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All voltages, currents, and impedances are written in the frequency domain.  Assume uniform loss less transmission lines.  “Uniform” defines that the cross sectional geometry and lengths of line 1 and 2 are equal.  “Loss less” implies that the voltage drop due to series inductance is much greater than series resistance and the displacement currents between each line and ground is much greater than the conduction currents.  Therefore, we will only consider reactive elements.  Also due to uniformity,
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Define: 

Where,
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Apply KVL:
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Let (z (0 and substitute –I1 = I2 to give differential equation (1):

Apply KCL:
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Using a similar method as above we get differential equation (2).
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Now, we return to the definition of Zdiff.  Differentiate the with respect to “z” assuming that Zdiff is a constant along the length of the line.  
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Therefore, the equation for the differential impedance (Zdiff) is,

Now, we must recognize that field solvers for a two-conductor line give matrix elements in terms of conductor 1 and conductor 2.  Innoveda’s Crosstalk Field Extractor (XFX) defines a multiconductor transmission line with two signals and ground as,
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Here we have defined the even mode impedance (Ze) and the odd mode impedance (Zo) in terms of the per-unit-length parameters of a transmission line.  We must now determine the relationship between XFX’s per-unit-length parameters and the ones we defined. We can relate the parameters defined earlier to the parameters given by XFX as,
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Substituting these into the equation for Zdiff, we get
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