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Abstract  The scattering radar cross section (RCS) of a 
superstrate loaded resistive rectangular microstrip patch 
which is printed on isotropic or uniaxial anisotropic substrate 
are investigated, where an accurate design based on the 
moment method technique in the spectral domain is 
developed. Entire domain sinusoid basis functions without 
edge condition and roof top sub-domain basis functions are 
introduced to expand the unknown current on the metal 
patches. The integral equation includes a superstrate resistive 
boundary condition on the surface of the patch and the 
effects of anisotropic substrate are developed. The necessary 
terms for representing the surface resistance on the patch 
were derived and were included in the equation in the form 
of a resistance matrix. Comparative study between our 
results and those available in the literature is done and 
showed a very good agreement. 
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1. Introduction 
Microstrip antennas have been widely used in the range of 

microwave frequencies over the past twenty five years and 
are now extensively used in various communication systems 
due to their compactness, economical efficiency, light 
weight, low profile and conformability to any structure. 
However, microstrip patch antenna is limited by its inherent 
narrow bandwidth. Therefore, this problem has been 
addressed by researchers and many configurations have been 
proposed for bandwidth enhancement [1-6]. 

The study of the superstrate layer is of interest, it can 
affect the performance of printed circuits and antennas and 
may prove beneficial or detrimental to the radiation 
characteristics, depending on the thicknesses of the substrate 
and superstrate layer, as well as relative dielectric constants 
[1]. In this paper we extend our study [2, 3] to the case of a 
superstrate-loaded resistive rectangular microstrip structure, 
where the superstrate layer loaded on the microstrip structure 
is often used to protect printed circuit antennas from 

environmental hazards, or may be naturally formed during 
flight or severe weather conditions [1, 4].  

For the analysis and the design of microstrip antennas 
there are several techniques developed like cavity model 
transmission line model, however, the accuracy of these 
approximate models (simple analytical methods) is limited 
and only suitable for analysing simple, regularly shaped 
antenna or thin substrates. The full-wave moment method 
has been applied extensively and is now a standard approach 
for analysis of microstrip geometry [1-4]. In such approach, 
the spectral dyadic Green’s function which relates the 
tangential electric fields and currents is developed. 

The radar cross section of a microstrip patch has recently 
been treated [7], although, there has been very little work on 
the radar cross section of patch antennas in the literature. The 
solution of the electric field integral equation via the method 
of moments has been a very useful tool for accurately 
predicting the radar cross section of arbitrarily shaped in the 
frequency domain [8]. In this paper we will consider only 
mono-static scattering. 

The boundary condition for the electric field on a thin 
resistive sheet has been examined by Senior and is valid as 
long as the sheet is electrically thin. Using this type of 
boundary condition, several authors have examined the 
scattering response of resistive strips and tapered resistive 
strips. This approach has also been used in order to study 
frequency selective surfaces [9]. This paper will describe 
spectral domain analysis of superstrate-loaded imperfectly 
conducting microstrip patch antennas printed on isotropic or 
uniaxial anisotropic substrate by using entire domain 
sinusoid basis functions without edge condition and roof top 
sub-domain basis functions to model the patch current 
density. 

It is worth noting that the effects of non-zero surface 
resistance and the uniaxial anisotropy on the scattering 
properties of a superstrate loaded rectangular microstrip 
structure has not yet been treated. A novel proposed structure 
pertaining to this case will be presented in this paper. 

2. Theory 
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The geometry for the superstrate-loaded resistive 
rectangular patch antenna is shown in Figure 1. The resistive 
patch with length a and width b printed on the grounded 
substrate, which has a uniform thickness of h and having a 
relative permittivity εr1 (region 1). The superstrate of 
thickness d with relative permittivity εr2 is obtained by 
depositing a dielectric layer on the top of the substrate 
(region 2).  

 

Figure 1.  Resistive rectangular patch in a substrate superstrate geometry 

The resistive boundary condition at the surface of the 
patch is given by [3, 10]: 

JREE s ⋅=+ incscat               (1) 

sR  Surface resistance on microstrip patch antenna. 
incE Tangential components of incident electric field. 
scatE Tangential components of scattered electric field. 

J Surface current on the patch. 
The study is performed by using a full wave analysis and 

Galerkin’s moment method in the spectral domain to 
examine the scattering properties of a superstrate loaded 
rectangular patch antenna with a surface resistance, in which 
we extend our study [2, 3] to the case of this proposed 
geometry. 

In the spectral domain the relationship between the patch 
current and the electric field on the patch is given by: 

( ) ( ) ( )ssss kJkGkE ~~
⋅=             (2) 

Where G is the spectral dyadic Green’s function and
( )skJ~ is the current on the patch. 
The designers should, however, carefully check for the 

anisotropic effects in the substrate material with which they 
will work, and evaluate the effects of anisotropy. 

In the case of a uniaxially anisotropic substrate εr1 can be 
represented by a tensor or dyadic of this form [2]: 

[ ]zxxr εεεεε ,,diag.01 =             (3) 

ε0 is the free-space permittivity; all the dielectric materials 
are assumed to be nonmagnetic with permeabilityµ0. 

zε is the relative permittivity in the direction of the optical 
axis. 

xε is the relative permittivity in the direction perpendicular 

to the optical axis. 
Based on [4] we have included the effect of the superstrate in 
the Green’s function formulation as: 
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An integral equation can be formulated by using this 
Green’s function to determine the electric field at any point. 
The details of the solution of the transformed integral 
equation are presented in [1-3]. 

The surface current on the patch can be expanded into a 
series of known basis functions Jxn and Jym 
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Where an and bm are the unknown coefficients to be 
determined in the x and y direction respectively.  

The Fourier transforms for (10) are expressed by [3, 4]: 

( ) ( ) ( )sssss rJr,kFrkJ −= ∫ ∫
∞
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d~          (11) 

( )ss r,kF − is the kernel of the vector Fourier transforms. 
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kx and ky are the spectral variables corresponding to x and y 
respectively. 

The choice of the basis function is very important for a 
rapid convergence to the true values; Entire domain sinusoid 
basis functions and roof top sub-domain basis functions are 
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introduced to expand the unknown current on the metal 
patches [2, 3] of this proposed antenna. 

2.1. Entire-Domain Sinusoid Basis Function without 
Edge Condition 

Entire domain expansion currents lead to fast convergence 
and can be related to a cavity model type of interpretation 
[11]. The currents can be defined using a sinusoidal basis 
function defined on the whole domain, without the edge 
condition [4, 12]. The currents are associated with the 
complete orthogonal modes of the magnetic cavity. Both x 
and y directed currents were used, with the following forms 
[13]: 
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The transforms of these basis functions (13. a) and (13. b) 
can be written as: 
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2.2. Roof Top Sub-Domain Basis Functions 

Roof top functions are characterized by their triangular 
shape along the direction of current flow and rectangular 
cross section in the orthogonal direction, mathematically, the 
sub-domain basis functions for the components of the current 
are described in [14] as: 
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Where, the functions Λ and  are "triangle" and "pulse" 
functions, respectively. 

The transforms of the current densities of (15. a) and (15. b) 
can be written as: 
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( )( )2/exp1 yjkyjkxjkA ynymx ∆+−−=  

( )1+=∆ Max and ( )1+=∆ Nby  

Note that the rectangular patch is divided into (m+1)×
(n+1) cells along the x and y directions, with each cell having 
the dimensions of x∆ and y∆ . 

Using Galerkin’s method, the electric field integral 
equation which enforces the boundary condition must vanish 
on the patch surface, can then be discretized into a matrix 
form as [3]: 
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( )iZ  The impedance matrix terms, i = 1, 2, 3, 4. 
( )jR  Resistance matrix terms representing surface 
resistance on the patch j = 1, 4. 
( ) ( ) 1M1N ×× ba , are the unknown current modes on the patch. 

Since that we have included the effect of uniaxial 
anisotropic substrate and the effect of superstrate in the 
Green’s functions, and the effect of the non-zero surface 
resistance at the resistance matrix and consequently at the 
impedance matrix, the different antenna characteristics 
beginning by the resonant frequency can be obtained similar 
to [1-4]. It is worth noting that the resonant frequencies are 
defined to be the frequencies at which the field and the 
current can sustain themselves without a driving source. 
Therefore, for the existence of nontrivial solutions, the 
determinant of the characteristic equation [Z] must be zero. 
The roots of this [Z] matrix are complex, therefore, Muller’s 
algorithm has been employed to compute the roots and hence 
to determine the resonant frequency, consequently the other 
different antenna characteristics can be easily obtained. 

Stationary phase evaluation yields convenient and useful 
results for the calculation of antenna patterns or radar cross 
section[15].The radar cross section computed from [7, 8], for 
a unit amplitude incident electric field is given by: 

( )θθ10 σlog10RCS =           (19) 

θθσ is θ̂ polarized backscatter from a unit amplitude θ̂
polarized incident field. 
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3. Numerical Results 
The moment method technique with entire domain 

sinusoid and roof top sub-domain basis functions has 
developed to examine the resonant frequency and the 
scattering properties of a rectangular patch antenna.  

To ensure that the computer programs are correct, 
comparisons are shown in Table. 1 for a perfectly conducting 
patches of different sizes without dielectric substrates (air). It 
is important to note that the normalization is with respect to 
f0 of the magnetic wall cavity. The calculated results for the 
two sets of basis functions shown in table 1 agree very well 
with experimental results obtained by other authors [16], 
computations show that the roof top sub-domain basis 
functions provides a significant improvement in the 
computations time with less iterations in the evaluation of 
the resonant frequency of a microstrip patch compared to the 
entire domain sinusoid basis functions [3]. 

Table 1.  Measured and calculated resonant frequencies of rectangular 
microstrip antennas. 

a 
(cm) 

b 
(cm) 

h 
(cm) 

[16] 
(f/f0) 

Our results (f/f0) 

Roof top Entire 
domain 

5.70 3.80 0.317 0.893 0.854 0.882 

4.55 3.05 0.317 0.897 0.839 0.863 

2.95 1.95 0.317 0.841 0.801 0.816 

1.95 1.30 0.317 0.773 0.761 0.765 

1.40 0.90 0.317 0.705 0.718 0.710 

1.20 0.80 0.317 0.673 0.707 0.693 

1.05 0.70 0.317 0.651 0.691 0.672 

1.70 1.10 0.152 0.881 0.815 0.834 

1.70 1.10 0.317 0.761 0.741 0.739 

In table 2 we have compared our results with those of 
Wong and Row deduced from [Figure. 3. a, 13] for zε =2.35, 
h=0.1 cm, a=1.5cm, b=1.0cm, a good agreement between 
our results and those of Wong and Row is achieved, also the 
results show that the resonant frequency is slightly increased 
due to the positive uniaxial anisotropy when xε change. 

Table 2.  Resonant frequency for the isotropic, positive and negative 
uniaxial substrate 

type of substrate xε  
Resonant frequency (f/f0) 

Results of [13] Our results 

negative uniaxial 2.82 0.910 0.9161 

isotropic 2.35 0.915 0.9213 

positive uniaxial 1.88 0.925 0.9269 

Table 3 shows the scattering radar cross section RCS for 
an imperfectly conducting patch with the surface resistance 
Rs=30 Ω compared to a perfectly one and printed on a 
substrate of thickness h=0.2 cm, where isotropic, positive 
and negative uniaxial anisotropic substrates are considered. 
The patch dimensions are: a= 1.5cm, b=1.0 cm. It can be 

seen clearly that the permittivity zε  has a stronger effect on 
the scattering radar cross section than the permittivity xε for 
both cases. 

Table 3.  Effects of the surface resistance on the radar cross section for 
isotropic, negative and positive uniaxial substrates, a=1.5cm, b=1.0cm, 
h=0.2cm,θ =60°, φ =0. 

xε  zε  AR 
RCS (dBsm) 

Rs(Ω)=30 Rs (Ω)=0 

2.32 2.32 1 -29.27 -28.57 

4.64 2.32 2 -29.39 -28.82 

2.32 1.16 2 -29.12 -28.05 

1.16 2.32 0.5 -29.25 -28.68 

2.32 4.64 0.5 -29.64 -29.50 

The substrate has a relative permittivity of εr1=2.35 with a 
uniform thickness of h=0.1cm and the patch dimension is 
6.0cm x5.0cm. For all our computations the mode that we 
will be studying is the TM01 mode with the dominant 
component of the current in the y direction. To simplify the 
analysis, the antenna feed will not be considered.  

 

 

Figure2.  Normalized real (a) and imaginary (b) part of the complex 
resonant frequency of a superstrate-loaded rectangular patch versus the 
superstrate thickness d 
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Figure 3.  Radar cross section versus angle  for different surface 
resistance Rs of a superstrate loaded rectangular microstrip patch; h=0.2cm, 
d=0.159cm εr1=εr2 =2.35 at  

In figures 2 (a, b), the real and imaginary part of the 
complex resonant frequency versus the superstrate thickness 
for different dielectric constants of the superstrate are shown. 
The obtained results show that when the superstrate 
thickness is increased, the real part of the complex resonant 
frequency decreases. 

The variation of the imaginary part of the complex 
resonant frequency is very small for d less than about 5h. As 
the superstrate thickness increases (5h<d) the variation 
becomes significant for high superstrate permittivities. 

We conclude that the obtained results show that the 
complex resonant frequency varies more significantly when 
the superstrate permittivity is greater than that of the 
substrate. It is worth noting that for these three figures the 
normalization is with respect to that of the perfectly patch 
(Rs=0 Ohm) with no superstrate (d=0). 

Figure 3 shows the normalised scattering radar cross 
section RCS of a superstrate-loaded rectangular microstrip 
versus the angle θ  for different surface resistance Rs, the 
normalization is with respect to that of the perfectly patch 
(Rs=0 Ohm) with no superstrate (d=0)  

We observe that when the surface resistance is increased, 
the level of the radar cross section decreases. Consequently 
the addition of a resistance on the surface of a microstrip 
patch antenna has been shown to decrease the scattered 
energy from the antenna. 

4. Conclusion 
The moment method technique has been developed to 

examine the complex resonant frequency and the radar cross 
section (RCS) of a superstrate loaded resistive rectangular 
microstrip patch which is printed on isotropic or uniaxial 
anisotropic substrate with the optical axis normal to the patch. 
We have included the effect of the superstrate in the Green’s 
function formulation which is carried out in the spectral 
domain. The choice of roof top subdomain basis functions 

and the entire domain defined in the field of the patch were 
illustrated to develop the unknown currents on the patch. The 
necessary terms for representing the surface resistance on the 
patch are derived and are included in the equation in the form 
of a resistance matrix.  

To ensure that the computer programs are correct, 
numerical results of our proposed antenna for perfectly 
conducting patches are shown and the accuracy of the 
computed technique is presented and compared with other 
computed results found in the literature which are in close 
agreement. Since that the effect of non-zero surface 
resistance and the uniaxial anisotropy on the scattering 
properties of a superstrate loaded rectangular microstrip 
structure has not yet been treated, a number of results 
pertaining to this case are presented in this paper.  

The numerical results show that the complex resonant 
frequency of a superstrate loaded resistive rectangular 
microstrip patch varies more significantly when the 
superstrate permittivity is greater than that of the substrate, 
The obtained results show also that when the superstrate 
thickness is increased, the real part of the complex resonant 
frequency decreases. Also the addition of a resistance on the 
surface of a superstrate rectangular microstrip patch antenna 
has been shown to decrease the level of the radar cross 
section. 
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