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Abstract: In practice, it was found that the choice of the substrate or superstrate material of printed antennas is 

of a great importance and plays a significant role in achieving the optimum resonant characteristics of the 

antenna; Uniaxial dielectrics have drawn more attention due to their availability in materials such as sapphire, 

boron nitride and Epsilam-10 ceramic-impregnated Tefon. Previous studies of anisotropic materials used in 

microwave devices indicate that the effects of anisotropy on the performance of such structures particularly in 

high frequencies cannot be ignored. Three very popular full wave methods that can be used to characterise 

microstrip patch antennas are: the finite element method, the finite difference time domain method, and the 

moment method. The last one also known as the full-wave method is arguably the most popular method for the 

analysis of microstrip antennas. In this work, resonant characteristics (the resonant frequency, the Half-power 

bandwidth) of an annular microstrip patch printed on uniaxially anisotropic substrate and covered with an 

anisotropic superstrate layer are studied using an electric field integral equation and the spectral domain Green’s 

function. In order to validate the present method, we have confronted our results with theoretical and 

experimental data from the literature and very Good agreements were obtained between our computed data and 

measurements, and the convergence of the method is proven. 

 

Keywords: Annular-ring patch, Anisotropic, Superstrate, Resonance frequency 

 

 

Introduction 

 

Because microstrip antennas are small, lightweight, and low-cost, they have found widespread applications in 

satellite and wireless mobile communication systems ( Garg, Bhartia, Bahl, & Ittipiboon, 1995) (James, P. S. 

Hall, Hall, & Wood, 1981) (Sung & Kim, 2005) (Balanis, 1997). 

 

In practice, it was found that the choice of the substrate or superstrate material is of a great importance and plays 

a significant role in achieving the optimum resonant characteristics of the antenna (Bhartia, Rao, & Tomar, 

1991). 

 

Uniaxial dielectrics have drawn more attention due to their availability in materials such as sapphire, boron 

nitride and Epsilam-10 ceramic-impregnated Teflon. Previous studies of anisotropic materials used in 

microwave devices indicate that the effects of anisotropy on the performance of such structures particularly in 

high frequencies cannot be ignored (Gurel & Yazgan, 2003). 

 

Several methods exist for the analysis of annular microstrip antennas. These methods can be classified as the 

approximate and the full-wave methods. Some of the popular approximate models include: the transmission-line 

model, the cavity model and the segmentation model. These models usually consider the microstrip patch as a 

transmission line or as a cavity resonator (Lee, Luc, & Dahele, 1988) (Biswas & Guha, 2009). 
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Although the accuracy of these approximate models is limited, they are nevertheless useful in providing the 

preliminary design and predicting the trends of these characteristics with the variation of the design parameters. 

Three very popular full wave methods that can be used to characterise microstrip patch antennas are: the finite 

element method, the finite difference time domain method, and the moment method (Kumar & Ray, 2003). The 

last one also known as the full-wave method is arguably the most popular method for the analysis of microstrip 

antennas (Losada, Boix, & Horno, 1999) (Bouttout, Benabdelaziz, Benghalia, Khedrouche, & Fortaki, 1999) 

(BahI & Bbartia, 1980) and will be used in our work. For that, a rigorous full-wave analysis with basis modes 

involving is developed and applied. 

 

Superstrate dielectric layer (or layers) or earlier known as cover layers, are often used to protect printed antennas 

(PA) from environmental hazards, or may be naturally formed for example: ice layers during flight or severe 

weather conditions (POZAR, 1983). Only after the year 1985, it was discovered that the superstrate layer many 

prove beneficial or detrimental to printed antenna radiation characteristics, depending on the thicknesses of the 

substrate and cover, as well as relative dielectric and permeability constants , it may affect adversely the antenna 

basic performance characteristics (POZAR, 1983) (Nicolaos, Alexopoulos, & Jackson, 1984). 

 

For this reason, in this work the effects of superstrate Annular- Ring printed antennas using the moment method 

are considered in detail, so that the printed antenna performance may be understood better or a proper choice of 

cover parameters may be implemented to advantage in the enhancement of printed antennas. 

 

 

Theory 
 

The problem to be solved is illustrated in Figure 1. A annular-ring patch of thickness   is printed on a grounded 

dielectric slab of thickness   . 

The annular ring patch dimensions are the inner radius   and the outer radius  . The substrate is characterized by 

the free-space permeability    and a permittivity      . 

Above the radiating patch is the superstrate layer of thickness    with free-space permeability    and a 

permittivity      .The permittivity tensor in this region is given by (Losada, Boix, & Horno, 1999) 

(Benmeddour, Dumond, Benabdelaziz, & Bouttout, 2011) : 
 

 ̅    |

    
    

    

|  

Where            . 

 

 
Figure 1. Geometrical structure of a superstrate loaded annular patch on a uniaxial substrate 

 

The transverse fields components in the j
th

 layer can be obtained using the vector Hankel transform formulation 

(Losada, Boix, & Horno, 1999) (Benmeddour, Benabdelaziz, Bouttout, & Aouabdia, 2004) (Benmeddour, 

Dumond, Benabdelaziz, & Bouttout, 2011). 
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 ̅ (   ) is the kernel of the vector Hankel transform given by (Chew & Kong, 1980).
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Here, the expression of the matrices jT  for the anisotropy in the dielectrics is given by : 
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and 

 

   √     : is the free space wavenumber.  

k  : Note that the presence of an arbitrarily number of layers above and / or below the annular patch is 

easily included in the matrix product Γ  and/ or Γ . 

 

In applying Galerkin method to solve the vector dual integral equations express the unknown annular patch 

current in terms of appropriate expansion modes formed expansion basis functions (Sami, Chew, & Kong, 

1982). 
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Principal system  
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The Hankel transform of     is: 

 

   (  )  [

    ⁄

(    ⁄ )    
    

́ (  )

 

(    ⁄ )  
   (  )

] 

 

Where 

   (  )     

         akJbkJabkY nnmnnnmnnm   
 

 

 

Orthogonal system  

 

   ( )  {
[

 

     ⁄
 (     ⁄ )

 ́(     ⁄ )
]                                     

                                                                 

  

The Hankel transform of     is:  

 

   (  )  [

 
   

  
  (    ⁄ )

    (  )] 

 

Where 

         aYJYaJa npnnpnnpnnpnnpn  
 

    0 npnnpn ab 
 

   ( )  
 

 
  
́ (     ⁄ )  (   )    

́ (   )  (   ) 

 

Vector Hankel transform of the current basis functions can be written as: 
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The expression of the spectral dyadic Green function of the stratified medium, in which the patch is embedded, 

is shown to be given by : (Losada, Boix, & Horno, 1999) (Benmeddour, Benabdelaziz, Bouttout, & Aouabdia, 

2004) (Benmeddour, Dumond, Benabdelaziz, & Bouttout, 2011). 
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The electric field integral equation which enforces the boundary condition must vanish on the patch surface, as 

discretized into a matrix form shown as: 
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Where 

  and D represent either   or   for every value of the integer n. 

 

The system of linear equation has non-trivial solutions when the determinant of system equation (30) vanishes, 

that is: 

 

   0)('det fZ  
 

The equation (26) is the characteristic equation of the complex resonant frequencies of the microstrip antenna 

having stacked configuration as shown in figure 1.  

The real parts of the complex resonant frequencies correspond to the resonant frequencies of the antenna, 

whereas, the imaginary parts are due to radiation loss of the antenna. Once the resonant frequencies are obtained, 

we can determinate the half power bandwidth.  

             

 

With     is the imaginary part of the resonant frequency, and is    the real part of the resonant frequency. 

 

 

Numerical results and discussions 
 

Validation of results 

 

In order to confirm the computation accuracy of the approach described in the previous section, our numerical 

results are compared with those obtained from other works  Table 1 shows the calculated resonant frequencies 

for the modes of Annular-ring Microstrip Single Layer Antenna (         ,        ). These results are 

compared with theoretical and experimental data, which have been suggested in (Richard, Bhasin, & Claspy, 

1993) (Lee, Yho, & Dahel, 1984) (Lee & Dahele, The two-layered annular ring microstrip antenna, 1986). 

The annular patch is printed on a substrate of thickness          , and     . 

Note that the agreement between our computed results and experimental and the theoretical results is very good.  

 

Table 1. Comparison of measured and theoretical resonant frequencies for different modes          ,     , 

                                 

Modes     
  

[Cm] 

Measured 

frequencies 

  [GHz] 

Calculated frequencies   [GHz] 

(Richard, 

Bhasin, & 

Claspy, 1993) 

(Lee, Yho, & 

Dahel, 1984) 

(Lee & Dahele, The two-

layered annular ring microstrip 

antenna, 1986) 
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Table 2. Comparison and calculated resonant wave number times the inner radius of the ring (  )  

 

 

 

As a 

validation of the different results, in table 2, we have compared the results obtained with this theory and 

previously published data (Gomez-Tagle & Christodoulou, 1997). We have calculated the resonant wave 

number (  ) times the inner radius   of the ring     ( (            √      ), as functions of different sizes 

of the ratio of the substrate thickness    normalized by the inner radius    (for the modes     ). The annular 

antenna printed on a substrate of permittivity           , for the inner radius           , thickness 

     and the outer radius      and, for various thickness    . 

Again, the comparisons show a good agreement between our results and those of literature. 

 

 

Effet of Isotripic Superstrate 

 

In this sub section, a rigorous analysis of the annular-ring printed patch is obtained using the vector Henkek 

transform and Galerkin’s method. Figure 3 depicts the variation of the resonant characteristics for annular-ring 

printed antenna as function of thicknesses    and permittivity     of superstrate.  
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Figure. 2. Resonance frequency and half-power bandwidth of the annular-ring printed antenna with different 

thicknesses of superstrate layer against permittivity of superstrate layer; 

(a) Resonance Frequency, (b) Half-power bandwidth 

 

Results show that in addition to its protective action, the presence of a dielectric cover has two major interests in 

the field of antennas: (1) it decreases the resonant frequency which allows a reduction in the patch size for the 

same target frequency and (2) it increases the half-power bandwidth which improves the narrow-band 

characteristics of printed antenna. It can be observed both in Fig. 2a. and 2b that these effects are more 

pronounced for thicker superstrate and for increasing ratio of         . As it is well-known in printed antenna 

design, a low value of substrate permittivity     is generally preferred because it increases the fringing field at 

the patch periphery and then the radiated power. Thus the use of high permittivity superstrate     leading to high 

ratio         is possible and could give significant improvements in condition of sufficient thickness. Indeed, 

from Fig. 2b, we can note that for ratios       less than 3.1, the bandwidth is degraded and this especially as the 

permittivity     of the superstrate is high. 

 

 

Conclusion 
 

This work presents the resonant characteristics of superstrate loaded annular printed antenna. The analysis has 

been based on a full-wave model with London’s equations and the Gorter-Casimir two-fluid model. It is shown 

that resonant frequency of the Annular-Ring printed Antenna is seriously affected from the anisotropy of 

superstrate layer. These results indicate that the effect of the superstrate layer on the resonant characteristics of 

  
 ⁄  

Mode      

Results of (Gomez-Tagle & Christodoulou, 1997) Our results 

Re (   ) Im (   ) BP% Re (   ) Im (   ) BP% 

0.005 0.67          0.048 0.676          0.047 

0.01 0.68          0.05 0.682          0.053 

0.05 0.70          0.15 0.695          0.151 

0.1 0.71 0.0012 0.34 0.705 0.0012 0.345 

(a) (b) 
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the Annular-Ring printed Antenna is stronger for higher superstrate thickness and permittivity. The accuracy of 

our results has been checked with different approaches and shows a very good agreement. The optimal operating 

frequency of the structure is shifted and wider bandwidth operation is achieved. These results must be taken into 

account in shielding applications in order to avoid unwanted characteristics and better protection of the structure. 
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