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Rigorous Finite-Difference
Analysis of Transmission Lines

Rigorous Analysis of the
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Negative Sign Convention

These notes assume the negative sign convention.

Wave propagating in the +2z direction.

exp(—jkz)
Permittivity with loss.
E=¢g—jg"
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Calculating Dielectric Constant &,
from Conductivity o and Loss Tangent tan 6

Dielectrics Metals
” ) ~ o
£ =¢,(1-jtand) £ =1+—
J&,
Example: ABS @ 5.0 GHz Example: Copper @ 5.0 GHz
gi=2.5 o =5.8x10" S/m
tan~é20.005 . . P 5.8x107 S/m
& =(2.5)(1-t0.005)=2.5-0.0125 " j2;z(5.0x109 571)(8'854“0712 F/m)
=1-2.1x10*
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The Eigen-Value Problem

Using the finite-difference method, transmission lines are analyzed using
rigorous hybrid mode analysis of waveguides. The eigen-value problem is

:PQ
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Calculating the Other Field Components

The eigen-vectors contain only the e, and e,,. The magnetic field components
h, and By are calculated as

From here, the z components e, and h, are calculated according to
e. =g (Dﬁ,ﬁ , D;ﬁx)
lAiz = "‘;zl (D;ey _Dj/ex)
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Post-Processing of the Field to
Calculate the Transmission Line
Parameters

Calculating Voltage on Line

To calculate the voltage across the line, perform a line integration from
conductor to conductor.

V, :j‘an’z
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Calculating Current on Line

To calculate the current in the line, perform a closed-contour line integration
around one of the conductors.

magnetic field before calculating
the current I or the result will have
the incorrect amplitude and phase.

[0 — @ H o d( Don’t forget to denormalize the
L

N
_j770

H=
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Characteristic Impedance Z; and
Complex Propagation Constant y

The characteristic impedance Z, is simply

7 b
]O

The complex propagation constant y is calculated from the eigen-value as

7/:k07
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Intermediate Parameters X and A4

Recall from transmission line theory how the characteristic impedance Z; and
complex propagation constant y were calculated from the transmission line
parameters R, L, G and C.

X =R+ joL X

Z,=.— y =~ XA

A=G+ joC N4

Given Z, and v, it is possible to calculate X and A by solving the above
equations for these variables.

X =yZ, A:7/Zo
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Distributed Parameters R, L, G, and C

Given the intermediate parameters X and A, the distributed transmission line
parameters are

G=Re[4]= Re{zl}

0

R=Re[X]|=Re[rZ,]
I Im[X] Im[yZ,]

@ @

.. _ Im|[ A] _ Im|y/Z,]
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Analysis Steps (1 of 2)

Step 1 — Perform rigorous finite-difference Analysis

Step 2 — Calculate applied voltage V,
b — —
Vy=[Eedi
Step 3 — Calculate current in line I,
1, = S[)FIOdZ
L
Step 4 — Calculate characteristic impedance Z,,
o

Z, ==
0 [0
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Analysis Steps (2 of 2)

Step 5 — Calculate intermediate parameters

X=yZ,
A=2
V4

0

Step 6 — Calculate distributed parameters

R=—-Re[X]
I Im[X]
(]
G =—Re[A4]
co Im[ 4]
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