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      Abstract— A triple-band T-shape microstrip patch antenna is 

reported in this paper. Using a T-shaped parasitic strip and 

electromagnetic couple feeding technique, the patch antenna 

generates three separate resonant modes to cover the L1 

frequency range of 1.575 GHz for global positioning system 

(GPS), S-band and C-band for wireless applications with 

satisfactory radiation properties. The impedance bandwidths 

(<-10 dB) of the proposed antenna are 250 MHz centered at 

1.6 GHz, 310 MHz centered at 3.4 GHz and 440 MHz 

centered at 4.6 GHz. The proposed structure is simulated on 

high frequency structure simulator (HFSS).  
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I.  INTRODUCTION  

Nowadays wireless transmission and reception techniques and 

the use of microstrip patch antennas in them are increasing in 

popularity due to their compact structure, miniaturized size, 

planar configuration and cost effectiveness. Patch antennas 

offer good compatibility with monolithic microwave circuit, in 

hand-held devices. The basic geometric structure of microstrip 

patch antenna consists of a conducting patch printed on top 

and bottom of a substrate with lower refractive index for better 

radiation behavior for desired frequency [1]. 

The main problem associated with patch antennas is their 

narrow bandwidth and low gain performance due to small 

resonating structure. Various efforts have been put for 

enhancement of the bandwidth of patch antennas [2-3]. One of 

the suitable techniques is the utilization of electromagnetic 

coupling between the conducting parasitic patch and feeding 

strip line. Alternatively, bandwidth enhancement is also 

possible by using a substrate of greater thickness which allows 

the field lines to propagate for large skin depth. But such a 

technique requires coaxial probe feeding, which limits the 

impedance bandwidth of an antenna (usually less than 10% of 

the resonant frequency). This limited bandwidth is due to the 

inductive behavior of longer feed [4]. Microstrip antennas of 

different planar shapes have been proposed by many 

researchers for different applications with a specific feeding 

mechanism [5-6]. One of the prominent mechanisms is to use 

the electromagnetic coupling parasitic slot [7]. A number of 

slot shapes have been modeled and analyzed by different 

workers like E-shaped [8], H-shaped [9], C-shaped [10-11] 

and U-shaped [12].  

 

In this proposed work, a new compact triple-band microstrip 

patch antenna is presented. The designed antenna consists of a 

T-shaped parasitic strip, a ground plane with gap between two 

rectangular part on same side of the patch and it is excited by 

an electromagnetically coupled 50Ω rectangular microstrip 

feed line placed on the back side of the conducting patch.  

Impedance matching is obtained for operating frequencies 

range for triple bands operation. Details of the proposed 

antenna structure are described, and results in terms of return 

loss and the radiation pattern are given and discussed in this 

paper. The results have been obtained by using HFSS 

simulation software. 

II. ANTENNA DESIGN  

 

 
 

Fig. 1.  Proposed T-Shape antenna structure. 
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Fig. 1 shows the structure of the proposed antenna. The 

rectangular ground plane with slot and a T-shaped parasitic 

strip are printed on the one side of the FR4 dielectric substrate 

of thickness 1.6 mm, having a relative permittivity of 4.4. On 

the other side of the substrate, a 50Ω microstrip feed line of 

thickness of 3 mm is printed. The parameters and their 

corresponding dimensions with labels have been shown in 

Table 1. 

 
TABLE I. Design specification of T-shape microstrip patch antenna. 

 

Substrate dielectric (FR4 

epoxy) constant (ɛr) 

4.4 

Substrate height (H) 1.6 mm 

Substrate length  L1 40 mm 

Substrate width W1 40 mm 

Ground length L2, L3 18.5 mm 

Ground width W2, W3 12 mm 

T shape patch length  L5 13 mm 

T shape patch width W5 30 mm 

T shape patch thickness t1,t2 2 mm, 5 mm 

Stirp line feed  position 

dimension (L4,W4) 

(30 mm,3 mm) 

III. RESULTS AND DISCUSSION 

The patch structure shown in Fig. 1 has been simulated and 
analyzed for proposed dimensions as present in Table I. The 
results in terms of return loss (dB), radiation pattern, axial 
ratio and  voltage standing wave ratio (VSWR) have been 
presented in Fig. 2, 3, 4, 5 respectively. The return losses of 
proposed patch antenna at 1.6 GHz,  3.4 GHz and 4.6 GHz 
have been observed to be  -12dB, -13.5dB ,-23 dB and value 
of VSWR are less than 2 for above mentioned resonating 
frequencies which make this antenna structure applicable for 
GPS satellite receiver antenna and S-band and C-band 
applications. The impedance bandwidth for first resonating 
frequency(1.6 GHz), second resonating  frequency(3.4 GHz) 
and third resonating frequency(4.6 GHz) are found to be 250 
MHz (1.45 GHz to 1.70 GHz), 310 MHz (3.26 GHz to 3.56 
GHz) and 440 MHz (4.88 GHz to 4.44 GHz) respectively. The 
axial ratio of three resonating frequencies are greater than 20 
dB which represent the linear polarization of designed patch 
antenna. 

   
Fig. 2. Return loss of proposed antenna structure. 

 

 
(a) 

 
 (b) 

 
(c) 

 
Fig.3. Field Radiation Pattern for proposed antenna structure at (a) 1.6 GHz        

(b) 3.4 GHz and (c) 4.6 GHz. 
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(a) 

 

Fig. 4. Axial ratio for proposed antenna structure. 

 
 

 
Fig. 5. VSWR for proposed antenna structure. 

IV. CONCLUSION  

A novel triple-band T-shape patch antenna 

electromagnetically excited by microstrip feed line has been 

reported in this paper. The antenna provides three different 

operating bands, which cover L1 frequency band for GPS, S-

band and C-band for wireless applications. A good radiation 

pattern over the operating bands has been obtained.  

. 
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