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Abstract: The evolution of the current systems using fourth generation technology is based on the key idea of interoperability. In 

future systems, a single terminal should be capable of performing all the functions - anywhere, at any moment and in any interface, 

resulting in a convergence of services. This paper presents the design and simulation of a novel miniaturized microstrip fractal patch 

antenna which resonates at  3.1GHz, 3.8GHz, 5.6GHz,6.9GHz and 7.7GHz .The size of the antenna is compacted by 30% in comparison 

with a regular Sierpinski gasket antenna. All the simulations have been performed using ANSYS HFSS software. The obtained results 

have also been validated using Keysight N9915A network analyzer. The simulated and experimental results are found to be in good 

agreement. 
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1. Introduction 
 
Fractal antenna technology has been a recent topic of interest. 
Antennas are important component of any device and 
therefore the space occupied by them in any device is a 
subject of concern. There has been a tremendous amount of 
improvement in every field of technology and size of almost 
all devices has reduced considerably. But antenna has not 
faced a similar evolution. The size reduction that can be 
brought to an antenna is highly limited. And this is the major 
bottleneck faced by any antenna designer. In such a situation, 
a fractal antenna can act as a good candidate satisfying its 
designer with desired performance. Traditional mobile 
phones have been replaced by smart phones with a wide 
range of applications like Bluetooth, Wi-Fi, WiMAX etc.  If 
we are to design separate antennas for each of these 
applications the device may look like a porcupine. Hence, 
multiband property is very essential to ensure 
interoperability. And here comes the importance of fractal 
antennas which can provide a good multiband operation. 
Compact sizes, low profile, conformal and multiband are the 
highly desirable attributes of a microstrip patch antenna .The 
term „fractal‟, which means broken or irregular fragments, 
was originally coined by Mandelbrot to describe a family of 
complex shapes that possess an inherent self-similarity or self 
affinity in their geometrical structure.  Many analysis works 
have been performed in the field of multiband fractal 
antennas which focuses on the construction of Sierpinski 
gasket [1]-[9] and Sierpinski carpet [10]-[13]. Fractal 
antennas are mainly used for miniaturization and multiband 
operations. Accordingly, they are classified as small size 
antennas (e.g.; Hilbert curve, Minkowski loops etc) and 
multiband antennas (e.g.; Sierpinski gasket and Sierpinski 
carpet).The design of a 2.45GHz triangular fractal antenna 
using fractal geometry is presented in [3]. It is observed that 
with increase in the number of iterations the bandwidth of the 
antenna increases and in second and third iterations the 
antenna starts showing multiband behavior. It is also 
demonstrated that the majority of the self-similar fractal gap 
structure can be eliminated from the Sierpinski gasket 

without significantly affecting its multiband behavior [8]. 
The proposed paper discusses about the design and 
simulation of a Sierpinski gasket antenna, its modified 
structure and its miniaturized structure. 
 
2. Multiband Behavior of Sierpinski Gasket 
 
The multiband property of Sierpinski gasket is analyzed in 
this section. Figure 1 shows the patches of a Sierpinski gasket 
for each iteration and figure 2 depicts the fabricated antenna 
for the third iteration.  
 

 
Figure 1: Sierpinski gasket: basic structure, first 

Iteration, second iteration and third iteration 
 

The overall size of the antenna is 80mm x 83mm. A 
Sierpinski gasket is designed at 1.9GHz with one side of the 
triangular patch measuring 64mm in dimension. All the 
designs corresponding to the three iterations were fabricated. 
The height of the substrate is 1.6mm and the dielectric 
constant chosen is 3.38. 
 

 
Figure 2: Fabricated Sierpinski gasket for third iteration 

 
The resonant frequency f r can be determined by, 
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  f r = 2c/ (3Leff√єr)                                             (1) 
 

 Leff = √3. a/2                                                     (2) 
 

where, „Leff‟ is the effective length of the equivalent 
rectangular patch, „a‟ is the side of the triangular patch and єr 
,the relative permittivity. Ideal fractal geometry concepts 
cannot be used in designing antennas and therefore only up to 
the 3rd order of the fractal antenna is investigated.  The S11 
plots for the different iterations are shown in figures 3, 4, 5 
and 6.  
 

 
Figure 3: S11 plot for the basic structure 

 

 
Figure 4: S11 plot for the first iteration 

 

 
Figure 5: S11 plot for second iteration 

 

 
Figure 6: S11 plot for the third iteration 

 
For the base geometry, no radiating bands with considerable 
gain was identified, where as for the first iteration a radiating 
band at 6.1GHz with a return loss of -12.71dB was observed. 
As we can see, for the second iteration, two bands at 6.8GHz 
and 7.5GHz with -16.72dB and -14.71dB return losses 
respectively were observed and for the third iteration the 
antenna shows resonances at 5.9GHz, 6.5GHz and 7.1GHz 
with a return loss of -10.24dB,-18.12 and -18.71dB 
respectively. The observed values are in quite agreement with 
experimental results and are tabulated in Table 1. 
 

Table 1: Comparison of theoretical and experimental values for resonant frequency, return loss and bandwidth for all the three 
iterations 

Iteration Resonant Frequency 

(GHz) 

Return Loss 

(dB) 

Bandwidth 

(GHz) 

Theoretical Experimental Theoretical Experimental Theoretical Experimental 

0 5.9 7.5 -8 -8.2 0.12 0.1 
1 6.1 5 -10.2 -14.11 0.25 0.2 
2 6.8 

7.5 
6.6 

7.76 
-17 

-14.5 
-14.74 
-14.41 

0.35 
0.45 

0.4 
0.4 

3 5.9 
6.5 
7.1 

5.59 
6.2 

8.68 

-11 
-18.25 
-18.75 

-17.89 
-10.37 
-18.79 

0.2 
0.3 
0.4 

0.5 
0.4 
0.6 

 
From these results, the following conclusions can be made: 
 The resonant frequency increases with increase in the 

number of iterations 
 The multiband behavior is obtained as the numbers of 

iterations are increased  
 The return losses improve as the number of iterations 

increase 
 The bandwidth of the antenna gets increased too with 

increase in the number of iterations 
 

3. Modified Sierpinski Gasket  
 

A modified Sierpinski gasket was designed and simulated 
conceiving the idea from a regular Sierpinski gasket. The 
analysis presented here demonstrates that the multiband 
behavior of Sierpinski gasket is primarily a function of the 
periodic placement of the four gaps located along the central 
vertical axis of the antenna. It is demonstrated that the 
majority of the self-similar fractal gap structure can be 
eliminated from the Sierpinski gasket without significantly 
affecting its multiband behavior [8]. Hence all other gaps 
except those which run through the central vertical axis can 
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be removed. It is interesting to note that for each successive 
operating band, the current distribution through the 
Sierpinski gasket truncates at the extent of the sub gasket 
corresponding to each iteration [1],[2]. From this truncation 
of the current distribution, it seems reasonable to conclude 
that the major gap structures located at the extent of each sub 
gasket primarily determines the multiband behavior of the 
Sierpinski gasket. Evidence of this is obtained by eliminating 
the lesser gap structure within each sub gasket as shown in 
figure 7. 
 

 
Figure 7: Modified Sierpinski Gasket (a) Schematic view  

(b) Fabricated structure 
 
The S11 result for the modified structure is shown in figure 8. 
As one can see the two resonating bands at 6.7GHz and 
7.6GHz remain the same for the modified structure. In 
addition to the two bands, a new band has been introduced 
for the modified structure at 3.6GHz with a return loss of  
-10.23dB.The appearance of the new band at 3.6GHz is at 
the cost of disappearance of the band at 5.9GHz. Also, 
3.6GHz is a more useful frequency value when compared to 
5.9GHz. 
 

 
Figure 8: S11 plot for modified structure (simulated) 

 
Figure 9 shows the experimental curve for the modified 
structure. A Keysight N9915A Vector Network Analyzer is 
used for the experimental study. This clearly explains the 
significance of the air gaps through the central vertical axis in 
determining the multiband behavior. The three air gaps 
through the central vertical axis are necessary to provide 
multiband. This means that we can equally end up in the 
modified structure given in figure 7; which can provide us 
with the similar results as that of a regular Sierpinski gasket. 
 

 
Figure 9: S11 plot for the modified structure (experimental) 

 
4. Miniaturization 
 
A miniaturized structure of the modified Sierpinski fractal 
antenna is presented. It is designed by conceiving the ideas 
and results of a Sierpinski gasket structure and it‟s modified 
one. From the previously simulated structures we can 
conclude that the gaps through the central vertical axis of the 
structure play an important role in positioning of the 
resonating bands. The overall height of the triangle is 
considerably reduced. The gaps have been placed so as to get 
the same results as that of the previous structure. At the top 
of the patch a trapezoidal gap is provided in order to force 
the current to flow through a convoluted path [9]. The other 
gaps are provided in the shape of a triangle. This gap can be 
of any shape; but a triangle serves as the well suited one as it 
has pointing edges. Each vertex of the air gap perturbs into 
the current that is mainly concentrated at edges of the 
structure. Figure 10 shows the experimental S11 plot for the 
modified Sierpinski gasket. The overall dimension of the 
design is 50mm x 53 mm with a substrate height of 1.6mm 
and a relative permittivity of 3.38. The dimension of the 
ground is 50mm x 40.7mm. A miniaturization of about 30% 
has been achieved. 
 

                
                        (a)                                        (b) 
Figure 10: Miniaturized fractal antenna (a) Schematic view  

(b) Fabricated structure 
 

The simulated and experimental S11 plots for the modified 
miniaturized fractal antenna are shown in figure 11 and 
figure 12 respectively.  
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Figure 11: S11 plot for the miniaturized structure (simulated) 
 

 
Figure 12: S11 plot for miniaturized structure (experimental) 
 
The antenna resonates at 5 frequencies, namely 3.1GHz, 
3.8GHz, 5.6GHz, 6.9GHz and 7.7GHz.The second and third 
resonating bands (3.8GHz band and 5.6GHz band) have wide 
bandwidth compared to the other bands. Table 2 describes 
comparison of theoretical and experimental values for 
resonant frequency return loss and bandwidth for the 
modified and miniaturized structure.  
 

Table 2: Comparison of theoretical and experimental values for resonant frequency, return loss and bandwidth for the 
modified and miniaturized structure 

 Resonant Frequency 

(GHz) 

Return Loss 

(dB) 

Bandwidth 

(GHz) 

Theoretical Experimental Theoretical Experimental Theoretical Experimental 

Modified Structure 3.6 
6.7 
7.6 

3.1 
6.89 
8.99 

-10.5 
-14.75 
-11.75 

-11.5 
-10 

-14.01 

0.3 
0.3 
0.4 

0.2 
0.5 
0.5 

Miniaturized structure 3.1 
3.8 
5.6 
6.9 
7.7 

3.1 
3.75 
5.18 
6.64 
8.27 

-17.5 
-10.5 
-14.5 
-22 
-17 

-18.26 
-16.08 
-12.69 
-22.09 
-23.08 

0.2 
0.5 
0.5 
0.2 
0.2 

0.3 
0.4 
0.4 
0.5 
0.5 

 
In order to understand which part of the antenna is being 
utilized at each resonance, the surface current densities are 
analyzed for each of the resonant frequencies. This gives an 
intuitive insight as to how the antenna is operating at multiple 
frequencies. The current flow is forced in a way of 
concentration at the subscale version of the antenna elements, 
having a perimeter comparable to the wavelength. This 
helped in positioning of the air gaps.  
 
5. Conclusion 
 
This paper presents the design of a multiband Sierpinski 
gasket and its modified structure where major portions of the 
Sierpinski gasket‟s self-similar fractal gap structure were 
altered or eliminated completely. A miniaturized fractal 
antenna was designed and fabricated using the concepts of 
Sierpinski gasket. A miniaturization of 30% was observed. It 
was concluded that the geometry of Sierpinski gasket is fully 
determined by height, flare angle, iteration number, and 
scaling factor. Positions of different bands can be controlled 
by proper adjustment of the above factors. All the simulation 
results have been supported by the corresponding 
experimental results. The proposed design provides a high 
degree of flexibility in choosing the number of bands and the 
associated band spacing for a candidate antenna design.  
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