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Abstract 
 

Now-a-days antennas became an integral part of most of the communication 

systems in our regular usage. The design of any antenna should follow some 

rules and regulations and certain standards according to the electromagnetic 

compatibility. Especially while using mobile phones, measurement of specific 

absorption rate is one of the key parameter to identify the reliability of the 

device as per the biological effects is concerned. This paper focus on the 

analytical study of SAR on 3 different types of antennas that we use 

commercially in our day to day life along with advanced communication 

systems. A dipole, a rectangular micro strip and a Planar Inverted Folded 

Antennas are taken in this study and their comparative analysis based on 

antenna parameters and Specific Absorption Rate is carried out in this work. 

Finite element method based Ansys HFSS tool is used to analyze these three 

models at an operating frequency of 2.4 GHz. 

 

Keywords: Dipole, Rectangular microstrip, Planar Inverted Folded Antenna 

(PIFA), Specific Absorption Rate (SAR). 

 

 

Introduction 
Antenna engineers take so many considerations and standards while designing the 

antenna models. The design considerations may be in the form of materials used, size 

of the antenna, efficiency of the antenna, radiation characteristics and its effects [1-6]. 

Now-a-days most of the electronic gadgets and communication systems are holding 

multiple number of antennas in their body. By placing these number of antennas on a 

particular system will affect the human beings who are working nearer to that and 

who are placing those gadgets nearer to their body. The powerful electromagnetic 

emissions from the antennas will effect negatively on human beings in one way or the 

other [7-12]. 
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     Radar like high electromagnetic radiation emission systems will affect human 

beings, animals and some of the living plants mostly in a negative way. The people 

who are working nearer to those devices will be affected more by electromagnetic 

wave propagation. In our regular life the usage of cell phones, tablets, laptops became 

quite common and which will radiate more are less some amount of power. For these 

devices a specific parameter is to be calculated to determine its electromagnetic 

compatibility [13-15]. SAR is defined by the Federal Communication Commission 

(FCC) as being a measure of the amount of radio frequency energy absorbed by the 

body when using a mobile phone. 

     SAR=  ………………………….      (1) 

     The specific absorption rate of any antenna can be calculated before coming into 

the production, with the use powerful electromagnetic tools like HFSS, CST, FEKO 

etc. These tools give a convenient approach to determine the SAR with its simulation 

capability. This paper mainly focuses on the design aspects of the dipole, rectangular 

micro strip and PIFA antennas and their parameters at the initial stage [16-20]. After 

the design of these models for a particular frequency of operation the specific 

absorption rates are simulated and a comparative study is presented with the standard 

specifications. A human head like bowl shaped tissue is designed in the HFSS with 

standard permittivity and permeability. The proposed antennas are placed nearer to 

the bowl shaped tissue and its SAR readings are tabulated for each case. 

 

 

Antenna Design and Geometry 
 

Design of Dipole Antenna 

 

 
 

Figure 1: Basic Dipole antenna 

 

     The length of antenna will be slightly shorter than that calculated for a wave 

travelling in free space. Length of the antenna can be calculated with formula: 

      …………………….      (2) 

     Where f is resonant frequency and A is Multiplication factor that lies between 0.96 

and 0.98, and can be obtained from the following graph. Value of A depends upon the 

ratio of length of antenna to the thickness of the wire.  
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Figure 2: Multiplication factor A chart (Courtesy by Google Images) 

     ………………………………..       (3) 

     …………………………      (4) 

     Where g is Feeding gap of antenna, R is radius of antenna, λ is wavelength. g 

should be minimum for the dipole to obtain uniform current distributions to both 

arms.  

 

Rectangular Micro Strip Antenna 

 

 
 

Figure 3: Rectangular Microstrip Patch Antenna 
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     = angular velocity, 

    
0 = permeability and 

    
0 = permittivity 

     When 
w

h
> 1 (where w = width, and h = height of the substrate) 
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     We observed that at lower frequencies, the reff  is slowly increasing and when 

moving towards higher frequency the reff  is almost constant even though there is 

change in permittivity. 
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     Where  L  is change in length. 
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     Where g = fringe factor (length reduction factor) 

     2effL L L   ……………………………….       (8) 
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     The resonant frequency with fringing is given by  

       0

010
2

r
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     Because of fringing the effective distance between the radiating edges seems larger 

than L by an amount of ∆L at each edge. This causes the actual resonant frequency to 

slightly less than 
rof  by a factor q. Thus 
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Planar Inverted Folded Antenna 

 

 
 

Figure 3: Planar Inverted Folded Antenna 

 

     PIFA is widely used in mobile phones because of its good SAR properties, low 

profile, and Omni directional pattern and resonates at quarter-wavelength. 

     The resonant frequency of the PIFA depends on width W. If the ratio of width W 

and length L1 is equal to unity then length L1 is equals to quarter wavelength. 

     L1 + L2 = λ/4…………………………………………..               (13) 

     When W/L1=1 then 

     L1 + H = λ/4……………………..                 (14) 

     Suppose that width W is equal to zero that the short is just a pin then we will 

assume that width W is far less than length L2 then the planar inverted folded antenna 

will resonate at quarter wavelength. 

     When W=0 then  

     L1 + L2 + H = λ/4………………….                 (15) 

     The width W of PIFA depends on its resonant frequency. Width W increases with 

increase in resonant frequency and bandwidth characteristics of antenna can be 

changed by the position of the feed point 

     ………………...…..                 (16) 

     .....................................                 (17) 

     ………………………..                (18) 
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Table 1: Dimensions of Dipole, Patch and PIFA Antennas 

 

S. No Antenna  Variable Value 

1 Dipole Frequency 2.4GHz 

  Dipole length 5.62 cm 

  Dipole radius 0.094 cm 

  Feed gap 0.094 cm 

2 PIFA Frequency 2.4GHz 

  Antenna length1 2.46cm 

  Antenna length2 0.79cm 

  Antenna trace width 0.15cm 

  Antenna offset 0.44cm 

  Feed offset -0.49cm 

  Feed length 0.015cm 

  Feed width 0.15 cm 

  Substrate thickness 62 mil 

  Substrate dimension along X 4.9cm 

  Substrate dimension along Y 9.9 cm 

3 Patch  Frequency 2.4GHz 

  Patch dimension along X 4.94 cm 

  Patch dimension along Y 4.14 cm 

  Substrate  thickness 62 mil 

  Substrate  dimension along X 8.4 cm 

  Substrate  dimension along Y 12.34cm 

  Insert distance 1.263cm 

  Insert gap 0.243cm 

  Feed width 0.485cm 

  Feed length 3.807cm 

 

Results and Discussion 

 
Figure 5: Return Loss Curve For Three Antennas 
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     Before finding the specific absorption rate of the three antenna models, we 

measured the return loss and plotted in the figure 5. The return loss curve shows the 

resonant frequency of these models at 2.4 GHz with different impedance band widths 

for different antennas. The dipole antenna is showing bandwidth of 400 MHz between 

2.2 to 2.6 GHz. A rectangular patch antenna shows narrow bandwidth at the resonant 

frequency of 2.4 GHz. The Planar Inverted Folded Antenna shows a considerable 

bandwidth of more than 350 MHz and minimum return loss at the resonating 

frequency. Out of these three models PIFA antenna shows better impedance 

bandwidth of 34% at the resonant frequency of 2.4 GHz. 

     The Specific Absorption Rate of these three antenna models are examined by 

considering a bowl shaped human head tissue nearer to the designed models. The 

resonant frequency of the antenna models are fixed at 2.4 GHz and the Specific 

Absorption Rate is plotted using HFSS  tool. Figure 6 shows the dipole antenna 

Specific Absorption Rate at the resonant frequency 2.4 GHz the SAR plot is created 

by considering each layer, that means brain and skin regions are recognized to be the 

most important-the brain because of its critical functions for survival and skin because 

of its close proximity to the antenna. It has been observed that a Specific Absorption 

Rate almost 5W/Kg is obtained for the case of dipole antenna. Figure 7 shows the 

Specific Absorption Rate of patch antenna which shows 1.39W/Kg SAR at the 

resonant frequency 2.4GHZ. 

 

 
 

Figure 6: Dipole antenna Specific Absorption Rate 

 

 
 

Figure 7:  Patch antenna Specific Absorption Rate 
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     When planar inverted folded antenna is used in the SAR test, it is been observed 

that a SAR value of 1.85W/Kg at the resonant frequency in fig 8. The patch antenna 

case is showing the lowest SAR value of the three and an interesting radiation pattern 

in the vertical direction. The Indian government identified the safety limit to be 

1.6W/Kg. While the US also uses the same limit these values are the maximum SAR 

points when averaged over 1gm of tissue for the limit. 

 

 
 

Figure 8: PIFA antenna Specific Absorption Rate 

 

     For all the designs considered here the maximum SAR was found for the case of 

dipole antenna that too located on the skin, a logical reduction because of its close 

proximity to the source. In general planar inverted folded antenna is preferable for 

mobile phone applications compared with any other type of antennas. In this study we 

observed the specific absorption rate more than 1.8W/Kg for the case of PIFA 

antenna. This can be reduced by choosing the radiating element in perpendicular to 

the source and choosing proper material with minimum loss while designing the 

antenna. This result cannot be applied universally to all the PIFA antennas, as each 

consisting of separate geometry, cover material etc. However if certain improvements 

are taken in the research of these models, we can improve the performance of the 

mobile antennas with low SAR.             

 

 
 

Figure 9: Current Distribution in dipole at 2.4 GHz 
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Figure 10: Current Distribution in Rectangular Patch at 2.4 GHz 

 

 
 

Figure 11: Current Distribution In Planar Inverted Folded Antenna At 2.4 Ghz 

 

     Fig 9 shows current distribution in dipole antenna at feed point. The maximum 

current intensity is focused towards vertical direction as shown in figure 9. Figure 10 

sows the current distribution in the rectangular patch antenna at 2.4 GHz. the current 

orientation is towards Y direction and the patch surface and on the feed line the 

magnitude of the current elements similar to the patch surface current elements 

magnitude but opposite to polarity. The intensity on the surface is decreasing with the 

distance travelled by the current elements. Maximum intensity is focused on the 

centre of the patch and on the edges towards X direction.  

     Figure 11 shows the current distribution over the inverted F shape radiating 

element in the planar inverted folded antenna. The current elements are following the 

particular direction that means the distribution is towards the feed element with 

maximum intensity at intersection point of radiating element and the substrate 

material 

 

 

Conclusion 
The present study deals with the analysis of three different antennas with respect to 

their specific absorption rate coefficient. The three models i.e., dipole, rectangular 

patch and planar inverted folded antenna are been tested in this work with respect to 
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all the aspects like reflection coefficient, radiation mechanism and distribution of 

surface current etc. The specific absorption rate should be less than 1.6 W/Kg in 

general for any antenna which can be used in the mobile applications. It has been 

observed that these three antennas are generating different specific absorption rate 

values compared to the standard SAR approve value. The dipole antenna is producing 

more SAR compared to other two models, surprisingly the actual antenna which 

should be used in mobile handsets that means PIFA antenna also crossing the standard 

SAR value. Depending on the application we can use PIFA or planar patch antenna at 

the desired band of frequency of operation. The specific absorption rate can be 

reduced by taking special care in the design of the antenna models and by controlling 

radiation mechanism with proper feeding. This study gives the marginal analysis 

regarding the usage of these antennas in the desired band of operation with specific 

application. It will not provide the complete solution for the selection of the exact 

model and controlling of radiation mechanism in all aspects.  
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