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ABSTRACT: A Development of Double Hexagonal UWB Monopole Fractal Microstrip Patch Antenna is presented. 
In this letter, by inserting a modified small fractal elements at the corners of a polygon patch, standard UWB bandwidth 
can be covered while antenna dimensions are only 25 x25 mm. Parametric studies is performed, and different shapes 
are added to the antenna as the fractal element in order to realize the multiresonance behavior To validate the 
simulation results, prototypes of the proposed antenna are fabricated and tested. 
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I.  INTRODUCTION 

ULTRAWIDEBAND antennas are of great interest because of the merits such as high data rate, immunity against 
electromagnetic interference, robustness to fading, and capability of transmitting ultra-short pulses. These antennas are 
utilized in many applications such as mobile systems, wireless LANs, radars, biomedical imaging, tracking, and 
location finding.[1-3]. A very long length or a wide surface in a limited area can be produced by using fractal 
geometries. This provides a possibility to design miniaturized wideband antennas having radiation patterns and input 
impedance characteristics similar to larger antennas. Different antennas have been designed by using self-similarity and 
space-filling concepts of fractals to achievd wideband characteristics[4-6].   
UWB technologies have become very attractive due to the numerous advantages such as gigabit/second-level data rate, 
high security, and low cost. However, over the released UWB operation bandwidth (3.1~10.6 GHz), there are some 
narrow bands occupied by the existing wireless systems—for example, WLAN at 5.15~5.825 GHz ,monopole antennas 
have been widely used in wireless ultrawideband (UWB) communication systems because of their simple structure, low 
costs, and omnidirectional radiation pattern. The[8-9].In this letter, a technique for enhancing the impedance bandwidth 
is studied. Small polygon elements are added to the corners of an antenna radiator to achieve a multiresonance 
operation in a small area. Closely spaced resonant frequencies of the antenna lead to bandwidth enhancement. Surface 
current density on the proposed radiator is given for further insight. In addition, analysis of the effective parameters of 
the impedance bandwidth is presented. The simulated results are validated with measurement results. 
                                           

II. STRUCTURE OF AN ANTENNA 
 
The configuration of the proposed antenna labeled with the design parameters is shown in Fig. 1. The monopole 
comprises a coplanar waveguide (CPW) feed structure and a hexagonal radiator to which six small hexagonal elements 
are added. The antenna is printed on FR4 substrate with permittivity of 4.4 height 1.53mm and patch  thickness of 
0.1mm. The proposed antenna of small elements at its corners is simulated by electromagnetic analysis software Ansoft 
HFSS ver. 14. 
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 Fig. 1. Structure of the proposed Hexagonal With Side Element. L= 29mm    W=25mm hf=8.86mm hg=7mm 
  
In Fig1.on rectangular FR4 substrate of size 25mm x 25mm. Height of the substrate is 1.53 mm with relative 
permittivity 4.3 and radius of the radiating patch is optimized to 9.2 mm with feed-line width of 3.95mm Fig. 2 presents 
the surface electric current density on the antenna radiator and ground planes at frequencies 4.8693Ghz in this Fig that 
the electric current distribution at 4.8693 GHz is concentrated on the lower edge of the radiator and upper edge of half 
part. This means the antenna lower edge and upper edge of half part affects impedance characteristic at low 
frequencies. Fig. 3 shows the electric current distribution at 6.8040GHz.Current distribution is mainly concentrated on 
the four lower fractal elements and side edges. It is seen that the current distribution is  more complicated  than the first 
resonance frequency current distribution. The currents excited by the four lower fractal elements have strongly affected. 
It is observed in Fig.4 that the electric current distribution at 9.6784GHz is concentrated on the lower edge of the 

radiator. This means the antenna lower edge affects 
impedance characteristic at low frequencies 

 

 
 

Fig 2: Current distribution at frequency 4.8693 GHz                                Fig 3: Current distribution at frequency6.8040 GHz
  

 
                                              Fig 4: Current distribution at frequency9.6784GHz 
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III. SIMULATED RESULTS 
 
In Figure 5 Simulation results for the proposed antenna,S11 with and without hexagonal elements at its corners. Blue 
part is a with hexagonal elements at its corners and red part is a without hexagonal elements at its corners. S11 without 
hexagonal elements at its corners in a two resonant frequency is shifted from 1.6548GHz to7.3955GHz. Simulation 
results for the proposed antenna, S11 with hexagonal elements at its corners in a three resonant frequency is shifted 
from 1.6080GHz to6.8040GHz to9.6231GHz.  In Figure 6: Simulation results for the proposed antenna VSWR with 
and without  hexagonal  elements  at  its corners. The proposed antenna is optimized first for each design parameters 
two achieve the required ultra wide bandwidth. In this, ground width, ground length, feed width, gap between feed and 
ground optimized. 
 

 
Fig 5: Simulation results for the proposed antenna ,S11 with and without hexagonal elements at its corners. 

 
   
  

 Fig 6: Simulation results for the proposed antenna VSWR  with and without hexagonal elements at its corners. 
 

IV.   RADIATION PATTERNS 
 

The radiation patterns of proposed CPW-fed antenna are simulated at selective frequencies i.e 1.6080GHz, 9.6783GHz. 
The radiation patterns in Horizontal plane and Vertical Plane are shown in Figure 7. It is observed from the simulated 
radiation pattern that nature of radiation patterns are omni-directional in Horizontal plane and bidirectional in Vertical 
plane. It is also observed at higher frequency the radiation pattern slightly varies. In Figure 8.is a 3D polar plot this 
polar plot is a omni-directional  radiation pattern as like apple shape at 1.6080GHz.  
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                                                                                                          (b) 
                            (a) 

 
        (c) (d) 
 

Fig 7: Radiation pattern of proposed antenna at fig a)&b) 1.6080GHz (Vertical and Horizontal Plain), fig c)&d)   
 9.6783GHz(Vertical and Horizontal Plain) 

 

                         
     Fig 8:3D Polar Plot 
 

V. CONCLUSIONS 
 
In this paper of adding small fractal elements to the Polygon-shape radiator of a CPW-fed monopole antenna to obtain 
UWB bandwidth has been examined. Parametric studies as well as current distribution investigations have been done to 
further realize the antenna performance. Measured results also verified suitable impedance characteristic and radiation 
patterns of the proposed antenna. The proposed antenna presents omni-directional patterns across the whole operating 
band in the H-plane and bidirectional in E-plane. 
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