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Abstract- The Graphene based Nano conductive antennas are the one of the recent antennas pioneering in areas of research. 
The analysis of radiating structure and exposure area draws attention towards bio medical concerns and health issues. This 
paper intends to conduct the experimental analysis of Graphene based Inverted F Antenna (G-IFA) with a sample cubic 
tissue model. Specific Absorption of Radiation SAR parameter is estimated for the designed setup for its operating GSM 
frequency at 900 MHz The human tissue model with dielectric properties are applied over a cubic structure that is designed 
and placed above the graphene based radiating structure. On the exposure analysis SAR is investigated over the varying 
frequencies between 6 MHz and 12 MHz and are recorded. 1g, 10 g and overall SAR are also estimated in this procedure. 
The variation of exposure over varying frequency range depicts its impact on absorption [1]. 
 
Index Terms- Dielectric Properties, SAR, MOM, G-IFA. 
 
I. INTRODUCTION 
 
The exposure of Human with a radiating structure is 
inevitable in everyday life. The purpose of this paper 
is to conduct and investigate the interactions between 
the graphene based structures. The Specific 
Absorption Rate is considered to be the main 
parameter calculated for the determination of level of 
absorption by the human. SAR is always represented 
in terms of 1 gram and 10 grams or entire average. 
IFA antenna has been recently adopted in mobile 
technology. More focus in metallic structure based 
experiments have been based on monopole and dipole 
antenna, which have so many drawbacks such 
inability to provide proper shielding and downside of 
its size dependence to the operating frequency[2]. So 
in this paper the of graphene conductivity based IFA 
antenna and a  homogeneous cube model  is designed 
with human tissue properties such as dielectric 
permittivity, conductivity and mass density  and  
further the interaction between the antenna the 
designed cube head modeling is determined at 900 
MHz and discussed below. 
 
II. SAR LIMITS 
 
Specific absorption rate (SAR) is a measuring 
quantity subjected to the rate at which energy is 
absorbed by the exposing body to a radio frequency 
(RF) electromagnetic field. It is generally defined as 
the power absorbed per mass of tissue and has its 
units of watts per kilogram (W/kg).The SAR (W/kg) 
with reference to any point in the model can be 
determined from the calculated electric field E (V/m) 
and it is given by the following equation[3]. 
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Where the parameter E is the internal electric field 
(V/m), SAR is the Specific Absorption Rate (W/kg), 
σ is the conductivity (S/m) of the exposed tissue and 
ρ is the mass density of the exposed volume (kg/m3). 
 
III. INVERTED F ANTENNA 
 
IFA is variation of monopole antenna with a 
rectangular element which is planar and placed above 
the ground plane. A plate is purposed for shot 
circuiting or pin is present as the intermediate arm and 
pivotal in feeding mechanism for the planar element 
[4]. The element is basically folded down and fits the 
planar element that is parallel to the ground plane. The 
Antenna’s height is reduced and resonant trace length 
is maintained. The key feature is that its structural 
capability is to induce capacitance to the input 
impedance and compensation is done by the stub 
element. The basic IFA arrangement is shown in Fig.1 
 

 
Fig.1 Inverted F Antenna 

 
IV. NUMERICAL MODELLING 
 
A. Modelling Background 
The limitation of SAR computations on the real 
Human body is strictly limited. The investigation is 
possible with calculations done on numerical field 
implying on several numerical models of the human 
body [1]. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 4, Issue-2, Apr.-2016 

Analysis Of SAR Impact On A Tissue Cube With Graphene Based IFA 
 

142 

B. Graphene based Inverted F Antenna Geometry 
and Dimensions 

G-IFA is linear structure with the wire radiator 
element replaced by a plate to expand the bandwidth. 
It has reduced backward radiation towards exposing 
feature and has a key aspect of minimizing the 
electromagnetic wave power absorption (SAR) and 
thereby the antenna performance is enhanced [5].   

 
The vital parameter to be considered is the total field 
that is the vector sum of the horizontal and the 
vertical states of polarization. The G-IFA model has 
been designed using CADFEKO as shown in Fig 
2.The conductivity of the graphene of 10e8 is created 
as a metallic medium and applied on the radiating 
structure. The designed  
G-IFA dimensions were listed in Table-1. 
 

 
Fig.2 G-IFA designed using FEKO 

 
Table I Design parameters of inverted f antenna 

 
 

C. Cubic Tissue Model and Dielectric Properties of 
Human Head Tissues 

The cubic tissue model of about radius 0.1 m is 
simulated with a muscle equivalent material with 
relative permittivity, conductivity and mass density 
for 900 MHz as in Fig.3.The conductivity values of 
the tissues are obtained from databases. The 
electromagnetic fields are simulated in human body, 
the parameters for the conductivity σ(S/m) and the 
relative permittivity ε, of different materials are that 
used for the calculation were set as in Table-2[6]. 

TABLE I  PROPERTIES OF CUBE TISSUE 
USED IN THE SIMULATION AT 900 MHZ 

 
     
V.   FEKO SIMULATION AND VALIDATION 
 
A.  Free Space Condition 
The distance between the antenna and the Tissue is 
kept constant of 0.025m for exposure analysis as 
shown in Fig.3 
 

 
Fig. 3. G-IFA antenna with head model 

 
VI. RESULT ANALYSIS  
 
By considering the problem size and complexity, the 
FEKO program is simulated using Method of 
Moments (MoM) based platform [7]. The SAR values 
are shown in Table-3 and the values plotted are 
shown in Fig 5.   
 
TABLE II.  SAR CALCULATION UNDER FREE 

SPACE CONDITION 
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The SAR 1 gram is calculated by averaging the Local 
maximum SAR, adding the highest SAR volume in 
the tissue till a mass of 1 g of cube.   The SAR 10 
grams is the maximum SAR value averaged on 10g 
which is obtained by averaging the SAR around each 
point in the volume, adding the nearest points till an 
average mass of 10g is reached with a resulting 
volume having the shape of a portion of cube [8].  
 

 
Fig 4. Overall SAR value 

 
The overall SAR Value with respect is to 1g, 10g and 
overall is compared over the varying frequencies at 
Fig.4. It is noted that there is a peak increase in value 
around 900MHz[9].The value is elevated up to 3 
W/Kg for 1g equivalent exposure and 2 W/Kg for 10 
g exposure. 
 

 
Figure 5. Excitation 

 
SAR2 is 1 gram, SAR3 is 10 gram and SAR4 is 
overall SAR in free space condition. The excitation is 
also obtained for the input voltage of 1 volt and 0 
phase and is shown as a smith chart in Fig 5.The Near 
field region of an antenna is a region, is dependent on 
the distance between the structures .Near field is the 
main parameter for calculation of SAR[10]. Fig 6 
shows the radiation pattern at 900MHz.The spluttering 
of field radiation around the cube can be observed,  

 
Fig 6. Radiation Pattern in 3D at 900 MHz 

 
Fig 7 shows near field characteristics and is 
maximum of 1.68 V/m at 0.9GHz. This exhibits the 
G-IFA is well performed in the nearfield region.  
 

 
Fig 7.Near Field for 900MHz for free space  

 
The Far Field characteristics E and H plane represents 
the radiation properties and analysis over the Phi 
degree are obtained [11]. The shift thin the angle 
between 60 and 300 degrees are observed Fig.8 
 

 
Fig 8.Far Field in Free space 

 
CONCLUSION 
 
This experiment extensively examines the electric 
field distribution and the SAR from the radiation of 
G-IFA at 900 MHz under conditions such as free 
space. The various range between 6 to 12 MHz are 
further investigated to estimate the relative 
performance over other operating frequencies .The 
homogenous cubic model is designed with the tissue 
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properties with essential conductive and permittivity 
properties. SAR and the Field parameters such as 
near field and Far-field are calculated and plotted for 
analysis. The localized peak SAR for 1g, 10g and the 
whole body average SAR induced in cubic model are 
respectively evaluated using MoM which is better 
than FDTD and other techniques [6].  
 
The models have been validated by FEKO, an ideal 
software for computation of electromagnetic and 
having high Scalability and reliability. SAR 
measurements of 1 gram and 10 gram cubes show a 
strong correlative ability over the operating 
frequency [9]. This correlation can be clearly seen in 
Fig 4. SAR absorption is extensively increased in 
when frequency reaches about 900MHz. This 
experiment can be further developed to head or any 
other vital areas of human body. The further 
enhancement in the detailed investigation can help to 
analyze and reduce the exposure effects. 
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