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Abstract— Fast Wave Concept Iterative Process (FWCIP) shows some convergence problems. While the overall iterative process can be improved through other methods, a redefinition of the waves in the modal domain is performed in order to remove the intrinsic instability of the method. Edge effect is then used in order to find the right impedances to be used and clear improvement in the iterative process is obtained.
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I. Fast Wave Concept Iterative Process
In [1],[2] the Fast Wave Concept Iterative Process (FWCIP) is introduced.

Let ( be a discontinuity plane inside a metallic box. The regions on both sides are filled with homogenous dielectric. The two regions are designated as region 1 (( r1 , h 1 , etc.) and region 2 (( r2 , h 2 , etc.). ( contains a planar circuit and the electromagnetic fields are to be found at the discontinuity level. 

We define the incident and reflected wave in both sides of the discontinuity plane 
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where:
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is the medium impedance.

The waves are subject to constraints imposed by the discontinuity (3) and by the reflection over the metallic walls of the box (4).
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A0 is the incident wave generated by the source in the two regions and 
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 denotes the reflection operator on the discontinuity surface ( and on the metallic walls respectively. The FWCIP method solves (3) (4) by an iterative process. In (5), (6) k denotes the current iteration and the starting conditions are imposed by the source (6).
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FWCIP has some convergence problems, even in simplest structures. In the following example we show the results found for a microstrip transmission line, extending from one side of the box to another, centered between the box walls. The box is rectangular (a by b), divided by a grid in 32×32 pixels (each pixel is a square 0.53×0.53 mm). The line is 2 pixels wide (1.06mm) and 30 pixels long (15.94 mm) and of course short-circuited at the end by the box, so purely imaginary impedance is expected. We verify the convergence by plotting the impedance value (figure 1) on the source surface (a square 2×2 pixels - 1.06×1.06 mm positioned at the beginning of the line). 
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Fig. 1.  Input impedance - Convergence analysis

In [3] two methods are described to improve the convergence, but those methods, while offering a better iterative process and a better field solution, only lowers the intrinsic instability of the FWCIP method. 
II. Modal domain definition of the waves
In FWCIP many of the concepts are physics related and can’t be changed. The only place where we imposed some of the parameters is the definition of the waves where we choose a space domain definition (1). The value of the impedance was chosen equal to that of the corresponding medium (2). 

We will define the waves in the modal domain. For every region we state:
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where 
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 and Z0 becomes a matrix resulting in a different impedance value for every spatial mode: Z 0mn. fmn are the basis functions for the modal decomposition in the rectangular guide (11).
III. Edge effect and Redefinition of  the waves
We plot the field distributions for the same microstrip line used before, the frequency being set to 5GHz. The line being only 2 pixels wide we expect only longitudinal current to exist on the line [4],[5]. Even incomplete as stated before and with errors, FWCIP offers still the “good” shape of the fields. As in figure 2 only E y and J x have considerable values, while E x and J y are small and “noisy”, and appear mainly due to method errors (the lack of the convergence).
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Fig. 2.  Spatial distribution of the transversal field (E y - up) and longitudinal surface current (J x - down), iteration 300, frequency 5GHz

Figure 2 show two interesting facts. First, the E y and J x fields seem connected and in antiphase. Second and more important, both E y and J x , and consequently the waves A x, A y, B x, B y (as E x and J y can be neglected) have some major step discontinuities when going through a dielectric-metal discontinuity. These step discontinuities will not be accurately modeled by complex exponentials. It is our belief that this fact generates the instability of the FWCIP method.
The calculus of the charge conservation on the edge of the line suggests us to adopt a definition of the wave functions that will allow a smooth transition over the metal-dielectric interfaces. In the space domain this definition will be:
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In order to preserve the classic definition of the TE/TM modal decomposition we define the waves in the modal domain as in (12).
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In fact in (12) we define an intermediary function with no physical correspondent. The surface current is replaced by composition of the modal amplitudes by a rotated modal basis.   Equations (12) do not accurately apply (10) but with the appropriate choice of the impedance coefficients we can make the transition over different materials as smooth as possible.
IV. Results and conclusions
We apply (12) with the following impedance coefficients:



[image: image22.wmf]a

j

m

Z

b

j

n

Z

y

mn

x

mn

we

p

we

p

-

=

-

=

,


(13)


The convergence plot for the same structure as in section 1 is in figure 3.
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Fig. 3.  Input impedance - Convergence analysis (new definition)


A very good behaviour of the iterative process is obtained. Convergence is obtained in around 30 iterations as opposed to 150 iterations in figure 1 and this time without the oscillations showing the lack of convergence of the classic method. So the proposed method increases the speed of the analysis and the stability of the final solution.
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