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Abstract: The traditional Sierpinski gasket monopole antenna is well known for its multiband behavior. Compound fractal antennas 

have the potential to provide multi-band solution through the property of self similarity that the fractal shape poses. Using a 

combination of structures we can achieve much better bandwidth than the conventional and traditional fractal antennas. In this paper, 

a multi-band antenna based on new compound fractal geometry is presented, where the radiating patch is designed in fractal 

configuration. The aim is to design a multiband antenna with a circular slot inscribed in a triangular patch and to study the effect of 

iterations on the antenna characteristics. The design is simulated using HFSS software. It is a compact design, fabricated on FR-4 

substrate. Here coaxial feeding technique is used to excite the patch. The designed antenna is studied for return loss and bandwidth. 
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1. Introduction 
 

There is a tremendous growth in wireless communication 

which has resulted interest in the field of multiband antennas. 

Fractal shapes have the ability to provide multi-resonance 

behavior. Fractal is derived from a Latin word “fractus” 

which means broken or irregular fragments. Mandelbrot [1] 

coined the word fractal and described it as a family of shapes 

which possess self-similarity and self-affinity in their 

geometry. 

 

A self-similar [2] structure is structure that is made up of 

scaled down copies of the original structure, i.e., a 

contraction of the original structure which reduces by same 

factors horizontally and vertically. A Self-affine [2] structure, 

on the other hand is slightly different from self-similar 

structure, is a contraction which reduces a structure by 

different factors, horizontally and vertically. So, it can 

provide additional flexibility in the designing of antenna, 

since by selecting the scale factors appropriately, resonances 

can be spaced by different factors. So fractal antenna is a 

combination of antenna technology and fractal geometry. 

 

Fractal-shaped antennas represent a class of EM radiators 

where the overall structure of the antenna comprises of a 

series of repetitions of a base geometry, and where each 

geometric repetition is of a different scale. Fractal geometry 

is suitable for antenna design and there must be better shape 

among those geometries for antennas [3]. The fractal 

geometry constitutes of an initiator and generator. Initiator is 

the basic shape of the geometry or is the starting point of a 

fractal. Generator is the shape which gets repeated in a 

pattern on the initiator in subsequent stages [3], [4]. 

 

The self-similarity property of fractals is the cause of multi-

band and broad-band behaviour of antenna and their 

complicated shapes helps in designing of smaller size 

antennas [4]. Also because of the discontinuities in the design 

of fractal structures, bandwidth and the effective radiation of 

antennas is increased [4], [5]. 

2. Antenna Design 
 

2.1 Conventional Sierpinski Gasket Antenna 

 

There are several types of microstrip patch antennas based on 

fractal geometry. One of the well-known fractal antenna is 

Sierpinski patch antenna and the various types of it are used 

widely in telecommunication systems [5]. 

 
Figure 1: Conventional Sierpinski Gasket (a) Initiator (b) 

Generator. 

 

Fractal based multiband antenna was first introduced by 

Puente [5]-[9]. The initiator is shown in Fig. 1(a) and 

generator is shown in Fig. 1(b). The geometrical construction 

of the Sierpinski fractal starts with an equilateral triangle 

called the initiator. Next, with vertices those are located at 

the midpoints of the sides of the original triangle, a central 

triangle is formed which is removed from the initial structure 

resulting in Sierpinski’s first order fractal. The Sierpinski 

Gasket is shown in Fig. 2. 

 

 
Figure 2: Geometry of Conventional Sierpinski Gasket 
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2.2 Proposed Antenna Design 

 

The proposed fractal antenna is based on the Sierpinski 

Gasket antenna. The difference is that instead of a triangular 

slot a circular slot is removed from the initial structure. The 

initiator and generator of the proposed compound fractal 

antenna is shown in Fig. 3(a) and Fig. 3(b) respectively. 

 

 
Figure 3: Proposed compound fractal antenna (a) Initiator 

(b) Generator. 

 

 
Figure 4: Geometry of proposed compound fractal antenna 

 

Initially it starts with an equilateral triangle which is the 

initiator. Then a circle with a triangle is inscribed in the 

equilateral triangle and this circular part is removed, which 

forms the first iteration. The geometry of the proposed 

compound fractal antenna is shown in Fig.4. The substrate 

material is of thickness 1.6mm and with permittivity 4.4. The 

dimension of substrate is same, 60mmx60mm. The ground is 

also kept perpendicular to the patch and with the dimension 

60mmx60mm. Similarly the effective side length (se) is 

52.8mm.  

 

The structure was fed through a 50 coaxial probe with an 

SMA connector on the bottom vertex of equilateral triangle. 

The structure of the proposed compound fractal antenna on 

the substrate is shown in Fig 5. 

 

3. Simulated Results 
 

The simulation has been performed using Ansoft HFSS. The 

radiating patch, the ground plane and all conductors are 

assumed to be perfect electric conductor. The simulation 

frequency range is from 0.1 GHz to 4 GHz. The simulated 

antenna structure is shown in Fig. 5. 

 

 
Figure 5: Structure of proposed compound fractal antenna 

on substrate FR4. 

 

Fig. 6 shows the S11 for the first iteration of the Proposed 

Compound Fractal Antenna with respect to the frequency. 

 

 
Figure 6: Simulated S11 for the first iteration of the Proposed 

Compound Fractal Antenna. 

 

It can be seen from Fig. 6 that using a compound generator 

return losses lower than -10 dB are obtained. So two 

resonances are achieved from the first iteration. The first 

resonance are slightly lower at 0.86 GHz exhibits a return 

loss of -42.98 dB and the second resonance at 3.18 GHz 

exhibits a return loss of -37.43 dB. 

 
Figure 7: VSWR graph for measurement of Bandwidth for 

the first iteration of the Proposed Compound Fractal 

Antenna. 
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Fig. 7 shows the simulated voltage standing wave ratio (V 

SWR) with respect to the frequency of the proposed 

compound fractal antenna. It can be seen from Fig. 7 that the 

antenna impedance bandwidth extends from 0.63-1.20 GHz 

and 2.82-3.44 GHz with VSWR less than 2. The bandwidth 

obtained by the compound fractal antenna. for the resonant 

frequencies is shown in Table I. 

 

Table 1: Resonant properties for the Proposed Compound 

Fractal Antenna. 
Resonant 

Frequency 

Range Of 

Frequency 

Bandwidth Bandwidth % 

0.86 GHz 0.63-1.20 GHz 570 MHz 66.27 % 

3.18 GHz 2.82-3.44 GHz 620 MHz 19.49 % 

 

The far-field radiation characteristics of the proposed 

compound antenna for the resonant frequencies are shown in 

Fig. 8. The radiation pattern are obtained in two principal (x-

y and y-z) planes.  

 

 
(a) 

 

 
(b) 

Figure 8: Radiation Patter for the first iteration of Proposed 

Compound antenna (a) 0.86 GHz (b) 3.18 GHz. 

 

The radiation patterns are stable and in the considered bands 

this antenna exhibits nearly omni-directional radiation 

characteristic in the H-plane(y-z plane) and dipole like 

directional patterns in the E-plane (x-z plane). The E-plane 

radiation patterns over operating frequencies are roughly 

symmetric and have two main lobes. 

 

4. Measured Results 
 

The simulated design of proposed antenna is fabricated using 

FR4 substrate. The radiating patch is of copper material and 

ground is a simple copper sheet. The prototype is shown in 

Fig 9. 

 
Figure 9: Photograph of the fabricated antenna. 

 

The fabricated antenna is measured using Vector Network 

Analyzer. The Network Analyzer was calibrated before 

measuring the results. The measured results of Return Loss 

and VSWR are shown in Fig. 10 and Fig. 11 respectively. 

 
Figure 10: Measured return loss of the fabricated antenna. 

 

Return losses lower than -10dB is achieved which indicates 

multiple bands. The multiple resonances are achieved at 

0.98GHz and 3.38GHz. But compared to the simulated return 

loss there has been a slight frequency shift. 
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Figure 11: Measured VSWR of the fabricated antenna. 

 

VSWR values lower than 2 are achieved. The values are 

close to 1 which indicates good matching. The impedance 

bandwidth obtained by measuring the fabricated antenna is 

shown in Table II. 

 

Table 2: Resonant properties for the Proposed Compound 

Fractal Antenna 
Resonant 

Frequency 

Range Of 

Frequency 

Bandwidth Bandwidth 

% 

0.98 GHz 0.72-1.23 GHz 510 MHz 58.16 % 

3.38 GHz 3.137-3.58 GHz 443 MHz 13.10 % 

 

5. Conclusion 
 

A novel compound fractal antenna has been designed, 

simulated and fabricated. The measured antenna shows that 

the antenna is capable of operating over multiple bands. As 

the iteration increases the number of resonant frequency 

increases. The proposed antenna behaves as an multiband 

antenna. With the addition of a compound generator in the 

fractal geometry, very good impedance matching and 

improvement in bandwidth has be attained. Bandwidth of 

510MHz and 443MHz has been obtained from the fabricated 

antenna. The measured results are in good agreement with 

the simulated results. 
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