ECE 6340

Fall 2004

Project

Instructions 

This project is due on the last day of class (Thursday, Dec. 2). Please work individually on the project. You will be graded on the accuracy of your derivation and results, and on the neatness and quality of your write up and results. Please use good scales and labeling when you plot your results so that the plots are easy to read and look nice. 

Problem Description

A microstrip line is shown below. The line extends to infinity in the ( z directions. A signal generator is attached at z = 0 with the polarity shown. The signal generator applies a voltage source that is 
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Note that Vs (t) is not the same thing as the transmission line voltage Vi (t) at the input (z = 0). However, input voltage at z = 0 can be easily found from the source voltage as 
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. (Can you justify this? )

Formulation

Calculate the transmission line voltage V(z, t) at a point  z > 0, giving enough details to make the derivation complete. However, you do not need to re-derive anything that is already derived in the class notes. 

Results (frequency domain)

1. Plot the characteristic impedance versus frequency from 0 to 100 GHz. 

2. Plot the effective relative permittivity versus frequency from 0 to 100 GHz. 

3. Plot the phase and group velocities versus frequency from 0 to 100 GHz.

4. Plot the conductor attenuation 
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and the dielectric attenuation 
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 versus frequency from 0 to 100 GHz.

Results (time domain)

1. Plot (on the same graph is possible) the transmission line voltage V (z, t) versus z for t =0.1 [ns], 0.2 [ns], 0.4[ns], and 0.8 [ns]. (Note: ns = nanosecond.) 

2. Repeat part (1) above assuming no dielectric or conductor losses. 

3. Repeat part (1) above assuming only dielectric losses. 

4. Repeat part (1) above assuming only conductor losses. 

Validation

It is strongly recommended that you validate your numerical integration by first calculating the pulse propagation for a lossless line (
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). In this case, the pulse should propagate at the phase velocity without changing shape. 

Extra Credit

You are invited to include other results in your report as well as those required above, for extra credit. Any results you wish to include are fine. Here are some possible suggestions:

1. Plot the conductor attenuation constant versus w/h (allowing w to be a variable now). To get a result that is independent of frequency, you can plot the attenuation constant 
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 normalized by the factor 
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2. Plot the dielectric attenuation constant versus w/h (allowing w to be a variable now). To get a result that is independent of frequency, you can plot the attenuation constant 
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 normalized by the free-space wavenumber
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3. Plot the pulse versus time for various distance z (instead of plotting versus z for various times, as required above). 

4. Obtain results for a different strip width, such as w = 1 mm. 

MICROSTRIP GEOMETRY
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DIMENSIONS: 
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 (loss tangent of substrate) 

h = 1.0 [mm]

w = 3.0 [mm]

t = 0.018 [mm] (corresponding to 0.5 oz copper /ft2 for the copper cladding)
( = 3.0 ( 107 [S/m]  (for copper conductors)

APPROXIMATE DESIGN FORMULAS 

Note: In these formulas, (r is the real part of the complex effective permittivity. That is, 
[image: image14.wmf]r

e

 denotes 
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Phase constant
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where the “effective relative permittivity” is 
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Characteristic impedance
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where
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Conductor loss

Note: in these formulas, 
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 is taken as 
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where
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 (This is the skin depth, assuming the metal is nonmagnetic).

Dielectric loss
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where the “filling factor” q is 
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