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ABSTRACT 

This paper, presents an improved algorithm for the conformal finite-difference time-
domain. Locally distorted conformal FDTD griding methods are based on a regular 
orthogonal grid, with the exception that grid is deformed in the near vicinity of 
boundary interface. It is based on the concept of weighted-volume effective dielectric 
constant. It models an arbitrarily shaped dielectric objects. Modeling the cylindrical 
dielectric resonator shows the accuracy and usefulness of the method. 
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I. INTRODUCTION 

The finite-difference time-domain (FDTD) method [1-4] has been proven to be a very 
efficient numerical algorithm in computational electromagnelics. The traditional FDTD 
algorithm is based on a Cartesian coordinate system, and is difficult to exactly 
generate meshes for electromagnetic structures with curved boundaries. It is usual to 
utilize a staircase approximation into a FDTD method for curved structures and an 
accurate solution can only be obtained using very fine grids and, consequently, a 
very small time step. 
Apart from the staircase approximation, there are three different commonly used 
types of the FDTD method, which have been put forward to analyze electromagnetic 
structures with curved boundaries: The conformal or contour-path algorithm [5], 
formulas in the curvilinear coordinate system [6], and nonorthogonal FDTD method 
[7]. 
Reference 8, has reported a simple yet accurate technique for the FDTD analysis of 
curved dielectric bodies using a locally conformal grid. This approach requires neither 
a borrowing nor interpolating of the electric fields at the object boundary. This paper 
calculates the effective dielectric constant at the boundary by taken the weighted 
volume average of the two dielectrics, and then calculate the electric and magnetic 
field from FDTD equations, these equations have been used without approximation 
as in reference [8]. The resonance frequencies of the cylindrical dielectric resonator 
show the accuracy of this method with respect to the conformal finite-difference time-
domain [8] and staircase FDTD grid. 

II. ALGORITHM 

One begins by the conformal finite-difference time-domain (CFDTD) method [8], it 
presents the following representative equation for the electric field along the x-
direction: 

- 	7, 
At H 	-II 	11 
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, 	 pk  , 
Az (1) 

where Ay and Az are the step sizes along the y- and z-direction respectively. Similar 
equations can be written for other electric-field components. The equation for the z-
direction magnetic field is: 
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where Az  is the face area of the cell, excluding the dielectric region, Ix  and I are the 
cell lengths outside the metal, along the x- and y-directions, respectively. 

(2) 
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Fig. 1 One-quarter cross section of a cylindrical DR at z = k. 

The improvement involved in this paper is toward using the magnetic field equations 
without any modifications and approximations: 

„-y 	 .E:.1,71,„ 	 .E  i i". j ,k -E 17 1.j.k  
Hz 	- H dy 	 dx (3) 

Similar equations can also be written for other magnetic-field components. 
Fig. 1 shows the cross section of a cylindrical dielectric resonator along the z-axis, 
where, for convenience, we display only one of its quadrants. A regular cell that is 
completely filled with a homogenous medium, e.g., cell (1,1,k), can be modeled by 
using the previous mentioned equations. However, these equations must be modified 
when a cell contains two different dielectric media, e.g., cell (4,3,k), for which it is 
introduced the concept of an effective dielectric constant eerf, which can be calculated 
by taking the weighted volume average of the two dielectrics and then expressed as: 

c„,,ff  = 	 j, k ) * c,, +(t  - 	 j, k ))* 	 (4) 

where vs(ij,k) is the fractional volume of the (i,j,k)th  cell that contains the dielectric co. 
Er2 is the relative dielectric constant of the medium in the remaining volume. The 
procedure outlined above can be extended to cells containing more than two different 
dielectric media. Once the effective dielectric constants of the cells have been 
computed, the conventional FDTD method can be used to update the electric-field 
components. 

III. NUMERICAL RESULTS 

In order to demonstrate the propriety of the new FDTD method, some numerical 
results are presented. Fig. 2 illustrates the resonance frequencies of the cylindrical 
dielectric resonator shown in Fig. 3. Scattering parameters are calculated using fast 
Fourier transform (FFT) of the time-domain signal. The space steps are 0.36 mm in 
x- and y-direction, and 0.3575 mm in z-direction. The computational regions are 
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16.56 X 16.56 X 10.725 mm3  meshed by 46 X 46 X 30 cell3. The relative permittivity 
of the dielectric cylinder is 22, its radius is 5.21 mm, and its height is 3.575 mm, the 
length of the slot is 4 mm, and its width is 1.08 mm, the ground was considered of 
infinite dimensions. The structure was excited by a Gaussian pulse along the slot 
shown in Fig. 3, using perfectly matched layers (PML) the fields decay quickly at the 
distance 5-space steps from the outer surface of the dielectric resonator. The 
analysis was carried out for 4096 time steps and no instability was ever observed. 
Fig. 4 and Fig. 5 show the input impedance of the cylindrical dielectric resonator 
(CDR) calculated by the improved method and staircase mesh, respectively. 
The percentage differences in the resonance frequencies are calculated for the 
adapted method and staircase FDTD grid relative to the measured resonance 
frequency (6.41 GHz)[9]. The results are compared with those derived by using the 
modal expansion technique given by Mittra [8]. The difference between the improved 
method and Mittra results are listed in Table I. It is clear that the improvement in the 
present method is better than in Mittra method. 

Table I. Percentage improvement over staircase in the resonant frequency of 
cylindrical dielectric resonator computed by Mittra and present algorithms. 

Mode 

  

Mesh Size 

 

Percentage improvement over 
staircase grids 

Present T Mittra 
49.22 % 	22.72 % HEW, 

  

A./27 

 

         

The resonant frequency for different resonator dimensions are illustrate in fig.6. In 
Fig. 6a the scattering parameter S11 is calculated for radius is 5.21 mm and different 
heights of values 3.57, 7.15, and 10.45 mm. In fig. 6b the height is 3.47 mm and the 
radius has three values 5.22, 7.98, and 7.6 mm. One can notice from the results that 
there is proportionality between the resonant frequencies and the ratio of the relative 
cavity volumes. Increasing the volume of the cavity decreasing the resonance 
frequency. Fig. 7 and Fig. 8 depicts the input impedance for the case illustrated in 
fig.6. 

IV. CONCLUSIONS 

This paper has introduced a simple improvement of the conformal finite-difference 
time-domain scheme for accurately handling objects with curved dielectric bodies. 
The resonance frequencies of the cylindrical dielectric resonator are calculated by 
using this technique and the results show the improvement in the accuracy over the 
conformal FDTD scheme. 
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Fig. 2. S-parameters of cylindrical dielectric resonator. 

Fig. 3. Cylindrical dielectric resonator. 
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Fig. 4 Input impedance calculated by present method. 
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Fig. 5 Input impedance calculated by staircase method. 
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Fig.6a S-parameters of cylindrical dielectric resonator for different heights. 
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Fig.6b S-parameters of cylindrical dielectric resonator for different radius. 
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Fig.7a Real impedance of cylindrical dielectric resonator for different heights. 
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Fig.7b Imaginary impedance of cylindrical dielectric resonator for different heights. 
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Fig.8a Real impedance of cylindrical dielectric resonator for different radius. 
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Fig.8b Imaginary impedance of cylindrical dielectric resonator for different radius. 
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