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Abstract: A method to enhance gain of a microstrip patch antenna is investigated. Here the main radiating square patch 

is surrounded by four side patches. The effect of side patches on the absolute gain of antenna is studied. In absence of 

side patches the highest absolute gain of the antenna is 5.3 dBi. Maximum absolute gain of 7.85 dBi is obtained in 

presence of all the side patches. Prototypes of the antenna are fabricated for experimental validation. The measured 

return loss, gain and radiation patterns are in good agreement with their simulated counterpart for all four antennas. The 

proposed antenna is simple, less costly and highly suitable for wireless communications.   
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I. INTRODUCTION 
 

Microstrip antennas are the most common form of printed 

antennas and are used in a broad range of applications 

owing to their simplicity, conformal structure and low 

manufacturing cost. However it has also some major 

shortcomings, such as narrow impedance bandwidth and 

low gain, which seriously limit their applications. Many 

broadband techniques for microstrip antennas have been 

reported [1], [2]. Several techniques have been previously 

demonstrated to enhance the gain of patch antenna, 

including the use of parasitic patch [3], [4], using 

superstrate layers [5], [6], cavity backed slot antenna [7] 

and double layer array antenna [8]. All of them compel to 

increase the antenna height at the same time presence of 

superstrates above an antenna may adversely affect the 

antenna’s basic characteristics such as radiation pattern, 

resistance and efficiency. Use of costly substrate like 

photonic band gap [9], [10] and electromagnetic crystal 

substrate [11] are also reported. Different kinds of design 

techniques like removal of substrate [12] and slotted 

ground plane [13] are also reported but most of them 

provide gain around 5-7 dBi. Unfortunately, a single layer 

microstrip-fed slot antenna naturally radiates bi-

directionally and has a low gain level. In this article we 

proposed a new design variety of single layer patch, which 

is simple and different from that reported in [1]–[13], but 

able to achieve higher gain. The geometry of the proposed 

microstrip antenna consists of a main square shaped 

radiating patch surrounded by four narrow side patches. 

The radiating elements are printed on an electrically thin 

and low cost glass PTFE substrate and fed by a co-axial 

probe. The effects of different side patches on absolute 

antenna gain are studied. We have analysed the proposed 

high gain microstrip antenna structure theoretically by soft 

Designer
® 

software which works on the Method of 

Moments. The simulated results obtained have been 

compared with the experimental measured data. It is 

interesting to note that the simulated theoretical and 

experimental results are in close agreement. This paper is 

organized as follows. Section II briefly describes the 

design scheme of the proposed antenna structure and 

associated parameters for parametric study purpose. 

 
 

 

Simulated as well as measured results are presented in 

Section III to understand the effects of different structures 

and to prove the design concepts. Finally, the concluding 

remarks are given in Section IV. 
 

II. ANTENNA GEOMETRY 
 

The geometry and dimensions of the proposed high gain 

antenna are shown in Fig. 1 where all the dimensions are 

in mm. Since the novelty of this reported article is the 

simplicity and low cost so it is fabricated on an 

inexpensive planer glass PTFE substrate having dielectric 

constant (εr) = 2.4, thickness (h) = 1.6 mm and loss tangent 

= 0.00022. A very small square shaped 20 mm x 20 mm 

radiating patch is printed on the upper side of the 

microwave glass PTFE substrate of dimensions 100 mm x 

100 mm. The square-shaped radiating patch is surrounded 

by four narrow side patches “a”, “a
/
”, “b” and “b

/
”. The 

side patches “a” and “a
/
” are with same dimensions 20 mm 

x 5 mm, similarly “b” and “b
/
” are with same dimensions 5 

mm x 34 mm.  All the side patches are separated from the 

main square radiating patch by 2 mm. The antenna is fed 

by co-axial probe at the upper corner of main radiating 

patch as shown in Fig. 1.  
 
 

   

Fig. 1 Illustration of the proposed gain enhanced antenna. 
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Fig. 2 Photographs of the fabricated prototype antennas. (a) Type 

“A”. (b) Type “B”. (c) Type “C”. (d) Proposed antenna. 

To study the effects of side patches four kinds of antenna 

structures have been studied using simulated results. All 

these four kinds of antenna structures have been fabricated 

and measured to verify the simulated results of different 

parameters. The antenna with all side patches provides the 

maximum gain and it is presented as the proposed antenna. 

Photographs of the four fabricated antennas are depicted in 

Fig. 2. A prototype of the proposed antenna i.e. in 

presence of all the side patches is fabricated and shown in 

Fig. 2(d). The return loss, gain and radiation pattern of the 

antennas are measured. In order to understand the effect of 

side patches we consider three kinds of antenna structures: 

“A”, “B” and “C” for the parametric study purpose. Type 

“A” stands for the main square radiating patch in absence 

of all the side patches [Fig. 2(a)]. Type “B” means main 

radiating patch along with the side patches “a” and “a
/
” 

only [Fig. 2(b)]. Antenna “C” is the main radiating patch 

along with the side patches “b” and “b
/
” only [Fig. 2(c)].  

 

III. RESULTS AND DISCUSSIONS  

 

Fig. 3 shows the plot of simulated and measured return 

loss for the different kinds of antenna structures. It shows 

that depending on the side patches resonant frequency and 

return loss is varying. Measured return loss validates its 

simulated counterparts for all four antennas. 

Fig. 4 shows the plot of simulated and measured gain for 

the different kinds of antenna structures. Antenna gain is 

varying from 5.49 dBi to 7.39 dBi (simulated) and 5.29 

dBi to 7.85 dBi (measured). Measured gain confirms its 

simulated counterparts. Antenna “A”, “B” and “C” are 

studied with the help of their simulated as well as 

measured results to understand the effects of side patches 

on absolute gain and performances of the antenna. The 

results of parametric study carried out are represented in 

Table I. 
 

TABLE I SIMULATED AND MEASURED RESULTS 
 

Antenna 

Resonant frequency 

(GHz) 

Gain 

(dBi) 

Simulated Measured Simulated Measured 

Type- 

“A” 
4.6 4.8 5.49 5.29 

Type- 

“B” 
4.8 4.8 6.01 6.61 

Type- 

“C” 
4.5 4.5 6.27 6.7 

Propose

d 

Antenna 

4.8 4.6 7.39 7.85 

 

Fig. 5 represents the measured return loss plot of all four 

antennas for comparative study purposes. The proposed 

antenna provides maximum bandwidth of around 350 

MHz (4.41-4.76 GHz). Measured impedance bandwidth of 

antenna “A”, “B” and “C” are 250 MHz (4.65-4.90 GHz), 

150 MHz (4.71-4.86 GHz) and 200 MHz (4.42-4.62 GHz) 

respectively. In all cases the impedance bandwidth is 

defined for return loss ≤ -10dB. 
 

(a) 

(b) 

(c) 

(d) 
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Fig. 3 Plots of simulated and measured return loss for different 

antenna structures. (a) Type “A”. (b) Type “B”. (c) Type “C”. (d) 

Proposed antenna. 

 

 

Fig. 4 Plots of simulated and measured gain for different antenna 

structures. (a) Type “A”. (b) Type “B”. (c) Type “C”. (d) 

Proposed antenna. 

 
 

(a) 

 

 
 

(b) 

 

 
 

(c) 
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Measured gains of all four antennas are presented in Fig. 6 

for comparative study purposes.  Antenna gains are 

varying from 5.29 dBi to 7.85 dBi. One more thing is that 

over a wide frequency band gain of the antenna are 

positive as well as high. Presence of all side patches 

provides the maximum gain of 7.85 dBi. The proposed 

antenna exhibits enhancement of gain by 48.39% in 

compare to the conventional square patch antenna “A”. 

Maximum measured gain for antenna “A”, “B” and “C” 

are 5.29 dBi, 6.61 dBi and 6.7 dBi respectively.  
 

 
 

Fig. 6 Measured gain plot of antenna “A”, “B”, “C” and the 

proposed antenna for comparative study purpose. 
 

Fig. 7 shows the measured radiation patterns including the 

co-polarization and cross polarization in two principal 

planes namely, the E-plane (y-z plane) and H-plane (x-z). 

It can be seen that the radiation patterns in both plane are 

nearly directional for the resonant frequency 4.6 GHz. 

More significantly the radiation patterns in both planes are 

with low cross-polarization values and there are no such 

back lobe portions. The proposed antenna provides a 

favourable radiation pattern along with the high gain. It 

can be noted that the little disagreement between measured 

and simulated results may be due to the fabrication 

 tolerances, loss of the connectors or the measurement 

process. 
 

 
 

Fig.7. Measured radiation patterns of the proposed antenna at 4.6 

GHz. (a) E- plane and (b) H- plane. 

 

IV. CONCLUSION 
 

A low cost coaxial probe fed patch antenna with enhanced 

gain is presented. The presence of side patches appears as 

critical parameters. Without any additional layers and 

costly substrate the proposed antenna successfully 

achieves higher gain. By using the side patches 

surrounding the main square patch, we can enhance the 

gain of conventional square patch antenna by more than 

48.39%. Also, these results suggest that planar antenna 

structure may offer new design opportunities for low-cost 

devices. 
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