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Abstract─ In this paper a novel hexagonal-circular 
Fractal antenna is proposed for wideband 
applications. The proposed antenna is made of 
iterations of a circular slot inside a hexagonal 
metallic patch with a transmission line and is 
fabricated on low cost epoxy matrix reinforced 
woven glass material. Measurement shows that with 
a dimension of 0.36λ0×0.36λ0×0.0071λ0 (where λ0 is 
the lower edge frequency of the operating band), the 
proposed antenna achieves a wide impedance 
bandwidth ranging from 1.34 GHz to 3.44 GHz 
(88%). The proposed antenna also achieves high 
gain and exhibits a stable radiation pattern which 
makes it suitable for many wireless communications 
such as DCS-1800, PCS-1900, IMT-2000/UMTS, 
ISM (including WLAN), Wi-Fi and Bluetooth. 

Index Terms ─ DCS, Epoxy material, Fractal 
geometry, ISM, wideband, Wi-Fi. 

I. INTRODUCTION 
Recent developments in wireless 

communication have heightened the need for 
wideband antennas with compact size and low cost. 
An antenna is considered as a wideband antenna if 
its impendence and pattern do not change 
significantly over about an octave or more. Several 
methods and approaches have been reported for 
designing antennas with wide and ultra-wide 
operating band in which the periodic structure is one 
of the most common methods [1-3]. Periodic 

geometry has been studied using the fundamental 
concept of Fractal structure for the last few decades. 
Self-similarity and space filling are two common 
properties for designing of Fractal antennas. Self-
similarity leads to multiband while the space filling 
causes the long electrical length. If the antenna 
dimensions are smaller than a quarter of 
wavelength, it cannot be an efficient design because 
of decreasing of radiation resistances [1-5]. 

Most studies in the field of Fractal antenna have 
focused on Koch, Sierpinski and Hilbert, Cantor, 
Minkowski and Fractal tree shapes in recent years. 
The Koch monopole antenna is designed by 
iterating the initial triangle pulse [6]. The Log 
periodic Fractal Koch antenna for UHF band 
application is proposed in [7]. Koch like sided 
Sierpinski Gasket multi-Fractal dipole antenna is 
one of the most important Fractal antennas based on 
the triangle shape and is suitable for multi-band 
application [8]. In designing of the antenna 
proposed in [9], the Sierpinski Fractal shape is 
perturbed and two iteration stages had been 
introduced to achieve dual band centered at 915 
MHz and 1.575 GHz.To yield multiband behavior, 
the antenna proposed in [10] considered two Fractal 
stages of the Sierpinski Gasket as base shape. With 
an overall size of 60×80 mm, the proposed antenna 
achieved dual operating bands centered at 898 MHz 
and 2.44 GHz. By taking the planar Sierpinki 
prefractal as a reference shape, the antenna 
proposed in [11] achieved a multiband behavior 
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with a dimension of 80×80 mm. In [12], a modified 
Fractal slot antenna was presented for DCS, 
WiMAX and IMT applications. By applying 
Minkowski Fractal concept, the reported antenna 
achieved dual operating band of 1.71-1.88 GHz and 
3.2-5.5 GHz. Despite having fairly compact 
dimensions (38.54×75.2 mm), this antenna requires 
a complex structure to create and control dual 
operating band. The CPW-fed slot antenna proposed 
in [13] is based on hexagonal Fractal geometry and 
only applicable for the UWB frequency band. 
However, the realized gain of this antenna is quite 
low. In [14], the hexagonal shape is obtained by 
three iterations with arranging dipole configuration 
that is large in physical size. By using side-fed 
feeding configuration to the hexagonal geometry, 
the antenna proposed in [15] achieved an impedance 
bandwidth of 2.5 GHz (1.1-3.6 GHz). However, the 
reported antenna does not possess a physical 
compact profile having a dimension of 150×150 
mm. To achieve an operating band ranging from 
1.9-2.4 GHz, two parallel slots were incorporated 
into the patch of a microstrip antenna proposed in 
[16]. However, the designed antenna is not suitable 
for portable mobile devices due to its large 
volumetric size of 140×210×10 mm. Tapering the 
radiating patch or ground plane shape and use of 
lossy substrates have also been reported in 
achieving wide and ultra-wide band frequency 
response [17-18]. Despite of wide and ultra-wide 
operating band, none of these reported Fractal 
antennas deal with hexagonal circular geometry 
which could be a new arena in the designing of 
Fractal antenna. 

In this paper, a novel wideband Fractal antenna 
based on hexagonal-circular geometry is proposed 
and designed on epoxy matrix reinforced woven 
glass material. The iterations of a circular slot inside 
a hexagonal metallic patch fed by a transmission 
line help to achieve wide impedance bandwidth 
ranging from 1.34 to 3.44 GHz. The achieved high 
gain and stable radiation patterns makes the 
proposed suitable for being used in various wireless 
applications such as DCS-1800 (1710-1880 MHz), 
PCS-1900 (1850-1990 MHz), IMT-2000/UMTS 
(1885-2200 MHz), ISM (2400-2483 MHz), Wi-Fi 
(2400 MHz) and Bluetooth 

(2400-2500 MHz). Compared to the antennas 
reported in [11-12, 15-16], the proposed antenna is 
compact, simple and easy to fabricate. 
 

II. ANTENNA DESIGN 
The proposed antenna designed on substrate 

material consists of an epoxy matrix reinforced 
woven glass. The fiber glass in the composition is 
60% while the epoxy resin contributes 40% of the 
composition. This composition of epoxy resin and 
fiber glass varies in thickness and is direction 
dependent. One of the attractive properties of 
polymer resin composite is that they can be shaped 
and reshaped repeatedly without losing their 
material properties [19]. Due to ease of fabrication, 
design flexibility, low manufacturing cost and 
market availability, the epoxy matrix reinforced 
woven glass material has become popular in the 
designing of microstrip patch antenna. 

The design of the proposed antenna is based on 
a hexagonal geometry. In the proposed shape, the 
initial shape is a subtraction of hexagonal shape 
with a length of (R1+d1/ ( 3 / 2) and circle with radius 
R1, where d1 is the thickness between hexagonal and 
circle, and is as shown in Fig. 1 (a). The existence 
of edges leads to losses of energies, so the internal 
geometry has been changed to circular. The next 
shape is the subtraction of hexagonal with a length 
of (R2+d2)/ ( 3 / 2) and circle with radius R2, while it 
rotates by 300. This process is continued to seven 
steps, and in every step the shapes are rotated 300. 
The shape can rotate clockwise or counterclockwise 
due to the symmetrical nature of the proposed shape. 
If the proposed shape is chosen to rotate in a 
clockwise (counterclockwise), the other shapes 
should be rotated clockwise (counterclockwise). For 
limiting 3D modulator error, the next iterations are 
constructed so that it introduces interference 
between the main patch and next iteration. The 
metallic concentration between the iterations 
(hexagonal and circle) is about 0.1mm. The 
configuration is the iterations of a circular slot 
inside a hexagonal metallic patch. Figure 1 shows 
the shapes and relations based on their distances 
from the center and design procedure of proposed 
Fractal structured geometry. 
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Fig. 1. Design procedure of the proposed Fractal 
geometry: (a) base shape, (b) first iteration, and (c) 
final shape. 

The variation of return loss for various 
iterations is shown in Fig. 2. It is seen that the 
antenna with higher iteration exhibits better 
impedance bandwidth. It is also observed that the 
base shape with iteration (Itr) 0 has a narrow 
bandwidth which permits to continue the iterations 
up to seven to obtain a wider operating bandwidth. 

Five parameters are considered for the design of 
hexagonal geometry including Ri (length of 
hexagonal and circular), di (difference between the 
lengths of hexagonal and circle), LT (length of 
transmission line), LG (side length of ground plane), 
and WT (width of the transmission line) that their 
relations are based on the following equations: 

i = 1, 2, 3,…...N, (1) 

and the vertical gap between the ground plane and
the radiating element is: 

. (2) 

Fig. 2. Return loss curves for various iterations. 

The configuration of the proposed antenna is 
shown in Fig. 3. The hexagonal Fractal patch is 
printed on one side of a 1.6-mm thick epoxy woven 
glass material of relative permittivity 4.6, while the 
partial ground plane with side length LG is printed 
on the other side. The hexagonal patch with side 
length R16 is fed by a transmission line. The length 
and width of the transmission line are fixed at LT and 
WT respectively to achieve 50Ω characteristic 
impedance. An SMA is connected to the 
transmission line. The overall electrical dimension 
of the proposed antenna is 0.36λ0×0.36λ0×0.0071λ0

(where λ0 is the lower edge of the operating band), 
which is smaller than the antenna proposed in [11,
16] for DCS, PCS, IMT/UMTS, and ISM 
applications. 

Fig. 3. Configuration of the proposed antenna: (a) 
top view (left side), and (b) bottom view (right side). 

III. ANTENNA SPECIFICATIONS 
The dimension of the perimeter of a hexagonal 

is equal 1 (D = 1) and hexagonal area is called 
Shexagonal with dimension of 2 (D = 2), so the 
dimensions of the proposed shape are between 1 and 
2 (1<D<2). Due to existing of two types of shapes 
(hexagonal and circular), the dimension of the 
proposed geometry is not able to be figured out only 
by one scale factor. In the first step, the equivalent 
hexagonal shape with circular shape can be 
calculated according to the relation (4). Then the 
dimension of the new proposed Fractal shape can be 
computed according to the relation (6). 
(1.5√3)×(R1

2-Rn
2) is scale factor where R1 is the 

length of the first hexagonal and Rn is the length of 
the equivalent hexagonal with the circle radius of 
nth iterations. 

Sn is the area of the nth iterations that is 
determined with relation (5). The hexagonal area 
Shexagonal is defined as: 
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 . (3) 
Rn, the length of the corresponding hexagonal with 
a circle radius of nth iterations can be written as: 

 , n=2, 3, 4,.. (4) 

The area corresponding to the hexagon-circular 
Fractal area of nth iterations is: 

 , (5) 

 . (6) 

The first design is done with R16 = 27.6 mm and 
d = 0.5 mm, that d is constant for all the iterations. 
The dimensions for the proposed geometry to 7 
iterations are arranged in Table 1. It can be observed 
that increasing iterations enhance the dimension, so 
lead to increasing the electrical length. 
 
Table 1: Dimension of the proposed Fractal 
geometry for various iterations 

Iteration Base 
Shape 

First Second Third 

Dimension 
(mm) 1.0025 1.1389 1.2303 1.3040 

Iteration Fourth Fifth Sixth Seventh 
Dimension 

(mm) 1.3692 1.4302 1.4895 1.5488 

 
IV. PARAMETERIC STUDY 

A parametric study is conducted to investigate 
the effects of the different parameters on the antenna 
performances. All the parametric studies have been 
conducted using high frequency simulation software 
from Ansoft. In the simulation, only the parameter 
of interest has been changed and the other 
parameters are kept constant using of the objective 
function � �fS�  with the strategy of � � 10�-fS� , where 

� �fS�  is function of return loss with specified 
parameters, λ = {LT, LG, WT, R16, di: i =1, 2, ., .8}, of 
the proposed antenna that has larger bandwidth. 

The variation of the return loss with λ parameter 
is shown in Fig. 4. It is observed that decreasing and 
increasing of λ from a certain value leads to decrease 
in the bandwidth. Table 2 summarizes the effects of 
λ on bandwidth performances with various values. 

The variations of the return loss with R16 (length 
of last hexagonal structure) are shown in Fig. 5. It is 
observed that decreasing and increasing of R16 from 

a certain value leads to decrease in the bandwidth. It 
can be seen from the Fig. 5, that a value of 27.6 mm 
for R16 can maintain the good impedance bandwidth 
with better return loss values. The variation of the 
return loss with LT (length of transmission line) is 
depicted in Fig. 6. 

 
 
Fig. 4. Effect of λ on return loss characteristics. 
 
Table 2: Variation values for all λ parameters 
Parameter(mm) λ'2 λ2 λ"2 
LT 27 24 20 
LG 26 23 19 
WT 4 3.3 2 
R16 30 27.6 20 
d1 0.4 0.47 0.36 
d2 0.67 0.3 0.445 
d3 0.45 0.65 0.4 
d4 0.45 0.35 0.68 
d5 0.42 0.4 0.49 
d6 0.35 0.4 0.32 
d7 0.5 0.44 0.5 
d8 0.42 0.5 0.42 

 

 
 

Fig. 5. Effect of R16 on return loss characteristics. 
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Fig. 6. Effect of LT on return loss characteristics. 

In the simulation of performance analysis of LT

versus frequency, only the value of LT is varied 
while the other parameters are kept constant at R16 =
27.6 mm, WT = 3.3 mm, LG = 23 mm and h = 1 mm. 
It is seen from the plot that decreasing of LT leads to 
decrease in the operating bandwidth, while 
increasing of LT leads to increase in operating 
bandwidth. It is also noted that, decreasing and 
increasing of LT from a certain value leads to a 
mismatch of the input impedance. Based on the 
observations, it is found that a value of 24 mm is an 
appropriate choice for LT in achieving the widest 
operating bandwidth. 

Figure 7 shows the variations of the return loss 
characteristics with the width of the transmission 
line, WT. In optimization, only the value of WT is 
varied while the other parameters are kept constant 
at R16 = 27.6 mm, LT = 24 mm, LG = 23 mm and h =
1mm. It is seen from the figure that, decreasing and 
increasing of the WT leads to decrease the 
impedance bandwidth. It is also observed that, when 
WT decreases and increases from a certain value, the 
impedance matching becomes poor at higher 
frequencies resulting in a bandwidth reduction. In 
this design, a width of 3.3 mm performs with better 
return loss and input impedances. 

The variation of return loss with h parameter 
(the vertical gap between the ground plane and the 
radiating element) is shown in Fig. 8. It can be 
observed that, increasing and decreasing of h from 
the certain value leads to decrease in the bandwidth. 
From the plot in Fig. 8, it is clear that a gap of 1mm 
can maintain the good impedance bandwidth with 
better return loss values. 

Fig. 7. Effect of WT on return loss characteristics. 

Fig. 8. Effect of h on return loss characteristics. 

V. RESULTS AND DISCUSSION 
The characteristics of the proposed antenna 

have been optimized by high frequency simulation 
software HFSS. A prototype with optimized 
dimensions tabulated in Table 3 has subsequently 
been fabricated for experimental verification and 
shown in Fig. 9. The antenna performances have 
been measured in an anechoic chamber using far 
field antenna measurement system and Agilent 
E8362C Vector Network Analyzer. The 
experimental setup was calibrated carefully by 
considering the effect of feeding cable using an 
Agilent digital calibration kit. 

The simulated and measured return losses and 
VSWR of the proposed antenna are depicted in Fig. 
10. It is observed from the plot that the measured 
impedance bandwidth of the proposed antenna is 
ranging from 1.34 to 3.44 GHz, which is equivalent 
88%. A good agreement between the simulated and 
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measured results has been observed. The disparity 
between the measured and simulated results 
especially at edge frequencies is attributed to 
manufacturing tolerance and imperfect soldering 
effect of the SMA connector. 
 
Table 3: Optimized antenna parameters 
Parameter Value 

(mm) 
Parameter Value 

(mm) 
LT 30 d3 0.65 
LG 23 d4 0.35 
WT 3.3 d5 0.4 
R16 27.6 d6 0.4 
d1 0.47 d7 0.44 
d2 0.3 d8 0.5 

 

 
 
Fig. 9. Photograph of the realized Fractal antenna. 
 

 
 (a) 

 
 (b) 
 
Fig. 10. Measured: (a) return loss, and (b) VSWR. 
 

The measured phase variation of the input 
impedance of the proposed antenna is shown in Fig. 
11. The phase variation across the entire operating 
band is reasonably linear, except at around 2.2 GHz. 
This linear variation in the phase with frequency 
ensures that all the frequency components of signal 
have the same delay, leading to same pulse 
distortion. 
 

 
 
Fig. 11. Measured phase of the proposed antenna. 
 

Figure 12 shows the peak gain and efficiency of 
the proposed antenna in the frequency range of 1-4 
GHz. It can be observed from the figure that the 
antenna has a good average gain of 4.65 dBi. The 
maximum peak gain is 6.8 dBi at 1.34 GHz. The plot 
of radiation efficiency shows that the maximum 
radiation efficiency of the proposed antenna is 84% 
at 1.34 GHz and the average efficiency is 75% 
across the entire operating band. 
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Fig. 12. Peak gain and radiation efficiency. 

Fig. 13. Measured radiation patterns at different 
frequencies (black line: co-polarized field, orange 
line: cross-polarized field). 

The measured radiation patterns of the proposed 
antenna at 1.5 GHz, 2.75 GHz and 3.44 GHz are 
depicted in Fig. 13. It can be observed from the 

figure that at low frequency of 1.5 GHz both the E-
plane and H-plane patterns are omnidirectional and 
H-plane pattern is characterized with low cross-
polarization level. At higher frequencies of 2.75 
GHz and 3.44 GHz, the E-plane patterns become 
donut shape and main beam slightly tilt away from 
the broad side direction due to higher order 
harmonic, while H-plane patterns almost retains its 
omni-directionality. 

VI. CONCLUSION 
A novel wideband hexagonal-circular antenna 

has been proposed and prototyped for wideband 
applications. The composition of epoxy resin and 
fiber glass material has been used for fabrication due 
to their low manufacturing cost and market 
availability. A design evolution and a parametric 
study of the proposed antenna are presented to 
provide information for designing, optimizing and 
to understand the fundamental radiation 
mechanism. The design of the proposed antenna is 
simple, easy to fabricate, and very suitable to 
integrate into microwave circuitry due to its planar 
profile. Experimental results show that the proposed 
antenna achieved an impedance bandwidth of 
2.1GHz.The nearly stable omnidirectional radiation 
patterns with a flat gain make the proposed antenna 
suitable for DCS-1800, PCS-1900, IMT-
2000/UMTS, ISM, Wi-Fi and Bluetooth 
applications. 
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