. 48, pp. 1988-1995, 2000. 

[7] O. P. Gandhi and G. Kang,“Some present problems and a 
proposed experimental phantom for SAR compliance 
testing of cellular telephones at 835 MHz and 1900 MHz,” 
Phys. Med. Biol, vol. 47, pp. 1501-1518, 2002. 

[8] ArnauCabedo, Cristina Picher, MiquelRibó and Carles 
Puente, “Multiband handset antenna combining a pifa, slots, 
and ground plane modes”, IEEE Transactions on Antennas 
and Propagation, vol. 57, no. 9, September 2009. 


