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Parallel‐plate Transmission Line
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Surface Waves – TM Modes

Inside dielectric

Outside dielectric

Assume the form:

Dispersion relations
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Surface Waves – TM Modes: Solutions
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Solution is found at intersection of curves

First TM mode is TMo mode

Cutoff frequencies for TM modes are given by:

Surface Waves – TM Modes: Solutions
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Surface Waves – TE Modes: Solutions
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After matching the 
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Solution is found at intersection of curves

Negative values of hmust be excluded

Cutoff frequencies for TE modes are given by:

Surface Waves – TE Modes: Solutions

hd

kcd
-π -π/2 ππ/2

TM0, TE1, TM1, TE2, TM2

Modes will occur in the following order:
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ε

Microstrip

Need to determine characteristic 
impedance Zo and effective permittivity εe
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ε

Microstrip – Analysis Equations
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Microstrip Analysis & Synthesis Equations
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Microstrip
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Microstrip

Stripline

Electric Field Configuration

Consequence: Wave propagation in stripline is 
closer to the TEM mode of propagation and the 
propagation of velocity is approximately  c/  εr .
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Coplanar Waveguide
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Coplanar Strips
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Characteristic Microstrip Coplanar Wguide Coplanar strips

εeff* ~6.5 ~5 ~5

Power handling High Medium Medium

Radiation loss Low Medium Medium

Unloaded Q High Medium Low or High

Dispersion Small Medium Medium

Mounting (shunt) Hard Easy Easy

Mounting (series) Easy Easy Easy

* Assuming εr=10 and h=0.025 inch

Qualitative Comparison
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Ideal channel

Dispersive channel

2 f LCβ π=

2 ( )fh fβ π=

1velocity
LC

=

( )velocity g f=

 /Phase velocity ω β=
1

 dGroup velocity
d

β
ω

−
⎛ ⎞= ⎜ ⎟
⎝ ⎠

Dispersion & Velocities


