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I. INTRODUCTION 
 
Microstrip antenna is widely used for its low profile, 
simple structure, low cost and omnidirectional 
radiation patterns. But the drawbacks of this kind of 
antenna also sometimes confine their applications, 
especially the narrow bandwidth and low gain. So, 
there have been inventions of new technologies to 
overcome these shortcomings. One such technique 
that can be used to overcome these limitations is 
Defected Ground Structure (DGS). Recently there has 
been an increasing in the use of DGSs for performance 
enhancement of microstrip antennas. These structures 
are realized by etching off a simple shape defect from 
the ground plane of microstrip patch antenna. 
 
In this paper, a microstrip antenna with the single as 
well as double dumbbell defected ground structure 
(DGS) implemented in the ground plane is proposed. 
The bandwidth of the original antenna  is significantly 
broadened due to implementation of  defected ground 
structure. At the same time, there is size reduction in 
the antenna. 
 
II. ANTENNA DESIGN 
 
Rectangular  microstrip  patch antenna  (RMSA)  is the 
simplest configuration of the microstrip patch The  
resonant frequency selected for the RMSA is 5.4 GHz. 
Substrate used is FR4 glass epoxy and its dielectric 
constant is 4.3 and loss tangent 0.02.Height of the 
antenna selected is 1.59mm.  
 
Using the design specifications mentioned above 
along with the equations obtained from transmission 
line model of analysis, the length and width of the 
patch antenna are calculated and found to be 12.86 mm 
and 17.06mm respectively. Length and width of 
ground plane is 22.4mm and 26.6 mm. The optimum 
feed point selected for the co-axial probe feed is 
(-4,0).The  software used to perform all simulations is 
Zealand Inc’s IE3D Version 12.0.  

As per the simulation results, return loss obtained is 
-13.29 dB at 5.374 GHz. VSWR obtained is 1.55 
which is in acceptable range(≤ 2).The bandwidth 
obtained from S11 graph is 195.6MHz.Truncation is 
done at the corners of the RMSA.to obtain circular 
polarization.The truncated RMSA (T-RMSA)designed 
for the optimum feed point  also resonates at the same 
frequency 5.374GHz as that of original RMSA. The 
return loss has improved from -13.29 dB to -17.38 dB 
and VSWR from 1.55 to 1.31. 
 
III. IMPLEMENTATION OF SINGLE DGS 
 
A defected ground structure is an intentionally 
designed defect on a ground plane, which creates 
additional effective inductance and capacitance. The 
etched defect disturbs the shielded current distribution 
which will influence the input impedance and the 
current flow of the antenna. Microstrip antenna with 
DGS will provide higher operating bandwidth and 
improved higher operating bandwidth overcoming the 
limitation of conventional patch antenna. 
 
The structure shown below is the most commonly used 
dumbbell shaped DGS. Due to its resonant behavior it 
may be compared to the parallel resonator, LC circuit. 
The equivalent circuit of the DGS consists of an 
inductance (L) and a capacitance(C) in parallel. 
 

 
Fig 1. DGS unit: (a) Dumbbell DGS unit (b) L-C equivalent of 

DGS 
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The dimensions of the DGS are appropriately chosen 
as: a=3mm,b=3mm,g=1mm,w=2mm.When this DGS 
is implemented in the ground plane of the T-RMSA, it 
is noticed that there is a shift in center frequency . So, 
to get the best possible result at center frequency, the 
antenna has been optimized by reducing the 
dimensions of the patch and the ground plane. Much 
improved results are obtained after optimization. 
 
The bandwidth obtained is 523.3MHz.. The 
bandwidth of the original RMSA has improved 
significantly from 195.6 MHz to 523.3 MHz with 
implementation of single DGS. 
 
IV. IMPLEMENTATION OF TWO DGS 
 
Two dumbbell DGS placed in cascade manner was 
designed and the dimension of the patch antenna was 
optimized accordingly so as to make it resonate near to 
the center frequency,5.4GHz.The dimensions of DGS 
selected is same as that of single DGS i.e.,a = 3mm,b = 
3mm,g = 1mm,w = 2 mm, spacing between two DGS 
is d= 0.5 mm. 
 

 
(a) 

 
(b) 

Fig 2: Structure of two dumbbell DGS etched in the ground 
plane designed using IE3D  (a)Top plane (b)Bottom plane. 

 
As observed from the simulated return loss plot (fig 3), 
the antenna resonates at 5.344 GHz with a return loss 
of -19.40 dB. This is very near to the operating 

frequency. Also, the return loss is improved as 
compared to single dumbbell DGS antenna. But, there 
is an undesirable peak at 5.08 GHz which may give 
rise to side lobe radiations. Our aim is to reduce this 
unwanted peak so that the bandwidth obtained is over 
the entire range below -10dB.The undesirable peak at 
5.08GHz corresponding to a return loss of -9.89dB is 
tried to be reduced by either increasing or decreasing 
the spacing between two dumbbell DGS, increasing or 
decreasing the thickness gap (g) of the both the 
DGS.By varying any one parameter out of the  above 
mentioned, keeping others fixed, different dimensions 
of DGS have been analyzed.  
 

 
Fig 3 : Return loss plot of two dumbbell DGS 

 
Optimization of two dumbbell DGS  
The final stucture is obtained by iteratively changing 
the thickness gap.The final structure selected is 
obtained by reducing the thickness gap from 1mm to 
0.5 mm i.e, g = 0.5mm.Remaining dimension of the 
DGS and the patch antenna  remains the same. 
 

 
(a) 
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(b) 

Fig 4. Structure of optimized two dumbbell DGS etched in the 
ground plane designed using IE3D. 

(a)Top plane (b)Bottom plane. 
 
This antenna resonates at 5.337GHz with a return loss 
of  -23.74 dB as shown in figure 5. 

 

. 
Fig 5.Return loss plot of optimized two dumbbell DGS 

 

 
Fig 6. VSWR plot of optimized two dumbbell DGS 

The VSWR obtained is 1.14 which has improved to a 
very extent as compared to single dumbbell DGS. The 
bandwidth obtained is 786.9 MHz which is also 
enhanced. (figure 8).Comparison between the 
conventional RMSA and proposed antenna is 
summarized in the form of a table as shown in Table I. 
 

 
Fig 8:  S11 plot of optimized double dumbbell DGS 

 
Table I : Comparison of performance parameters of 

original and proposed antenna 
Performan
ce 
Parameters 

RMS
A 

Truncate
d RMSA 
(TRMS
A) 

T-RMS
A with 
single 
dumbbe
ll DGS 

T-RMS
A with  
two 
dumbbe
ll DGS 

Center  
frequency 
(GHz) 

5.374 5.374 5.337 5.337 

Return 
Loss (dB) 

-13.3 -17.38 -12.4 -23.648 

VSWR 1.55 1.31 1.63 1.14 
Bandwidth 
(MHz) 

195.6 265.78 523.3   783.91 

 
CONCLUSION 
 
From the simulation results, it is concluded that the  
drawback of RMSA having narrow bandwidth can be 
overcomed by using defected ground structure 
technique. A truncated RMSA to operate at 5.4GHz 
for wireless local area networks applications in 
wireless communication systems has been 
designed.The bandwidth obtained has significantly 
broadened from 192.5MHz to 523MHz by 
implementating single dumbbell DGS. Further 
improvement in the bandwidth to 783.91 MHz is 
obtained by implementing two dumbbell DGS. In 
addition, the size of the RMSA is reduced. There is 
reduction in the dimensions of patch by 36.18% and 
ground plane by 19.44%.  
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