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ABSTRACT 
 

In this paper, inverted T shaped microstrip patch antenna is being proposed. 
Inverted T shaped microstrip patch antenna is being designed using FR4-
epoxy substrate. The proposed antenna is operating in triple band with return 
loss of -27.63 dB, -23.29 dB and -14.29 at the 9.4 GHz, 8.4 GHz & 5.1 GHz 
respectively. The gain of the proposed antenna is 6.63 dB, 6.024 dB & 4.42 
dB at 9.4 GHz, 8.4 GHz & 5.1GHz respectively. The return loss & gain of the 
proposed antenna show that it has promising characteristics for various X band 
(8-12 GHz) applications. The design is being simulated using HFSS (High 
Frequency Structure Simulator) software.  
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1. INTRODUCTION 
In recent years, the evolution and optimization of antenna design has got much 
attention for investigation. Due to many reasons, mainly due to the large onboard 
application requirements of antenna in communication system, its size and weight are 
of prime concern. The primary goal of antenna designers is to design an antenna 
which is compact in size, light weight, with minimum cost and ease of fabrication. 
The proposed antenna operates in X band frequency range. The X band ranges from 8 
GHz -12 GHz as defined by an IEEE standard for radio waves. The most common 
application of antenna operating in X band is radar communication [1]. Radar and 
satellite communication uses X band based antennas for short range tracking, missile 
guidance, marine, and airborne intercept. 
 In this paper, the inverted T shaped microstrip patch antenna [2-3] is proposed for 
X band application [4-9]. The inverted T shaped antenna is formed by combining two 
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inverted T shaped structures. The proposed antenna is operating in triple band 
configuration. The proposed antenna is providing a return loss of -27.6363 dB & gain 
of 6.63 dB at 9.4GHz. At operating frequency of 8.4 GHz the obtained return loss is -
23.2989 dB while the obtained gain is around 6 dB. The gain of 4.42 dB & return loss 
of -14.29 dB is observed at 5.1 GHz. The operating characteristics of antenna shows 
that it can be used for various X band applications. 
 
 
2. ANTENNA GEOMETRY 
The geometry of the proposed inverted T shaped antenna is shown in figure 1. The 
two inverted T shaped structures are united to constitute the structure of the patch. 
The dimensions of the middle rectangle R3 is 4.8mm X 24mm. The rectangles R1 & 
R2 has the dimensions of 10mm X 5mm. The substrate used is FR4_epoxy having 
dielectric constant value 4.4. The thickness of the substrate is 1.5mm. The proposed 
antenna is fed using microstrip line feed having the dimensions of 7.2mm X 4.8mm. 
The slotted ground is used for the proposed antenna. The ground is having the 
dimensions of 42mm X 58 mm. The provided slot has the dimensions of 32mm X 
48mm.  

 

 
 

FIGURE 1 
 
 
3.  RESULTS & DISCUSSION 
The simulation of the design is being done using HFSS software. Results of the 
simulation concerning the return loss of antenna are shown in figure 2. It is observed 
that impedance is matched properly in three bands as the return loss obtained is below 
from the limit of -10 dB. The proposed antenna is working in triple band. The first 
operating band is from 5.0417 GHz to 5.2262 GHz. In this band the obtained return 
loss is -14.29 dB at 5.1 GHz. The obtained gain at 5.1 GHz is 4.42 dB. This is shown 
by the figure 3. The second operating band is from 8.0625 GHz to 8.629 GHz. The 
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return loss obtained here is -23.2989 dB with a gain of 6.024 db at 8.4 GHz. This is 
shown by the figure 4. The third band of operation is from 9.2321 GHz to 9.6071 
GHz. At 9.4 GHz the obtained return loss is -27.6363 dB. The gain of 6.6373 dB is 
observed in figure 5 at 9.4GHz. From the radiation pattern of the three bands it is 
clearly visible that antenna is working as the monopole. It is radiating in a specific 
direction. It can also be observed from the radiation pattern of three bands that no 
back lobes are present. The range of the obtained gain is from 4 dB to 6 dB 
approximately validates the 3 dB margin. Simulation results show that second & third 
operating bands lie in X band with sufficient gain so that it can be used in various X 
band applications. Figures below show the return loss & gain characteristics of the 
proposed antenna.  

 

 
 

FIGURE 2 SIMULATED RETURN LOSS 
 

 
 

FIGURE 3 RADIATION PATTERN at 5.1 GHz 
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FIGURE 4 RADIATION PATTERN at 8.4 GHz 
 

 
 

FIGURE 5 RADIATION PATTERN at 9.4 GHz 
 
 
4. CONCLUSION 
In this paper an inverted T shaped antenna is being proposed. The proposed antenna is 
working in triple band configuration. The operating bands are covering the frequency 
from 5 GHz to 10 GHz. The return loss of the simulated result shows that there is 
proper impedance matching as return loss is quite below from the set limit of -10 dB. 
The gain obtained also ranges from 4dB to 6 dB approximately showing the good 
radiating characteristics of the antenna. Out of three bands, two bands lie in the X 
band i.e. 8 GHz to 12 GHz. The simulation results of return loss and gain show that 
this antenna can be used for various civil, military & government institutions 
applications of X band. 
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