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Abstract 
 

This paper presents an octagonal fractal antenna for ultra wide band communication. This antenna have small size, lower fabrication cost 

and multiband characteristics. The antenna is simulated by using HFSS software. It has dimension 32x30mm2.Defected ground plane is 

used which improves gain. Here.FR4 (εr=4.4) having thickness 1.6mm is used as the substrate. The proposed antenna is operating in the 

frequency range 2.1-12GHz. The resonance frequencies are 2.2GHz, 3.3GHz, 5.6GHz, 9.6GHz and 12GHz.where VSWR ≤ 2. It has 

radiation efficiency of 89.08% and peak gain 10.2dBi .The proposed antenna is applicable in UWB, S, and C and X bands. 
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1. Introduction 

Now a day’s ultra wide band have much more attention because of 

its wide range of applications. So that studies regarding ultra 

wideband antennas are conducting by researchers. But the prob-

lem facing in such design is in the miniaturization and multiband 

properties of antenna. Another factor is the gain of antenna. It 

should be large in order to deliver maximum antenna power effi-

ciently.  

There are different feeding mechanisms such as probe feeding; 

aperture coupled feeding, and micro strip line feeding, where mi-

crostrip line feeding is commonly used. Among them micro strip 

line feed is preferred because of it’s ease of fabrication. The an-

tenna has to work in multiple frequency bands, also compact, low 

profile, low cost, and high gain. These antenna structures can be 

made using fractal geometries, which provide wide band and multi 

band characteristics [1]. 

Fractal antennas provide compact, high gain, multiband and wide-

band characteristics. The two important properties of fractal an-

tenna are self similarity and space filling property.  

Similarity in geometry is useful for multiband characteristics and 

space filling property leads to over all compact of antenna [2], 

[3].For an antenna radiate efficiently, its size should be less than 

quarter wavelength. 

Fractal antennas over come such limitations by applying a number 

of iterations. The iteration procedure leads to multi band and min-

iaturized antenna structure. Further miniaturization can be 

achieved by introducing slots in the patch [4].  

A wheel shaped fractal antenna has been proposed [5] to achieve 

ultra wide band applications. The proposed antenna have dimen-

sion 32x36mm2which operate in UWB, S, C and X band .FR4 is 

used as the substrate with defected ground plane. A comparison is 

carried out according to the antenna dimension with previous 

UWB antennas. 

Octagonal fractal circular PIFA for mobile phone applications [6] 

has been proposed. Fractal PIFA antennas have multiple bands 

Octagonal shape and slotted structures in the circular patch helps 

in increasing bandwidth.The results show that the proposed anten-

na can be used for integrating telecommunication services such as 

GSM, 3G, HiperLAN, UMTS and WLAN. 

In this paper, an octagonal fractal antenna is analysed. This anten-

na structure supports multiple bands with wide bandwidth. It can 

be used for UWB, S, and C and X band applications. The aerial 

have bandwidth ranging from 2.1-12GHz with resonance frequen-

cies 2.2GHz, 3.3GHz, 5.6GHz and 9.6GHz.The antenna shows 

10.2dBi peak gain and maximum efficiency of 89.08%. 

2. Mathematical modelling 

The circular patch can be designed using following equation 
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Here a is radius of circular patch; h=substrate thickness; εr 

=dielectric constant of the material. Patch length is increased due 

to fringing, so effective radius of patch is 
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Fig. 1: Octagonal Geometry Formation. 

 

Since octagonal shape is similar to circular shape it ia possible to 

obtain side length of octagon from radius of circle. Side length of 

octagon is given by the equation  

 

 

3. Proposed antenna structure 

An octagonal fractal antenna for ultra wide band communication 

is proposed in this paper. Here octagonal shapes is used as fractal 

shape. Also rectangular slots are introduced in the octagonal 

shape. Since octagonal shape is similar to circular shape, it offers 

wide bandwidth. The structure of proposed antenna is shown in 

the figure 1. Micro strip line feed is used for excitation. The oc-

tagonal fractal patch is printed on FR4 (εr=4.4 and tan δ= 0.002) 

substrate material. The height of the substrate is 1.6mm. The size 

of proposed antenna is 32x30mm2(LXW).Here defected ground 

plane is used which results reduction in antenna size and band 

width enhancement. The length of ground plane, Lg is 30mm and 

it’s width Wg is 7.5mm. The dimensions are depicted in the table 

I.  

As the first iteration an octagon with outer side length S1 equal to 

7.6mm and inner side length S2 equal to 6.12 is designed. Then 

second octagon with outer side length (S3) 6.12mm and inner side 

length (S4)3.06mm designed .Rectangular slots are added to the 

octagonal shape then proceed the iteration till the desired band-

width is obtained. Microstrip line feed having feed length 

Lf=9.4mm is used for excitation, which gives 50Ω impedance 

match. The slots in the ground plane provide wide band width 

High frequency structure simulator (HFSS) software is used for 

simulation of the proposed antenna. 

 
Table 1: Dimensions of Antenna in Mm 

L 32 

W 30 
Lf 9.4 

Lg 30 

Wg 7.5 
S1 7.6 

S2 6.12 

S3 5 
S4 3.06 

 

 
Fig. 2: Proposed Structure. 

 

 
Fig. 3: Fabricated Antenna. 

4. Measured results and discussion 

The figure shows simulated reflection coefficient, S11 of proposed 

antenna. From the result resonance frequencies are 2.2GHz, 

3.3GHz, 5.6GHz and 9.6GHz. Where s11 is less than -10dB.The 

band width is 9.9GHz starts from 2.1-12GHz. 

 

 
Fig. 3: Simulated Reflection Coefficient. 
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Fig. 4: Measured Reflection Coefficient. 

 

The figure below shows VSWR versus frequency curve, where 

VSWR is less than 2 at resonance frequencies. An antenna is said 

efficient, its reflection coefficient plot should less than -10dB and 

VSWR plot should less than 2dB. Which means 90% of antenna 

power is radiate and 10% power is reflect. 

 

 
Fig. 3: VSWR Plot. 

 

The gain versus frequency curve is depicted in the figure.which 

shows that gain is 10.2dBi, 4. 3dBi, 1. 3bBi, 3dBi at respective 

resonance frequencies. 

 

 
Fig. 5: Gain Plot. 

 

Radiation pattern of proposed octagonal fractal antenna is shown 

below at different resonance frequencies. 

 
Fig. 6: Radiation Pattern of Antenna at Resonance Frequencies. 

 

 
Fig. 6: 3D Radiation Pattern. 

 

Surface current distribution of proposed octagonal fractal antenna 

is depicted in the figure. 

 

 
Fig. 7: Current Distribution. 

5. Conclusions 

The proposed octagonal fractal antenna have wide band and multi 

band characteristics which operating from 2.2 GHz-12 GHz. The 

resonance frequencies are 2.2GHz, 3. 3GHz, 5. 6GHz 9.6GHz and 

12GHz.the peak gain of proposed antenna is 10.2 dBi. The para-

metric study of antenna is done using HFSS software. This octag-

onal antenna has dimension 30x32mm2,whch is small in area 

compared to other UWB fractal antenna From the simulation re-

sults proposed antenna is suitable for UWB(3.1-10.6 GHz), S(2-

4GHz), C(4-8GHz), and X(8-12GHz) band applications. 
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