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Abstract 

Bandwidth of the operating frequency of an antenna is an 

important parameter in antenna design. It is strongly related to 

the performance of data rate. Hence to get more data rates for 

mobile applications, much higher bandwidths are needed. 

Frequency bands lies above 6 GHz, characterized by more 

continuous frequency range than bands below 6 GHz. This 

gives more chance to meet these requirements. To this end 

Pentagon fractal antenna is proposed here. It has multiband 

behavior and very good gain and directivity with excellent 

efficiency which make it very suitable for above 6 GHz 

applications. 
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INTRODUCTION 

Now a day communication systems uses multiband antennas 

to overcome its developing requirements. Wireless local area 

network (WLAN) and (WiMAX) have been vastly applied in 

mobile devices particularly in smart phones [1, 2]. The quick 

developments of wireless communication system have made 

antenna designs to focus on multiband and small simple 

structures that can be easy to fabricate. 

Fractal shapes design has gathered these two limits, multiband 

and small size structure [3,4].Many designs were discussed in 

literatures considering antennas operate in c-band applications 

[5-7]. Fractal antennas studied include specific shapes, such as 

the Koch curve, Sierpinski triangle, Hilbert curve, Minkowski 

curve and Peano curve [8-11]. Pentagon fractal antenna 

representsa very good design to meet these two limits [12]. 

Frequency band above 6 GHz that might be suitable for future 

mobile communication services, regards as 5G (the 5th 

generation of mobile services). Fifth generation of mobile 

technology may include new ways of using mobile devices 

and completely new types of mobile devices [13]. According 

to the limited range of communication systems spectrum 

sharing above 6 GHz become easier [13]. This could be 

improved by the use of more directional antennas [13-16].  

In the present work pentagon fractal antenna is proposed. It 

has four resonant points above 6 GHz band. Currently, there 

are some uses of this band (above 6 GHz) like satellite 

communications, fixed wireless links, defense, science, and 

the promising 5G applications [13]. 

 

FRACTAL SHAPE GENERATION 

The pentagon fractal shape is generated by an iterated 

function system (IFS) process [3]. It begins with a pentagon 

initiatorP0. In the second stage, there is five copies of the 

original pentagon are obtained when scaling down by a factor. 

Each one of the five pieces is translated from its position to 

five vertices of the large pentagon. After that, the large middle 

piece is subtracted from the small pieces. Fig.(1) shows the 

structure of the generator. Next iteration is obtained by 

repeating this processes on the new set P1.So that the IFS for 

pentagon is given by the following equation [3,12, 17]. 

𝐼1(𝑥, 𝑦) = (0.38𝑥; 0.38𝑦) 

𝐼2(𝑥, 𝑦) = (0.38𝑥 + 0.618; 0.38𝑦) 

𝐼3(𝑥, 𝑦) = (0.38𝑥 + 0.809; 0.38𝑦 + 0.588)       ………… (1) 

𝐼4(𝑥, 𝑦) = (0.38𝑥 + 0.309; 0.38𝑦 + 0.951) 

𝐼5(𝑥, 𝑦) = (0.38𝑥 − 0.191; 0.38𝑦 + 0.588) 

We can see that there are five maps for this IFS, with each 

ratio being greater than one. Therefore, the fractal dimension 

is [12]  

𝐷𝑓 =
log(5)

log(
2

3−√5
)
= 1.672   ………….. (2) 
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Figure 1: Pentagon generation 

 

RESULTS AND DISCUSSION 

Simulation of modified pentagon fractal antenna is done 

utilizing HFSS code. The modified shape is generated in the 

same way as the original one. The difference here is uniting 

the vertices of the five small copies with central one. This 

modification will allow current to flow across the antenna 

structure easily causing smoother field pattern. The 

computations for the S-parameter were performed in the 

frequency range (6.5–12.5) GHz. Computed scattering 

coefficient (S11) with frequency are shown in Fig.2.  

 

 

Figure 2: Scattering parameters (S11) versus frequency 

 

From Fig.3 we can see the variation of the computed voltage standing wave ratio (VSWR) with frequency. 
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Figure 3: VSWR versus frequency 

 

As seen from these two figures, there are four matching 

(VSWR< 2) frequencies with feeding point. The resistance of 

feed point is set to 50 ohm. 

Fig.4. shows two dimensional radiation pattern for E-plane 

and H-plane of the four matching points. Smooth pattern is 

obtained due to the modification in the shape of the antenna. 

Uniting the edge of the connected elements led to more flow 

of currents across the antenna structure. This is cause more 

distribution of currents around the body of antenna which in 

turn affect the shape of field pattern. 

 

 

Figure 4: Radiation pattern field of the four resonant frequencies 
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Current distribution over the body of the antenna is illustrated 

in Fig.5. From the figure we can see that the current is 

concentrated around feeding point and cover all the structure 

body of the antenna. At higher frequencies it is reduced to the 

edges around the antenna body. 

 

 

Figure 5: Current distribution over antenna body 

 

In addition to the above properties, gain and directivity is 

computed using HFSS code. Modified pentagon model has 

high gain and directivity at all resonant frequencies illustrated 

in Fig.6. 
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Figure 6: Gain and Directivity of the four resonant frequencies 

 

The radiated efficiency of the proposed antenna is also 

calculated using the following equation [18]. 

𝑒 =
𝐺

𝐷
  …… (3) 

Where e is the radiated efficiency, D is the maximum 

directivity, and G is the maximumgain. All these parameters 

are listed in Table.1. 

 

Table 1: Parameters of Pentagon fractal antenna 

Efficiency 

% 
Input 

Impedance 
Gain 

(dB) 
Directivity 

(dB) 
VSWR Return 

loss 

(dB) 

Frequency 

(GHz) 

99 42.5 6.34 6.36 1.5 -13.7 7 
96 46.6 8.21 8.54 1.2 --21.08 8.4 

99 48.6 6.77 6.78 1.6 -12.7 11.1 

97 48.7 7.88 8.06 1.1 -24.1 11.9 
 

CONCLUSION 

In the present work modified pentagon fractal antenna is 

proposed to work in the frequency range (6.5-12.5) GHz. 

Utilizing from fractal geometry in designing the shape of the 

antenna and uniting the vertices of the shape elements has 

acquired this model very good properties like small area, low 

profile, high gain and directivity, and very good matching at 

four different frequencies. Besides, very high efficiency which 

makes this antenna is applicable in different areas like fixed 

wireless links, defense, science, and smart phones through the 

promising applications of 5G technology. 
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