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Abstract —  The triangular  microstrip antenna is 

analyzed through of a step discretization using the full 
wave Transverse Transmission Line method (TTL) in 
combination with the Moment method.  The PBG 
(Photonic Band Gap)  structure is analyzed using the 
homogenization theory, and the objective is to obtain the 
equivalent permittivity of the structure. Numerical results 
of the imaginary and real resonant frequency are shown. 
 
Index Terms —   Microstrip Antenna, Photonic Band 
Gap, Triangular Patch, Transverse Transmission 
Line method. 
 

I.  INTRODUCTION 
 

A microstrip patch antenna is used because of its 
light weight and low cost. The patch  of the microstrip 
antennas can have different geometries such as 
rectangular, circular, elliptic, squares and  triangular. 
The present paper is about a triangular microstrip 
antenna with step discretization that is a modification of 
the rectangular antenna. The complex resonant 
frequency is calculated for triangular antenna with steps 
discretization. 

The study consists of the analysis of one structure 
with two dielectric substrates and a rectangular patch 
that is changed in its width of n  steps. Thus with a great 
number of steps  going to infinite, the patch takes a 
triangular form.  

 The triangular microstrip antenna with step 
discretization is analyzed using the full wave efficient 
and concise Transverse Transmission Line (TTL) 
method in the Fourier Transformed Domain (FTD), in 
combination with the Moment method [1]-[8]. The 
generalisation study of the structure to n-steps, makes 
the analysis more complete. The Fig. 1, shows a 
superior view of a two steps antenna (n = 2). 

Analysing the microstrip we conclude that if n goes 
very big, but no infinite, we will have a triangular 
discretization patch, that is a good approximation of a 
triangular continue one and has a simpler analyse. 

Using the PBG as dielectric material in the antenna, 
the propagation of some frequency are not permited, 
producing band gap. 

 
 

 
 

 
  
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Two steps microstrip antenna. 

 
II.   THEORY 

 
A. TTL Method 

 
Applying the TTL method  the equations that 

represents the electromagnetic fields in the x and z 
directions as function of the electric and magnetic fields 
in the y direction, for the microstrip patch antenna  are 
obtained. Starting from the Maxwell’s equations, after 
various algebraic manipulations the general equations 
for the structure in the FTD are obtained. For the x 
direction the tangential (t = x and z)  components:  
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and for the z direction: 
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where i = 1, 2 are the dielectric regions, 
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i k−β+α=γ  is the propagation constant in y 

direction, αn is the spectral variable in x direction, βk is 
the spectral variable in z direction, ∗ε=µεω= ri
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−ε=ε∗  is the relative dielectric permitivity  

of the material, k is the wave number. After the 
application of the boundary conditions, the Moment 
method is used to eliminate the electric fields and to 
obtain the homogeneous matrix equation for the 
calculation of the complex resonant frequency. The 
roots of this matrix are the real and imaginary resonant 
frequencies. 

 
B. PBG Structure  
 

One of the problems that appear when  working with 
photonic material it is the determination of the effective 
dielectric constant. For  a non-homogeneous structures 
submited the incident sign goes at the process of 
multiple spread. A solution can be obtained through of 
numerical process called of homogenization [9]. 

The process is based in the theory related the 
diffraction of an incident electromagnetic plane wave 
imposed by the presence of cylinders of air immerged in 
a homogeneous material [10]. 

Chosen a Cartesian coordinates system of axes (O, x, 
y, z), Figura 2. Consider firstly a cylinder with relative 
permittivity ε1, with traverse section in the plane xy, 
embedded in a medium of permittivity ε2. For this 
process the two-dimensional structure is sliced in layers 
whose thickness is equal at the cylinder diameter. In 
each slice is realized the homogenization process. 

 
Fig. 2.   Homogenized bidimensional crystal. 

 
According to homogenization theory the effective 

permittivity depends on the polarization [11]. For s and 
p polarization, respectively, are: 
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where β is defined as the ratio of the area of the 
cylinders over the area of the cells and α is an 
independent parameter whose value s equal to 0.523. 
The A1 and A2 variables in (7) and (8) were included 
only for simplify (6). 
 

III. NUMERICAL RESULTS 
 

The computational program used to calculate 
the resonant frequency of  the triangular antenna with 
step discretization of the dieletric substrate with PBG, 
was developed in Fortran PowerStation and Matlab 6.0 

The Fig. 3 and 4 shows the curves of the real 
and imaginary resonance  frequency  for the polarization 
s and p, respectively, as function of the length and the 
width do patch, for the structure with PBG material. 
 The parameters used to plot the curves are: The 
permittivity relative is 10.233 for s polarization and 
8.7209 for p polarization. The substrate thickness is 0.7 



mm, the width and length of patch are 14 and 9 mm, 
respectively, with 15 steps in patch. 
 

 
(a) 
 

 
(b) 

 
Fig. 3.  Resonant frequency of microstrip patch for s 
polarization (a) real and  (b) imaginary. 
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Fig. 4.  Resonant frequency of microstrip patch for p 
polarization (a) real and  (b) imaginary. 
 
The Fig. 5 shows the curves of the real resonance  
frequency  for the polarization s and p, respectively, as 
function of the length and the width of the patch, for the 
structure with PBG material in comparison with 
substrate of permittivity relative 2.22 [12]. 

The parameters used to plot the curves are: The 
relative permittivity is 10.233 for s polarization and 
8.7209 for p polarization. The substrate thickness is 0.7 
mm, the width and length of patch are 14 and 9 mm, 
respectively, with  zero and 15 steps in patch. 
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(b) 

 
Fig. 3. Real Resonant frequency of microstrip patch for s and 
p polarization compared with substrate of  εr = 2..22 (a) 15 and  
(b) zero steps. 

IV. CONCLUSIONS 

The Transverse Transmission Line (TTL) method was 
used for analysis a  triangular microstrip  antenna with 
steps discretization, using PBG substrate. 

Results for the complex frequency resonance when 
the number of steps tend the infinite (15 steps) agreed 
with the encontred in literature, being compared when 
the number of steps in patch is zero, that is, patch is 
rectangular. 

The results of the complex frequency resonance for 
the substrate of the permittivity relative εr1=2.22 are 
compared with  the PBG substrate. 

 Curves that show the variation of the real and 
imaginary resonance frequency with relation to the 

patch width and length of the triangular microstrip 
antenna with steps discretization were presented in 3-D. 
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