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Abstract 
A CPW – Fed octagonal ring shaped antenna for wideband 
operation is presented. The radiating patch of proposed 
octagonal ring antenna consists of symmetrical slot in place 
of conventional annular ring microstrip antenna. The 
ground plane consists of two rectangular slots. The radiator 
and the ground plane are on same plane that utilizes the 
space available around the radiator. The proposed antenna is 
simulated through Ansoft’s High Frequency Structure 
Simulator (HFSS). Measured result shows balanced 
agreement with the simulated results. The prototype is taken 
with dimensions 47 mm × 47 mm × 1.6 mm that achieves 
good return loss, constant group delay and good radiation 
patterns over the entire operating bandwidth of 2.0 to 9.5 
GHz (7.5 GHz). The proposed antenna achieves high 
impedance bandwidth of 130%. Thus, the proposed antenna 
is applicable for S and C band applications. 

1. Introduction 
In today’s wireless communication systems, there is a great 
demand of high data transmission rate [1]. Due to light 
weight, low cost and good performance wideband microstrip 
antennas play a major role for fulfilling these demands [2]. 
As a major component, the antennas with wideband 
properties are extensively investigated by the researchers. 
Designing of an efficient small size antenna for wideband 
applications is a challenging task. Wireless devices require 
an antenna with large impedance bandwidth and excellent 
radiation patterns over the entire band [3-5]. Printed 
microstrip patch antennas have been very useful because 
they can be easily integrated in complex circuits such as 
array of antennas, trident shape etc. [6, 7]. Several designs 
have been proposed by the researchers to achieve the wide 
bandwidth with suitable radiation characteristics such as 
octagonal antenna with modified ground plane [8, 9], 
microstrip square-ring slot antenna [10], compact 
rectangular patch antenna have been proposed for wideband 
applications [11], defected ground structure for 
WLAN/WiMAX [12], circular ring microstrip antenna [13], 
elliptical disc monopole antenna [14] and many other shapes 
and techniques are used for bandwidth enhancement [15-
18], while slot patch UWB CPW fed antenna [19] was 
designed for enhancing radiation performance at higher 
frequencies. For achieving UWB performance of antenna, 
researchers done a lot of work now days in this field [20-

21]. Metamaterial slot antenna is also an emerging 
technology for operating antennas at different frequencies 
[22]. Some researchers also work on triple band and 
multiband microstrip antennas [23]. This article presents a 
coplanar waveguide (CPW)-fed octagonal ring shape 
antenna for wireless applications. The antenna covers 
frequency band from 2.0 to 9.5 GHz, which is 
approximately 130% bandwidth. The performance of the 
proposed antenna is studied in terms of return loss, gain, 
delay and radiation patterns. Details of the antenna design 
and characteristics are discussed in next section. Section 
three covers the parametric study in detail while section four 
covers the experimental results and discussions. Section five 
concludes the discussions made earlier. 

2. Antenna Design 
Normally, the motivation of designing a wideband antenna 
is to design a small and simple antenna that has low 
distortion with large bandwidth. Figure 1 illustrates the 
proposed configurations of the antenna, which consists of an 
octagonal ring patch and a ground plane both on same side 
of the substrate. The overall size of the proposed antenna is 
47 mm × 47 mm × 1.6 mm. The proposed antenna is printed 
on one side of an FR-4 substrate of 1.6 mm thickness, with a 
relative permittivity of 4.4 and a loss tangent 0.024 as shown 
in Figure 2. The radiating patch of the proposed antenna 
consists of an octagonal ring with outer and inner radius of 
Rp1 and Rp2 and a microstrip feed line of width Wf and length 
Lp.  The ground plane is on the same plane as radiator with 
two rectangular slits each of which having dimension as Wg 
× Lg. The optimized values of all the parameters of the 
proposed octagonal ring microstrip antenna are mentioned in 
Table 1.  
Table 1: Design parameters of the proposed octagonal ring 

microstrip antenna. 
Parameters Units (mm) 

L 47 
W 47 
Rp1 14.4 
Rp2 5 
Lp 10.2 
Lg 10 
Wg 21.17 
Wf 4.0 
h 1.6 
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The above design skills are introduced to obtain wideband 
accomplished with good return loss, high impedance 
bandwidth and constant group delay over the entire 
operating band. Effect of changing the various parameters 
like variation of outer and inner radius, ground plane and 
the width of feed line on the performance of proposed 
antenna have been studied. Performance simulations of the 
proposed antenna were achieved by using electromagnetic 
solver, Ansoft’s High Frequency Structure Simulator 
(HFSS) [24]. 
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Figure 1: Schematic configuration of the proposed CPW- 
fed octagonal ring shape ultra wideband microstrip antenna. 

 
 

Figure 2: Photograph of the fabricated CPW- fed octagonal 
ring shape wideband antenna. 
 

3. Parametric Study 
A parametric study is done to understand the effects of 
various parameters and to optimize the performance of the 

proposed design. The effect of radius on the inner and outer 
rings (Rp1 and Rp2), microstrip feed line (Lp and Wf), ground 
plane (Lg and Wg) of the octagonal ring are considered for 
optimization. Figure 3 shows the variation of the outer 
radius Rp1 of the octagonal ring from 14.0 to 14.8 mm. The 
return loss remains less than 10 dB for the entire value of 
Rp1, but maximum bandwidth for the return loss is obtained 
for Rp1=14.4 mm. Hence Rp1 = 14.4 mm is considered as  
optimum value for the operating band of 2.0 to 9.5 GHz. 
Figure 4 shows the effect of variation of inner radius (Rp2) 
from 4.8 to 5.2 mm. At Rp2 = 4.8 mm it is found that the 
return loss does not provide adequate bandwidth. Further 
increase of Rp2 from 4.9 to 5.2 mm, shows that the 
bandwidth for return loss less than 10 dB remains almost 
constant. However, the maximum value of return loss is 
obtained at Rp2 = 5.0 mm. Therefore, it is decided to take the 
value of Rp2 = 5.0 mm as the optimum value for Rp2 for the 
entire operating bandwidth. 
 

 
Figure 3: Simulated return loss against frequency for the 
octagonal ring shape ultra wideband antenna with various 
Rp1: other parameters are the same as listed in Table 1. 
 

 
Figure 4: Simulated return loss against frequency for the 
octagonal ring shape ultra wideband antenna with various 
Rp2: other parameters are the same as listed in Table 1.  
 
The effect of variation in ground length (Lg) of the proposed 
antenna on the return loss is illustrated in Figure 5. At Lg = 
9.8 mm the higher band shifts towards lower band of 
frequency that decreases the desired bandwidth. At Lg= 9.9 
mm the return loss is less at resonant frequency 7.14 GHz 
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while at Lg= 10.0 mm the proposed antenna shows better 
return loss with desired bandwidth. After further increasing 
the value of Lg the return loss between 6 to 8 GHz is not 
below 10 dB and does not covers the entire operating 
bandwidth (2.0 to 9.5 GHz). Therefore, it is decided to take 
Lg= 10.0 mm as the optimum value of ground length for the 
entire operating band. 

Figure 6 illustrates the effect of the microstrip feed 
line width Wf on the return loss of the proposed antenna. It is 
observed that by changing the value of Wf from 3.8 to 4.2 
mm the impedance matching improves at 4 to 10 GHz and 
degrades at 2.8 GHz. Therefore, it is decided to take Wf = 
4.0 mm as the optimum value of feed width. 
 

 
Figure 5: Simulated return loss against frequency for the 
octagonal ring shape ultra wideband antenna with various 
Lg: other parameters are the same as listed in Table 1.  
 

 
Figure 6: Simulated return loss against frequency for the 
octagonal ring shape ultra wideband antenna with various 
Wf: other parameters are the same as listed in Table 1. 
 

 
(a) 2.85 GHz 

	

 
(b) 5.14 GHz 

 
(c) 7.61 GHz 

Figure 7: The surface current distribution of the proposed 
octagonal ring shape ultra wideband antenna at (a) 2.85GHz, 
(b) 5.14GHz, and (c) 7.61GHz. 
 

The simulated surface current distributions on 
resonant frequencies of 2.85GHz, 5.14GHz, and 7.61GHz 
are shown in Figure 7. When the microstrip patch antenna is 
provided with power, a charge distribution appears on the 
upper and lower part of the patch, as well as on the ground 
plane. Due to this charge distribution the current will flow at 
the top and bottom surface of the patch. From this closed 
analysis of the surface current distribution of the proposed 
antenna it is found out that at 2.85GHz, 5.14GHz, and 
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7.61GHz resonant frequency the proposed antenna resonates 
in TM11 mode, TM21 mode, TM12 mode, respectively. 
 

Figure 8 illustrates the effect of the gap between 
ground plane and feed line on the return loss of the proposed 
antenna. It is observed that by changing the value from 0.32 
mm to 0.34 mm the impedance matching improves. 
Therefore, it is decided to take the gap between them as 0.33 
mm. 
 

 
Figure 8: Simulated return loss against frequency for the 
octagonal ring shape ultra wideband antenna for the gap 
between ground plane and feed line: other parameters are the 
same as listed in Table 1. 

4. Experimental Results and Discussions 
The performances of the proposed antenna such as return 
loss, group delay and radiation pattern are measured using 
Agilent 8757E vector analyzer. The measured and simulated 
return loss curve of the CPW-fed octagonal ring wideband 
antenna is shown in Figure 9. There is a good agreement 
between simulated and measured results. The small 
difference between measured and simulated result is due to 
the effect of SMA connector soldering and fabrication 
tolerance. The designed antenna offers a impedance 
bandwidth of 130% (2.0 to 9.5 GHz) which meets the 
bandwidth requirements of S and C band.  
The proposed antenna produces good radiation patterns 
characteristics as shown in Figure 10(a)-10(c). The radiation 
patterns illustrated in H- and E- planes are at sampling 
frequencies of 2.85, 5.14 and 7.61 GHz respectively. The 
radiation patters at higher frequencies are distorted because 
the ground plane is a part of loop path, the surface current on 
the radiating plane changes the effective current distribution 
of the loop and results in distortion.  

 

 
Figure 9: Simulated and measured return loss against 
frequency for the octagonal ring shape wideband antenna.  

 

  
(a) 

  
(b) 

  
(c) 

Figure 10: Radiation patterns at various frequencies of 
octagonal ring shape wideband antenna (a) 2.85 GHz (b) 
5.14 GHz  and (c) 7.61 GHz. 
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These patterns are suited for application in almost all 
wireless communication equipment, as expected. It is also 
observed that simulated results show a good agreement with 
measured results. 
 
The antenna gain variation with frequency is shown in 
Figure 11 for the proposed antenna. Antenna gain varies 
from -1 to 3.5 dBi over the entire operating band. Simulated 
result of gain shows good agreement with the measured 
results. 

 
Figure 11: Simulated and measured gain against frequency 
for the octagonal ring shape wideband antenna. 
 

Table 2: Comparison between the proposed antenna and 
some other existing wideband antennas 

 
Table 2 shows a comparative study between the proposed 
antenna and some existing wideband antennas. The 
tabulated data clearly shows that the proposed antenna has 
highest frequency range and efficiency among other 
antennas having approximate similar dimensions.  The 

proposed antenna covers the total S band (2 to 4 GHz) and C 
band (4 to 8 GHz), so it is best suited for these bands. 
 
Figure 12 illustrates the group delay of the proposed 
antenna. Group delay is an important parameter in the 
designing of wideband antenna as it shows about the 
distortion of the transmitted pulses in the wireless 
communication. It is observed that the group delay for the 
proposed antenna is constant and less than 1 ns for entire 
operating bandwidth (2.0 to 9.5 GHz). For distortion less 
transmission, group delay should be less than 1 ns in the 
wideband antenna.  

 
Figure 12: Group delay for the proposed octagonal ring 
shape wideband antenna. 

5. Conclusions 
A CPW-Fed octagon ring shape wideband microstrip 
antenna is presented in this study. The proposed antenna 
shows wideband performance in the frequency band of 7.5(2 
to 9.5 GHz) for return loss less than 10 dB. The simulated 
and measured results of the proposed antenna show a 
balanced agreement in terms of return loss, antenna gain and 
radiation patterns. The radiation patterns are satisfactory 
over the entire operating bandwidth. Also, almost constant 
group delay is achieved. The proposed antenna gave 
impedance bandwidth of about 130%, this allows its use in 
various wireless applications.  
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