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Abstract 

 

There are many techniques to improve the characteristics of antennas. This 

paper presents the analysis and designs a small size, low profile and dual band 

cross dipole hybrid antenna. The new designed antenna operates at three 

resonant frequencies of 700 MHz, 1060 MHz and 1360 MHz with acceptable 

bandwidth. Also the gain of the proposed antenna is calculated and described 

in the three planes XY-plane, XZ-plane and YZ- plane, where the antenna is 

placed in XZ-plane. 
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1. INTRODUCTION 

Fractal antennas have entered the view of many as a very promising solution. Fractal 

antenna theory is a relatively new area. However, fractal antennas and its superset 

fractal electrodynamics is a state of affairs for research activity. Fractal antennas can 

be utilized in a variety of applications, especially where space is limited [1]. There are 

several types that have been proven by other researchers, i.e., some of the fractal types 

can be used to reduce the antenna size [2]. The term fractal means broken 

(fragmented), was coined less than twenty-five years ago by one of history’s most 

creative mathematicians, Benoit Mandelbrot, whose seminal work, “The Fractal 

Geometry of Nature” [3]. In the mathematics, fractals are a class of complex 

geometric shapes commonly exhibit the property of self similarity, such that small 

portion of it can be viewed as a reduced scale replica of the whole. Fractals can be 
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either random or deterministic [4]. Fractal geometry is also combined with 

electromagnetic theory for the purpose of investigating a new class of radiation, 

propagation, and scattering problems, one such area is fractal electrodynamics [5-6]. 

Koch curve is a good example of self-similar space-filling fractals which have been 

used to develop wideband/multiband and/or miniaturized antennas. The features of 

the Koch geometry can overcome some of the limitation of small antennas. So in 

works, the fractal Koch geometry has been chosen due to its capabilities to reduce the 

size of the elements by applying different numbers of Iterations such as the 0th, 1st 

and series iteration [7]. The hybrid antenna has better results than the quadratic Koch 

dipole fractal antenna and triangular Koch dipole fractal antenna [8]. The cross dipole 

antenna based on the triangular and quadratic fractal Koch curve is also designed. 

This type of antenna has useful applications in communication systems. The gain of 

this cross dipole antenna is described in the three planes are XZ- plane, YZ- plane, 

XY- plane, where the antenna placed in the free space [9].  

 

2. PROPOSED ANTENNA DESIGN 

In this work, method of moment simulation code (NEC) is used to perform a detailed 

study of VSWR, reflection coefficient, and radiation pattern characteristics of the 

cross dipole hybrid Koch antenna in XZ-plane. The NEC is a computer code based on 

the method of moment for analyzing the electromagnetic response of an arbitrary 

structure consisting of wires or surfaces,    such as Hilbert and Koch curves. The 

proposed antenna includes the replacement of each arm in the normal dipole crossed 

antenna in (Figure 1) with first-iteration Koch curve geometry. The vertical and 

horizontal arms in the normal dipole crossed antenna are replaced with hybrid Koch 

curve geometry. The antenna has been called hybrid which has a square Koch 

geometry on the upper half and triangular Koch geometry on the lower half. The 

proposed antenna is shown in (Figure 2). The proposed antenna is placed in XZ-plane 

with design frequency equal to 750 MHz. For the design frequency of 750 MHz, the 

design wavelength  is 0.4 m (40 cm) then the length of the corresponding λ/2 dipole 

antenna length will be of 20 cm. 

                

Figure 1. Cross normal dipole antenna.   Figure 2. Proposed hybrid cross dipole antenna 
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3. SIMULATION RESULTS 

The reflection coefficient of the proposed antenna is shown in (Figure 4). It is found 

that the antenna has triple bands behavior at the resonance frequencies 700 MHz, 

1060 MHz and 1360 MHz with reflection coefficient < -10 dB. 

 

 

Figure 3. VSWR characteristics of hybrid cross Dipole antenna. 

 

 

Figure 4. Reflection coefficients at the antenna terminals. 

 

Table 1. VSWR, Reflection coefficient and Gain of the proposed antenna 

Frequency  

(MHz) 

VSWR Reflection 

Coefficient  

(dB) 

Gain(dBi) 

XZ-plane 

(phi=0) 

YZ-plane 

(phi=90) 

XY-plane 

(theta=90) 

700 1.7504 -11.282 2.26 1.80 1.78 

1060 1.6923 -11.796 1.41 0.94 1.01 

1360 1.936 -10.011 2.98 1.68 1.30 
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The radiation patterns at these resonant frequencies in the planes YZ-plane, XZ-plane, 

and XY-plane are depicted in (Figure 5-7), where the antenna is placed in the free 

space. 

 

     

XZ-plane   YZ-plane   XY-Plane 

Figure 5. Radiation patterns at 700 MHz in different planes. 

 

       

        XZ-plane      YZ-plane     XY-Plane 

Figure 6. Radiation patterns at 1060 MHz in different planes. 

 

   

XZ-Plane   YZ-Plane   XY-Plane 

Figure 7. Radiation patterns at 1360 MHz in different planes. 



Cross Dipole Hybrid Koch Fractal Antenna for Wireless Communication 367 

4. CONCLUSION 

In this work, the Cross Dipole Hybrid Koch Fractal Antenna based on a fractal first 

iteration has been presented. The simulation result shows that the proposed antenna 

can be used as multiband antenna. This proposed antenna operates at three resonant 

frequencies of 700 MHz, 1060 MHz and 1360 MHz with acceptable bandwidth. At 

these frequencies this antenna have VSWR<2 and reflection coefficient< 10dB. This 

proposed antenna is useful for wireless communication. 
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