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Abstract:  Dielectric superstrates influence on main characteristics of circular microstrip patch antenna. The 

main characteristics of microstrip antennas are resonance frequency, input impedance, bandwidth, 

beamwidth, gain, VSWR is investigated. The comparative analysis of the microstrip antennas characteristics 

with superstrate and without it is carried out.  

 

Index Terms – Dielectric superstrate, resonant frequency, microstrip antenna. 

I. INTRODUCTION 

The microstrip antenna is most useful antenna in aircraft, spacecraft, satellite and mobile communications 

applications because of it is low profile, light weight, low volume antenna and useful in planar and non 

planar geometry [1-5]. The basic structure of microstrip antenna is consists a radiating patch is one side, 

ground plane is other side and substrate. The radiating patch is normally copper or gold can available with 

different shapes such as triangular, rectangular, square, elliptical, U slot and E slot in symmetrical and 

unsymmetrical models [6-9]. The most common types are rectangular, circular, square patch antennas are 

used in various communications applications [10-14]. In this paper the effect of superstrate influence on 

circular microstrip patch antenna (CMPA) parameters are investigated with and without dielectric 

superstrates and compared their performance.  

II. SPECIFICATIONS 

The specifications of substrate materials has play very important role in the patch antenna design [15-16]. 

The selection of substrates and superstrates materials has chosen as appropriate thickness and low loss 

tangents. The thicker substrate is mechanically strong with improved bandwidth and gain of antenna. 

However it also increases the weight and surface wave losses [17-18]. The weight and surface wave losses 

are major limitations in MSA. The low  dielectric constant of the substrates are play vital role in the design 

of the antennas which has increases the fringing fields and radiated powers [19-22]. Keeping all these 

aspects the Arlon diclad 880 has chosen as the substrate having the permittivity of ∈𝑟1 =2.2 and having the 

thickness and loss tangent of that substrate is 1.6mm and  0.0009 respectively.. The superstrate materials are 

used in antenna designs are Arlon AD880, Arlon AD320, FR4 and Arlon AD1000. The thickness of the 

superstrates materials are 1.6mm, 3.2mm, 1.6mm, 0.8mm respectively.  

III. PATCH ANTENNA DESIGN 

The circular patch antenna is designed at the resonant frequency of 2.40GHz using Arlon diclad 880 substrate 

. The specifications of the antenna are shown in Table 1. The  prototype of the patch fabricated on Arlon 

diclad 880 substrate. The cavity model analysis is used for calculating the actual radius and effective radius 

of the antenna. The designed geometry of the circular patch antenna without superstrate (single antenna) has 

shown in Fig 1.   
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Fig1. Circular patch antenna 

 

 

The HFSS electromagnetic simulating the software is used for simulate the antenna. In the Fig1, Ls represent 

the substrate length, Ws is represent the substrate width, Fx is represent the the location of the feed point 

where the antenna match with free space impedance and a is the actual radius of the circular patch antenna. 

The design the dimensions of the antenna have shown in Table 1. From the Table, Ls =100 mm, Ws 

=100mm, Diameter (D) =47.5mm and the Feed point (F) = (5.5mm, 0mm).                                       

                                                       

III. RESULTS AND DISCUSSION 

The measurements have been carried out for typical cases. The results are discussed below 

i. Superstrate with   ∈𝒓𝟐= 𝟐. 𝟐 and 𝒉𝟐 =1.6 mm. 

The performance analysis of with and without superstrate having the dielectric constant   ∈𝑟2= 2.2, ℎ2 =1.6 

mm on the characteristics of the circular patch antenna have been investigated experimentally.  The result of 

VSWR and input impedance and radiation patterns are shown in Figs 2 to 5. The comparison of with and 

without superstrate  analysis  of resonant frequency, bandwidth, gain, beam-width, input impedance, 

radiation patterns in VP and HP and also the return loss which is shown in Table1. From the Figs 2 to 5 and 

Table 1, it can observed that the  resonant frequency is decreased to 2.37GHz from  2.40GHz, the bandwidth 

is decreased to 0.030GHz from 0.040GHz and also gain is decreased to 4.80db from 6.70dB for the 

superstrate dielectric constant    ∈𝑟2= 2.2  and for  other superstrates dielectric constants     ∈𝑟2= 3.2, 4.8 

and 10.2 as shown in Table1. 

 

 
Fig.2 VSWR for circular microstrip patch antenna for  ∈𝑟1= 2.2 without dielectric superstrate at frequency 

of 2.4 GHz. 
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Fig.3 Input impedance for circular microstrip patch antenna for  ∈𝑟1= 2.2 without dielectric superstrate at 

frequency of 2.4 GHz. 

 

 
 

Fig.4 Input impedance for circular microstrip patch antenna for  ∈𝑟2= 2.2 with dielectric superstrate at 

frequency of 2.4 GHz. 

 

 

 
Fig. 5 Far field radiation patterns for circular microstrip patch antenna for  ∈𝑟2= 2.2 without and with 

dielectric superstrate  in Vertical Plane at 2.40GHz 
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Fig 5: Far field radiation pattern circular microstrip patch antenna with and without dielectric superstrates 

for dielectric constant for ∈𝑟2= 2.2 in horizontal polarization at 2.4GHz 

Table 1: Comparison of experimental results of antenna characteristics  

∈𝒓𝟐 

 
𝒇𝒓 

(GHz

) 

 

Gain(dB

) 

 

BW(GHz

) 

 

HPBW(HP),D

eg 

 

HPBW(VP),D

eg 

Input 

Impedance      

(Ω) 

 

Return

-

loss(dB

) 

VSW

R 

2.2* 2.40 6.70 0.030 98.77 90.01 35.75+j23.95

5 
-15.55 2.03 

2.2 2.37 4.80 0.030 90.13 79.39 56.11+j15.24

0 
-16.29 2.02 

3.2 2.32 4.50 0.022 90.13 79.39 54.98+j25.65

3 
-12.29 1.97 

4.8 2.34 1.44 0.027 90.13 70.39 52.19+j20.99

7 
-13.83 2.05 

10.
2 

2.34 1.50 0.025 90.13 79.39 35.75+j23.95

5 
-10.09 2.01 

* Without dielectric superstrate 

IV. CONCLUSION  

The effect of dielectric superstrates influence on the characteristics of circular patch antennas, the 

characteristics such as resonance frequency, bandwidth, beam width, gain, radiation patterns, input 

impedance, return loss and VSWR is investigated with and without dielectric superstrates. The comparative 

analysis of the microstrip antenna with dielectric superstrates and without it is carried out experimentally.  

From the Table 1, it can observed that the resonant frequency is shifted to lower side (ie is decreased) when 

the dielectric superstrates touching to the patch antenna. All the characteristics slightly effect their 

performance when patch covered with dielectric superstrates. At high dielectric constant the gain and 

bandwidth is decreased. The obtained results indicate that the VSWR and return loss increases, BW 

decreases for different dielectric constant of the superstrates.  From the observation the low dielectric 

constant materials has provide better impedance matching. 
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