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Abstract - A Novel circular monopole antenna with defected ground structure is proposed to notch 2.6-3 GHz band of mobile 
broadband services. A symmetrical half circle shaped strip is incorporated in the circular patch element and a triangular slot is 
placed in the defected ground structure of the proposed model. Half circle shaped antenna with notch band characteristics is 
designed, simulated in ANSYS HFSS 3D EM full-wave simulation software and characterized in terms of the return loss, VSWR, 
impedance bandwidth, far-field radiation patterns and gain. The design models are optimized and prototyped on FR4 substrate for 
measurement validation. 
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I. INTRODUCTION  

 
Nowadays the reduced size antennas with broad band 

characteristics are becoming very important to design 
compact hand held devices. The applications such as 
WLAN, WiMAX, GPS such communication modules 
require the compact modules [1-2]. Modern antennas are 
coming up with new techniques such as novel feeding 
schemes, defected ground structures etc. The Defected 
ground structures are evolved from Electromagnetic Band 
Gap (EBG) structures DGS usually exhibits band notch 
property mostly used in MMICs and antennas [3-5].  

A Microstrip line placed on DGS shows stop band(s) in 
its transmission characteristics. Both qualitative and 
quantitative analyses are essential to understand the working 
principle of DGS [6]. A defect indeed changes the current 
distribution in ground plane of microstrip line, giving rise to 
an equivalent inductance and capacitance. Thus a DGS 
behaves like L-C resonator circuit coupled to the micro strip 
line. When an RF signal is transmitted through a DGS 
integrated Microstrip line, strong coupling occurs between 
the line and DGS. 

Obviously, it happens if the transmitted signal covers the 
resonant frequency of the DGS, and the most of the signal is 
stored in the equivalent parallel LC resonator [7]. This 
indirectly indicates the band-stop feature of a defect in a 
ground plane. The LC parameters are determined by the 
shape and size of the defect geometry. 

Several designs and methods were so far reported in 
literature and some of them are mentioned as following. A 
design of a microstrip patch antenna in [8] using a defected 
ground structure (DGS) is proposed to provide the 
capability to suppress higher order harmonics and renders 
the band notch characteristics. A simple DGS architecture 

for mitigating the cross-polarized (XP) radiation of a patch 
antenna is presented in [9-10]. Spurious radiations 
minimization was obtained in [11-12] using the Koch-
shaped DGS. The creation of additional resonances in 
operating band and bandwidth enhancement has seen in [13-
14] with the dual-inverted L-strips and the employed DGS 
in the monopole antenna. A compact meander shaped DGS 
applied in [15] in order to reduce the mutual coupling 
between elements of microstrip antenna array with 0.5 λ0 
elements spacing. A defected ground structure which is 
formed by cutting a combination of U and L-shaped slots is 
used in [16] to impart the compactness to the antenna. A 
spiral shape defected ground structure (DGS) utilized in 
[17] to realize the circular polarization at lower band. Some 
other DGS procedures are mentioned in [18-20]. 

In this paper, a circular monopole antenna with compact 
size is proposed for notch band 2.5-3 GHz. The design 
iterations are demonstrated with the DGS procedures and 
geometrical aspects. The simulation studies and respective 
results and measured results with prototyped model are 
discussed in subsequent sections. 

 
II. ANTENNA GEOMETRY 

 
The proposed antenna is designed on a FR4 substrate 

with dimensions 25mm x 38mm and thickness of 1.59mm. 
The substrate is having dielectric constant 4.4 and loss 
tangent of 0.02. The annular ring shaped structure is used as 
the radiating patch for the antenna. The ground plane of the 
patch antenna is primarily defected by means of etching the 
ground plane partially with a length of 7mm which is shown 
in Fig 1(a). The outer radius of annular ring is 12mm and its 
inner radius is 9mm providing the strip width of 3mm. In the 
second variation, a semi-annular conducting strip is attached 
to the annular patch by connecting a strip of length of 2.5mm 
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to the main patch. In the third iteration, the geometry of the 
antenna is modified with the creation of the DGS in the form 
of triangular slot in the ground plane and an elliptical portion 
of conducting structure is added to the partial ground plane 
which can be shown in Fig 1(c). In all iterations, the annular 
patch element is fed with microstrip line feed with width 
2.4mm and feed length 12.06mm to provide matching with 
50ohms characteristic impedance. The triangular notch and 
the elliptical extended ground is provided in the Model 3 is 
for expecting the notch band characteristics in the 2.5-3 GHz 
band. 

     
Figure 1. Circular Slot antenna with DGS, (a) Circular Slot Antenna,  

(b) Circular Slot with Half Ring, (c) Circular Slot with Half Ring and DGS 
 
The outer radius of the circular patch element is 

determined by considering the height of the substrate, center 
frequency and effective dielectric constant of the material. 

 
The width of the rectangular patch is computed using 
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Further, the antenna element is excited by an electrical 
signal fed to the patch through a 50 Ω characteristic 
impedance microstrip transmission line using the following 
expression 
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‘ ’ is effective dielectric constant of the material, ‘R’ 
is the radius of the patch and ‘h’ is the height of the 
substrate. 

III. RESULTS AND ANALYSIS 

 
The design and simulation of the proposed antenna 

geometry is performed in 3D EM ANSYS HFSS software 
and the results analysis is carried out on typical antenna 
parameters such as return loss, VSWR, current distributions 
on the radiating elements, radiation patterns, 3D far-field 
characteristics. 
 

 
Figure 2. Return loss Vs Frequency characteristics of proposed antenna 

iterations 
 

The return loss characteristics shown in Fig 2 presents 
the reflection loss characteristics across frequency for all the 
three design iterations. It is found that the model 1 operates 
in the band 2.02 GHz to 5.08 GHz producing the resonances 
at 2.6 GHz and 4.6 GHz frequencies. The model 2 shows 
the operating characteristics from 1.998 GHz to 5.1792 GHz 
which has the extended operating band characteristics with 
resonances at 2.4 GHz and 3 GHz respectively. A notch 
band is created due to the employed DGS structure as 
shown in the Fig 1(c) in the region of 2.627 GHz to 3.049 
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GHz and the operating band characteristics at 2.25 GHz to 
2.62 GHz and 3.049 GHz to 6.079 GHz. 

Similarly, the VSWR characteristics are presented in Fig 
3. The minimum VSWR found as 1.19 at 2.6 GHz and 1.22 
at 4.7 GHz respectively for the model 1. In model 2, the 
minimum VSWR is found 1.32 for 2.4 GHz and 1.13 at 3 
GHz whereas the model 3 produces the minimum VSWR 
values at the resonant frequencies at 1.669 and 1.61 at 2.5 
GHz and 3.5 GHz respectively, while the notch band 
contains a maximum VSWR of 2.716 at 2.8 GHz notch 
center frequency.  

 
Figure 3. VSWR Vs Frequency characteristics of proposed antenna 

iterations 
 

 
(a) at 2.6 GHz    (b) at 4.6 GHz 

Figure 4. Simulated surface current distributions on the Antenna Model 1 

 

  
(a) at 2.4 GHz    (b) at 3 GHz 

Figure 5. Simulated surface current distributions on the Antenna Model 2 

 

  
(a) at 2.5 GHz    (b) at 2.8 GHz 

 

  
(c) at 3.5 GHz                  (d) 5.7 GHz 

Figure 6. Simulated surface current distributions on the Antenna Model 3 
 

The simulated surface current distributions on 
conducting elements in the Antenna model 1, model 2 and 
model 3 are shown in Fig 4, Fig 5 and Fig 6 respectively. 
The current element distributions are generated and 
analyzed at the resonant frequencies in the respective 
operating bands. The equivalent electrical length on the 
radiating element can be seen in the current distribution 
plots. At notch band occurred at 2.8 GHz center notch 
frequency the current distribution is found to be denser at 
the triangular notch DGS as well as on the connecting feed 
of the annular patch and semi annular strip which can be 
observed in Fig 6(b). 
 

 
(a) 
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    (b)    

 
(c) 

Figure 7. E-plane and H-plane radiation patterns of various models (a) 
Antenna Model 1 at 2.6 GHz (b) Antenna Model 2 at 3 GHz and (c) 

Antenna Model 3 at 2.8 GHz at notch center frequency 

 
The radiation patterns of the three antenna iterations are 

presented in Fig 7. The patterns are obtained at the two 
principle planes phi=0 and phi=90 respectively. The patterns 
are following the Omni-directional nature in all the resonant 
frequencies and the decreased gain is seen at the notch 
frequency of the antenna model 3. 
 

 
(a) At 2.5 GHz 

 

 
 (b) at 2.8 GHz 

 

 
(c) at 5.8 GHz 

 
Figure 8. 3-dimensional far-field radiation patterns of the proposed antenna 

at resonant and notch frequencies 
 

For each mode, there are two orthogonal planes in the 
far field region. One designated as E-plane and the other 
designated as H-plane. The far zone electric field lies in the 
E-plane and the far zone magnetic field lies in the H-plane. 
The patterns in these planes are referred to as the E and H 
plane patterns respectively. 

For the TM01 mode, the contributions to the far fields are 
from the magnetic surface current densities on the side walls 
containing the radiating edges. The directions of the 
magnetic currents that the E-plane is the y-z plane (Φ=90º) 
and the H-plane is the x-z plane (Φ=0º). For the TM10 mode, 
the E-plane is the x-z plane (Φ=0º) and the H-plane is the y-
z plane (Φ=90º).  
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The three dimensional far-field radiation patterns are 

plotted in Fig 8 shows the Omni directional nature in the 
elevation plane at all of the resonant frequencies.  
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(a) Top View 

 
(b) Bottom View 

 
Figure 9. Fabricated Antenna Model on FR4 

 

The proposed antenna is prototyped on FR4 substrate 
and its reflection coefficient is measured with Aniritsu 
vector network analyzer for validation of antenna in real 
time applications. Fig 9 shows the fabricated antenna with 
Nvis 71 PCB prototype machine and Fig 10 shows the S11 
measurement of antenna on VNA. 

 

 
Figure 10. Measured Return loss on Vector Network Analyzer 

 
The measured reflection coefficient is in good agreement 

with the HFSS simulation result. The notch in the desired 
bands can be observed from the measured results and which 

shows the validation of the current design in the 
communication applications. 
   

IV. CONCLUSION 
 

In this paper a compact circular monopole antenna 
attached with a semi annular strip is presented for wideband 
characteristics. The ground plane of the antenna is employed 
with a DGS in triangular notch and this provides the band 
notch characteristics in the range of 2.5 GHz to 3 GHz. 
Proposed antenna exhibits the wide operating bandwidth 
from 2.62 GHz to 6.09 GHz and providing good isolation in 
the notch band.  
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