
International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 02, Issue 01, April 2013 
ISSN (Online): 2320-6608 
www.ijeam.com 

IJEAM 
www.ijeam.com 

35 
 

Multiband Triangular Fractal Antenna forMultiband Triangular Fractal Antenna forMultiband Triangular Fractal Antenna forMultiband Triangular Fractal Antenna for    

Mobile CommunicationsMobile CommunicationsMobile CommunicationsMobile Communications    

    
Manpreet Kaur Cheema1, Abha Hathes2, Megha Soni3, Garima Tiwari4 

 
  1 to 3BE (VII SEM) Takshshila Institute of engineering and technology, Jabalpur, M.P. (India) 

          4ME (IV SEM), Jabalpur Engineering College, Jabalpur, M.P. (India) 
 
 

Abstract 
The design of 2.45 GHz- Triangular fractal antenna 
using fractal geometry has been proposed in this 
paper. The Ansoft HFSS software has been used to 
simulate the antenna and observed that increase in 
iterations led to improvement is VSWR & return 
losses. It has also been observed that with increase in 
the number of iterations the bandwidth of the antenna 
increases & on second and third iterations the antenna 
starts showing the multiband behavior which is very 
much demanded in cellular communications. 
Keywords: Multiband triangular antenna; 
circular fractal antenna; gain; radiation 
frequency; radiation efficiency; directivity. 
 
I. Introduction 
 
Modern telecommunication system requires 
antennas with wider bandwidth and smaller 
dimensions than conventionally possible. Now 
days, the size of electronics systems has 
decreased drastically, whereas their functionality 
has increased. The antennas have not 
experienced the same evolution. The antenna 
size with respect to the wavelength is the 
parameter that will have influence on the 
radiation characteristics. For efficient radiation, 
the size should be of the order of a λ/2 or larger. 
But as antenna size reduces, the bandwidth, gain 
and efficiency of antenna deteriorate [1]. In 
addition the explosive growth in the wireless 
industry has renewed interest in multiband 
antennas. The most recent multiband antenna 
development is the incorporation of fractal 
geometry into radiators and the Sierpinski gasket 
antenna is a prime example. Since the Sierpinski 
gasket has proven itself to be an excellent 
multiband antenna, other multiband antennas can 
similarly be constructed using fractal geometry. 
The multi band and ultra wide band properties of 
antenna are due to their self-similarity of fractal 
geometry [2]-[3] while the space 

filling properties [4]-[5] of antenna leads to the 
miniaturization of antenna. The input 
characteristics of one such fractal design based 
on the hexagon has also been evaluated and 
found suitable for multiband usage [6-7]. 
Circular micro-strip fractal antenna has also been 
designed for ultra wide bandwidth and size 
reduction using self-similarity and space filling 
properties. This antenna exhibits the impedance 
bandwidth from 0.8 GHz to 10.68 GHz which is 
more than the FCC bandwidth 3.1 GHz to 10.6 
GHz for wireless communication system. The 
radiation pattern of this antenna is nearly Omni – 
directional and exhibits the low back scattering 
[8]. The micro-strip triangular patch finds 
extensive applications in the design of many 
useful MIC components such as resonators, 
circulators and filters. The triangular patches 
have been studied, both theoretically and 
experimentally [9-14]. They are found to provide 
radiation characteristics similar to those of 
rectangular patches, but with a smaller size. 
Therefore, in present paper, an attempt is made 
to design the triangular fractal antenna of 
compact size and, good radiation and multiband 
characteristics. 
 

II. Fractal Antenna Geometry 
 
Fractal antenna theory is built, as is the case with 
conventional antenna theory, on classic 
electromagnetic theory. Fractal antenna theory 
uses a modern (fractal) geometry that is a natural 
extension of Euclidian geometry. The effects of 
electromagnetic waves on fractal bodies have 
been intensively studied in recent years. 
Different from Euclidean geometries, fractal 
geometries have two common properties, space-
filling and self-similarity. Self similar objects 
look roughly the same at any scale. Thus, in an 
antenna with fractal shape, similar surface 
current distributions are obtained for different 
frequencies, i.e. multiband behavior is provided. 
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The space filling property, when applied to an 
antenna element, leads to an increase of the 
electrical length. The more convoluted and 
longer surface currents result in lowering the 
antenna resonant frequency for a given overall 
extension of resonator. Therefore, given a 
desired resonance frequency, the physical size of 
the whole structure can be reduced. In 
conventional micro-strip patch antennas, dual or 
multi-frequency operation can be achieved by 
using multiple radiating elements or reactively 
loaded patch antennas or multi-frequency 
dielectric resonator antennas. 
However in fractal antenna, self similarity 
property is used to achieve the same. The main 
advantages of fractal antenna over conventional 
antenna designs are its multiband operation & 
reduced size. Because of fractal loading present 
in this type of antenna, inductance & capacitance 
are added without the use of additional 
components. Antenna tuning units are also not 
required because these are ‘self loading’ 
antennas. Fractal antenna has useful applications 
in cellular telephone and microwave 
communications. HFSS is the industry standard 
for analyzing arbitrary 3D radiating elements 
such slot, horn, linear wire and patch antennas 
along with their polarization properties such as 
axial ratio, co- and cross-polarization. It 
automatically computes critical metrics such as 
gain, directivity, input impedance, efficiency, 
and near- and far-field radiation patterns. HFSS 
can link field data between multiple HFSS 
models to capture the entire behavior of the 
Antenna system from transmitter to receiver. The 
applications of HFSS are Antenna systems, 
advanced package co-design for single and 
multi-chip integration, On-chip passives and 
High-speed packages and interconnect.  
 
III. Generation of Proposed Fractal 
Antenna 
 
The construction of the proposed fractal shape is 
carried out by applying a finite number of times 
an iterative process performed on a simple 
starting topology. According to the properties of 
self similarity, the fractal dimension Ds of a set 
A is defined as: 
Ds= log (N)/log (r) (1) 
Where N is the total number of distinct copies 
similar to A, and A is scaled down by a ratio of 
1/r. 
 

 
                                 

Figure1. Basic concept of iteration 
 

 
Ideal fractal geometries cannot be used in 
antenna design because they cannot be simulated 
and fabricated.  
 

 
 
Figure2. Equilateral triangular patch & 
equivalent patch rectangular 
 
Fig 2 shows an equilateral triangular patch and 
its equivalent rectangular patch antenna. The 
resonance frequency of the equilateral triangular 
patch can be determined by [10] 
   
    Fr=        2c   
         3 L eff √ E*r, dyn  
 
Where, c is the velocity electromagnetic wave in 
free space. The Leff is the effective length of the 
equivalent rectangular patch [L = a, W = (√3/2) 
a] and E*r , dyn  is the dynamic relative 
permittivity of the triangular shown Fig 2.The 
dynamic relative permittivity of the equivalent 
patch antenna is given by- 
 

 
Where C *dyn is the complex dynamic 
capacitance of equivalent rectangular patch and; 
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Where, A is the area of equilateral triangular 
patch, the Z         (ε *r,W,h) and (ε *r,W,h) are 
the complex characteristics impedance and 
effective relative permittivity of the equivalent 
rectangular patch computed by using the closed 
form      expressions of Hammerstad  and  
Jensen. And: 
 
ε*reff  (ε r,W,h)= (ε r +1) + {( ε r+1)  (1+12h )-½ } 
                                   2                  2            a 
 
(Where all the parameters have usual meaning) 

 
 IV. Design Specifications 

 
In order to calculate the side of the triangular 
fractal antenna the following parameters are 
required 
        C= 3 × (10000)² m/sec 
   E*r ,dyn = 2.1 (RT duriod) 
       
         L eff = √3.a  
                      2  
        fr = 2.45 GHz 
Using the above formula for resonant frequency, 
the side of the triangle calculated is: 
a = 65.046mm. The minimum distance of the 
radiation box from the antenna is given by: 
 
      λg =   λo  
               4√ E eff 
 
Therefore λg = 21.124 mm 

 
 

V. Simulation and Experimentation of 
the Antenna 
 
The Fig 1 shows the 3rd order iteration triangular 
patch antenna. The patch antenna was printed on 
R.T Duroid substrate of relative permittivity 2.1 
and thickness 1.6 mm. All the structures have 
been simulated with the Ansoft HFSS 11 
simulator. The procedure of simulation is as 
follows. The copper conductor of height 
0.035mm is taken .The R.T Duroid dielectric 
with relative permittivity 2.2, thickness 1.6mm is 
placed over it. For feed, a micro-strip line is 
made to give a port for feed. Finally a radiation 
Box is placed over the antenna & thereafter the 
set up is simulated and measured using HP810B 
network analyzer in Anechoic chamber (Fig 3). 
 
 

VI. Results 
 
The results for the three iterations performed on 
the triangular patch to get the desired fractal 
antenna are as follows: 
 
                 Results for Iteration 0 
 
The structure of triangular fractal antenna having 
zero iteration has been shown in Fig 3. On 
simulating this structure with the help of Ansoft 
HFSS, the following results were obtained: 

            

 
 
 
Figure3. Iteration 0 
 
 

 
 

Figure4. Return loss for various 
frequencies 
 
That is return loss is found to be -6dB at 1.9 
GHz frequency with VSWR to be 3 (Fig 5). 
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Figure5. VSWR for various frequencies     
   
The values of Directivity, Gain and 
Radiation efficiency are found to be; 
4.4048, 4.0205 and 92.188% respectively 
(Figs- 6-8) 
 

 
Figure6. Directivity 
 

 
Figure7. Gain 
 
         

  
Figure8. Radiation efficiency 
   

Results for Iteration 1 
 
The structure of triangular fractal antenna 
with first iteration is as follows: 
 

 
 
Figure9. Iteration 1 
 

On simulating the above structure with the help 
of Ansoft HFSS, the following results were 
obtained: 
 

(a) Return losses 
 

 
Figure10. Return loss vs. Frequency 
 
The return losses for first iteration came out to be 
-10.7dB at 7.8GHz frequency. 
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(b) VSWR 
 

 
Figure11. VSWR vs. frequency 
 
The VSWR for iteration 1 came out to be 
1.7054 at 7.8 GHz. 
 

(c) Total Gain 

 
Figure12. Gain 
 
 
 
The overall gain came out to be 1.6718 for 
iteration 1. 
 

(d) Directivity 

 
Figure13. Directivity 

 
 
The directivity for 1st iteration came out to be 
2.2612. 
 

 
 
 
 

(e) Radiation efficiency 
 

 
Figure14. Radiation efficiency 
 
Radiation efficiency for 1st iteration is 
74.675%. 
Results for Iteration 2 
The structure for triangular fractal antenna 
with 2nd iteration is: 

 
        Figure15. Iteration 2 

  
The results obtained by simulating the 
triangular fractal antenna came out to be as 
follows: 
 

(a) Return loss 

 
Figure16. Return loss vs. frequency 
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The return losses for 2nd iteration 
came out to be -16.2dB at 8.9GHz and 
-21dB at 9.6 GHz. 
 

(b) VSWR 
 

 
Figure17. VSWR vs. frequency 

VSWR for 2nd iteration came out to be 1.36 at 
8.9GHz and 1.2 at 9.6GHz. 
 

(c) Gain 

 
 
               Figure18. Gain 

 
The overall gain for 2nd iteration came 
out to be 1.6634. 
 

(d) Directivity 

 
Figure19. Directivity 
 
The directivity for iteration 2 is 2.2583. 
 

(e) Radiation Efficiency 

 
Figure20. Radiation efficiency 
 
The radiation efficiency for 2nd 
iteration is 74.391%. 
 

Results for Iteration 3 
The structure for triangular fractal 
antenna with 3rd iteration is: 

 
 

Figure21. Iteration 3 
The results obtained by simulating the 
above structure are given as follows: 
 

(a) Return loss 

 
Figure22. Return loss vs. frequency 
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The return losses came out to be -
28.2dB at 16.7GHz, -17dB at 
18.3GHz, -25.2dB at 19.6GHz and -
24.3dB at 
22.2GHz. 

(b) VSWR 
 

 
Figure23. VSWR vs. frequency 
 

                 
The VSWR came out to be 1.1 at 16.7GHz, 1.34 
at 18.3GHz, 1.1 at 19.6GHz and 1.13 at 
22.2GHz. 
 

(c) Gain 
                    

 
        Figure24. Gain for iteration 3 
           The overall gain for 3rd iteration is 2.3581. 

(d) Peak Directivity 
             

 
        Figure25. Peak directivity for iteration 3 
 

The peak directivity for 3rd iteration is 
2.351. 

(f) Radiation Efficiency 

 
Figure26. Radiation efficiency for 
iteration 3 

The radiation efficiency for 3rd iteration is 
74.679%. 
 
VII. Conclusion 
 
In this paper, the triangular fractal antenna upto 
3rd iteration has been built & simulated using the 
Ansoft HFSS 11. It has been observed that with 
increase in the number of iterations the 
bandwidth of the antenna increases & on second 
and third iterations the antenna starts showing 
the multiband behavior. Increase in iterations 
also led to improvement is VSWR & return 
losses. The simulated and experimental results 
are found to in good agreement. The triangular 
fractal antenna is observed to possess multiband 
behavior similar to the Sierpinski gasket antenna. 
This new fractal antenna allows flexibility in 
matching multiband operations in which a larger 
frequency separation is required, hence can be 
used in cellular & microwave applications. 
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