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Abstract – Micro strip patch antennas became very 

popular because of planer profile, ease of analysis and 

fabrication, compatibility with integrated circuit technology 

& their attractive radiation characteristics. Here, in this 

particular paper, author main focus is on fractal based 

rectangular microstrip patch antenna, whose thickness is 

1.6mm and substrate material Flame Retardant 4 (FR-4) 

with a dielectric constant of approximately 4.4, is a line feed 

and has a partial ground plane. After simulation, the antenna 

performance characteristics such as antenna input 

impedance, VSWR, Return Loss are analysed and discussed 

in this paper. This antenna is used as a mobile antenna and 

Wi-Fi antenna for communication purposes like WiMax and 

WiFi. Use of fractal antenna can meet the need of all modern 

communication with a boom in an era of todays technologies 

with thin section, small size, being easy to manufacture and 

low price. 
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I. INTRODUCTION 
 

Antennas play a very important role in the field of 

wireless communications. Some of them are arabolic 

reflectors, patch antennas, slot antennas, and folded dipole 

antennas with each type having their own properties and 

usage. It is perfect to classify antennas as the backbone 

and the driving force behind the recent advances in 

wireless communication technology. 

The Microstrip Patch Antenna is a single-layer design 

which consists generally of four parts: patch, ground 

plane, substrate, and the feeding part . The physical size of 

a microstrip antenna is small, but the electrical size 

measured in wavelength is not so small. The most 

commonly employed microstrip antenna is a rectangular 

patch. The rectangular patch antenna is approximately a 

one-half wavelength long section of rectangular microstrip 

transmission line. When air is the antenna substrate, the 

length of the rectangular microstrip antenna is 

approximately one-half of a free-space wavelength. As the 

antenna is loaded with a dielectric as it’s substrate, the 

length of the antenna decreases as the relative dielectric 

constant of the substrate increases. The resonant length of 

the antenna is slightly shorter because of the extended 

electric "fringing fields" which increases the electrical 

length of the antenna slightly. An early model of the 

microstrip antenna is a section of microstrip transmission 

line with equivalent loads on either end to represent the 

radiation loss [1]. 

 

 

 

II. FRACTAL ANTENNAS 
 

Mandelbrot offered the following definition “A fractal is 

by definition a set for which the hausdorff dimension 

strictly exceeds the topological dimension”, which the 

later retracted and replaced with: - “A fractal is a shape 

made of parts similar to the whole in some way”. So, 

possible way to define a fractal is as an object that appears 

self-similar under varying degrees of magnification, and in 

effect, possessing symmetry across scale, with each small 

part of the object replicating the structure of the whole [2]. 

A fractal antenna is an antenna that uses a fractal, self-

similar design to maximize the length, or increase the 

perimeter of material that can receive or transmit 

electromagnetic radiation within a given total surface area 

or volume of patch. Fractals are complex geometric 

designs that repeat themselves, or their statistical 

properties on many scales, and are thus “self-similar.” 

Fractals, through their self-similar property, are natural 

systems or symmetry, where this complexity provides the 

sought-after antenna properties. Some key benefits of 

fractal antennas area are, First, fractal antennas radically 

alter the traditional relationships between bandwidth, gain 

and size, as well as permitting antennas that are more 

powerful, versatile and compact. Second, fractal antennas 

produces fractal versions of all existing antenna types not 

limited for patch antenna, including dipole, monopole, 

patch, conformal, bi-conical, spiral, helical and others, as 

well as compact variants of each only possible through 

fractal technology. Third, fractal antennas technology 

affords unique improvements in gain and efficiency, to 

antenna arrays, for increasing their bandwidth, allowing 

multiband capabilities, decreasing size load and enabling 

optimum smart antenna technology. Fourth, increased 

bandwidth, multi-band and gain in addition to smaller size. 

Fifth, The inherent qualities of fractals enable the 

production of high performance antennas that are typically 

50 to 75 % smaller than traditional ones. Last, fractal 

antennas are more reliable and lower cost than traditional 

antennas because antenna performance is attained through 

the geometry of the conductor, rather than with the 

accumulation of separate components or separate elements 

that inevitably increase complexity and potential points of 

failure and cost. The result is one antenna able to replace 

many at a high value offering to our customer.  

 

III. DESIGN OF AN ANTENNA 
 

The same patch antenna used for different bands, 

requires the antenna to be a multiband antenna and could 

be operated at different frequencies and gives a range of 
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bandwidth utilization. The mathematician Waclaw 

Sierpinski (1882-1969) presented the Sierpinski Carpet 

[3]. The carpet is a generalization of the cantor set to two 

dimensions. In this paper, we have taken Sierpinski carpet 

geometry for designing Fractal antenna, which is 

developed using software Ansoft HFSS on a low cost FR4 

substrate due to ease of its availability for which thickness 

we considered h=1.6 mm and permittivity=4.4 the 

dimensions of the patch are calculated using the formulas 

which can mentioned below. The construction of our 

design begins with designing a patch (W =40.57 mm, 

L=31.43 mm, L1=11 mm, W1=4 mm) and in 1
st
 iteration 

circular patch is segmented by removing the middle circle 

from it. For the 2
nd

 iteration the circle is cut into 9 

congruent sub squares by 3-by-3 grade, and the central sub 

square is removed [4]. Figure 1 shows the design of first, 

second and third iterations. 

 
Fig.1. Sierpinski Carpet Antennas upto 3 iteration. 

 

The major formulas used for calculating antenna 

parameters is written as [5]:- 
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IV. FEEDING TECHNIQUE 
 

In this work, author has preferred a micro-strip line 

feeding which is simple in use and easy to implement. In 

this type of feeding technique, a conducting strip is 

connected directly to the edge of the micro-strip patch 

which is commonly famous as edge feeding, as shown in 

Figure 2. The conducting strip is smaller in width as 

compared to the patch and this kind of feed arrangement 

has an advantage that the feed can be etched on the same 

substrate to provide a planar structure [6] and it becomes 

easy to provide perfect location to feed point for excitation 

[7]. The location of micro-strip feed to the patch is 

adjusted to match with its input impedance (usually 50 

ohm). 

 
Fig.2. Microstrip line feeding. 

 

V. RESULTS AND DISCUSSION 
 

The Sierpinski carpet antenna design has been simulated 

by varying two parameters, one is position of the feeding 

line from the edge of the substrate and other is the width 

of the micro-strip feed. By selecting these parameters, the 

proposed antenna can be tuned to operate within the 

frequency range 2GHz –6GHz [8]. Same analysis has been 

carried out by varying the feeding location and the width 

of the micro-strip feed for the second iteration SCFA. 

Figure 3, 4 and 5 shows S11 (reflection coefficient) and 

Figure 6 shows the VSWR graph for IIIrd iteration. 

 

 
Fig.3 Return Loss for Ist iteration SCFA design 

 

From figure 3, the return loss has been got around -18 

dB at 2.59 GHz, similarly from figure 4, -30 dB at 2.58 

GHz and -24 dB at frequency 3.4 GHz. But, for figure 5, 

which has been done for IIIrd iteration is giving good 

response at three resonance frequencies with wide band 

width allocations for the signal. Table 1 is used for 

resonance frequencies and band width which is used for 

easy understanding. Figure 6 shows the VSWR values at 

these three resonance frequencies, in which it is cleared 

that at required frequency, the value of VSWR is 

approximately 1. 



 
 

Copyright © 2015 IJECCE, All right reserved 

462 

International Journal of Electronics Communication and Computer Engineering 

Volume 6, Issue 4, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

 
Fig.4. Return Loss for IInd iteration SCFA design 

 

 
Fig.5. Return Loss for IIIrd iteration SCFA design 

 

 
Fig 6. VSWR for IIIrd iteration SCFA design 

 

Table I: Simulated Results of fractal antennas 

Fractal 

Structures 

Resonance 

Frequency 

Return 

Loss 

Band

width 

Ist 

iteration 

2.59 GHz  (2.5171 – 

2.670 GHz) 

-18.3 dB 152.9 

MHz 

 

IInd 

iteration 

2.427 GHz  (2.350 – 

2.497 GHz) 

-19.1 dB 146.2 

MHz 

3.397 GHz  (3.342 – 

3.467 GHz) 

- 40.28 dB 125.2 

MHz 

3.806 GHz  (3.708 – 

3.912 GHz) 

- 30.81 dB 203.2 

MHz 

 

IIIrd 

iteration 

2.421 GHz  (2.351 – 

2.496 GHz) 

- 22.61 dB 144.52 

MHz 

3.350 GHz  (3.297 – 

3.422 GHz) 

- 38.27 dB 124.90 

MHz 

3.763 GHz  (3.665 – 

3.870 GHz) 

- 31.20 dB 204.85 

MHz 

 

VI. CONCLUSION 
 

In this paper a micro-strip fed Sierpinski carpet fractal 

antenna (SCFA) has been designed and implemented up to 

3rd iteration. Sierpinski carpet with one third iteration 

factor, the size of the patch reduces by 20.9% of the 

conventional micro-strip antenna. As the iterations go on 

increasing the loading causes multiple resonance and a 

shift down in frequency. The SCFA has been simulated 

and the plots of reflection coefficient and VSWR for 

mobile Wideband operating at 2-3 GHz have been plotted. 

In this we can observe by adjusting the position of feeding 

we are able to reduce return loss by -30db approximately.  
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