Discussion on the Equations  Required for Expanding atlc

David Kirkby 20/3/02.

Introduction. 

This document discusses how the voltage Vi,j at a point i,j inside atlc is calculated and some thoughts on how one might go about extending atlc to multiple dielectrics. In the latter case, the appropriate equations to use when calculating Vi,j is not known (to me anyway).

Current situation. 

Consider first the relatively easy problem of calculating the voltage at point A, given the voltage at B, C, D and E, where all the adjacent cells contain the same dielectric. Since the electric field is continuous, there is no need to any difference between fields either side of A (i.e. that above is the same as that below).
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By definition Ex is –dV/dx and Ey is –dV/dy. We also know D=orE. 

From Maxwell’s equations, Div.D=, so assuming no charge enclosed, Div.D=0. Hence the above equations can be re-written as:

[image: image5.wmf]4

1

,

,

1

1

,

,

1

,

1

,

,

1

1

,

,

1

-

-

+

+

-

-

+

+

+

+

+

=

=

=

=

=

j

i

j

i

j

i

j

i

j

i

j

i

E

j

i

D

j

i

C

j

i

B

V

V

V

V

V

Hence

V

V

V

V

V

V

V

V

[image: image6.wmf]2

,

,

1

j

i

j

i

V

V

+

-

Pixels are numbered with increading index from top left ro bottom right. Hence the top left pixel is 0,0 and the bottom right pixel is W-1,H-1. i.e. the y index is reversed to what you might expect. Therefore.
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Now what happens if the pixel to the left of point Aij is not the same diectric, but a conductor? Currently atlc still calculates the voltage at point A in the same way – i.e. averaging the four voltages around it, as above. However, the proof above is based on the fact there is a dielectric all around. 

Mixed Dielectric. 

atlc should be expended to a mixed dielectric, so allowing the calculation of PCB striplines and similar. This is where the problems start. 

I think after thinking about it more, the situation is like this. 
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The voltage nodes are assumed to be located at the centre of a pixel. Any pixel can be a conductor or a dielectric. Between any two adjacent voltage nodes (say Vi,j and Vi+1,j ) there are two dielectrics in series, each of size

h by h/2 by L where L is the length of the transmission line. 

Although it is perhaps a fiddle, can this not be considered as two capacitors in series? Clearly, the two dielectrics exist in series, but there are no metal conducting plates on the dielectrics sides, so perhaps this is not a valid assumption. Assuming for one moment it is valid assumption (it’s the best I can do), two capacitors of capacitance 
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are formed. The two capacitors are in series, so the total capacitance between the two voltage nodes is:
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So the capacitance between the 4 adjacent nodes and node i,j is 

Hence the following circuit represents the circuit:
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Kirchoff’s current law, which states the sum of currents entering a junction are zero. Hence at any frequency f, there are 4 currents, giving:
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If pixel i,j is a dielectic, but an adjacent pixel is metal conductor of fixed potential, then theere is effelctivly only one capacitor, not two in series. This has a value of C=ei,j 

In this case, the capacitance is and not a dielectric

we get a formula for the voltage Vi,j at a pixel i,j in terms of the voltages at the 4 adjacent nodes and the permittivity of 4 adjacent cells as well as the permittivity i,j at the pixel i,j. 

Solve[(eijm1*eij*(vijm1 - vij))/(eij + eijm1) + (eijp1*eij*(vijp1 - vij))/(eij + eijp1) + (eim1j*eij*(vim1j - vij))/(eij + eim1j) + 

    (eip1j*eij*(vip1j - vij))/(eij + eip1j) == 0, vij]
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The x component of electric field, is then given by –dV/dx and the y component by –dV/dy.


The energy Ui,j stored in the voxel i,j is then 


The total energy stored, per unit length (UT)  over the whole transmission line is:


The energy of a capacitor of capacitance C is ½ C V2 hence the capacitance per unit length of the transmission lines is:

However, a voltage of 1V as used in the transmission lines, so the capaciance per unit length, CL is given by:

In the code, V is 1.0 V, so the C-code to calculate the capacitance per unit length in Farads/metre, is 

V[I][j]=(EPSILON_0) …
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Adding these together gives
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