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ME1000 RF Circuit Design
Tutorial 1
Advanced Transmission
Line Theory
(Solution)
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.  

The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement. 

For further information, see the Courseware Product License Agreement.
​​​ Question 1
(a)  Describe the 4 propagation modes in a waveguide/transmission line.
Solution
TEM (Transverse Electric and Magnetic) mode, TE (Transverse Electric) mode, TM mode and Hybrid mode.  Also draw a diagram for each mode illustrating the presence/absence of certain field components
(b)
Under what conditions is an interconnection considered a transmission line with propagation effect?

Solution

When the interconnection has at least TWO conductors, and its physical length is long as compared to the shortest wavelength encountered in the system.  By long in this context we are implying the physical length should be greater or equal to 10% of the shortest wavelength.  More conservative requirements fixed this limit at 5%.

Question 2

Explain why TEM propagation mode is preferred over TM, TE or mix modes?

Solution

When a transmission line supports TEM mode, we can define unique transverse voltage and current (Vt and It).  This is vital for transformation of the physical structure into equivalent electrical circuit.  Moreover, TEM propagation mode has no cut-off frequency, hence it is the dominant mode whenever this mode is supported.  Finally TEM propagation mode is non-dispersive, thus it is suitable for transporting wideband signals such as digital pulses.

Question 3

A parallel plate waveguide has the following cross sectional dimensions: W=25.0 mm, d = 1.6 mm.  The dielectric between the conducting plates has a dielectric constant of 4.2 and is non-magnetic.  Find:
Solution
Note that: 
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(a) Cutoff frequencies for TM1 and TE1 modes.
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  (you need to show the detailed calculations)
(b) Characteristic impedance for TEM mode.
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  (Assume lossless Tline).
(c) Propagation velocity for TEM mode.
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(d) Group velocity for TM1 and TE1 modes at a frequency of 50.0 GHz.
Group velocity is defined as 
[image: image5.wmf]b

w

d

d

g

v

=

.  It is the velocity of the ‘signal envelope’ for a narrowband modulated sinusoidal waveform in telecommuncation, see any telecommunication textbooks for further description.  Group velocity corresponds to the energy transport velocity of the EM fields.  See the book by R. E. Collins, “Foundations for microwave engineering”, 2nd edition, 1992, McGraw-Hill for more information.

Since 
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  (Show details of the differentiation)

At f = 50 GHz, 
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  (can you explain why frequency needs to be 50 GHz ?)

(e) Assuming the conducting plate to be copper, with conductivity 5.76(107 S/m and the dielectric to be lossless, determine the low loss RLCG parameters for the parallel plate waveguide under TEM mode propagation.  Assume operating frequency at 2.4 GHz.

At f = 2.4GHz:
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Note: This question is an exercise on using the various formulae associated with the distributed model of a transmission line.

Question 4 (Extra)

A coaxial cable consists of an inner and outer conductor.  The dielectric between the conductors has a dielectric constant of 2.3 with negligible loss.  The diameter of the inner conductor is 1.0 mm while the inner diameter of the outer conductor is 3.0 mm.  Find:

(a) The cutoff frequency for TE11 mode.

(b) Assuming the inner and outer conductors to be copper, with conductivity 5.76(107 S/m and the dielectric to be lossless, determine the low loss RLCG parameters for the coaxial cable under TEM mode propagation at 2.4 GHz.

(c) Draw the equivalent low frequency electric circuit for this transmission line if the length is 30.0mm.  Estimate the highest usable frequency for this equivalent circuit.

Solution
See the reference book by D. M. Pozar’s “Microwave engineering”.  This question requires knowledge of the solution of Laplace’s equation in cylindrical coordinate system.  Knowledge of Bessel and Neumann’s function are essential here.

Question 5

Design a 50( microstrip line on a printed circuit board (PCB) with alumina substrate.  Assume the dielectric constant of the PCB to be 8.0, and the thickness of the dielectric to be 0.8 mm.  

Solution
By design it means we want to have all the information needed to construct the transmission line.  Here we know the dielectric thickness, the dielectric property (r and (r.  Assume very thin conductor, then the only information still lacking is the trace width.  To find this, the most direct way is the trial-and-error approach using the design equation for microstrip line in the notes.  This is shown below using MathCAD.  You can also try this out using Excel, Matlab or other open source mathematic computation software such as SciLab.  Of course you can also use ADS and Ansoft Designer’s synthesis tool, AppCAD etc etc, but I recommend to try ‘hand-calculation’ to get the idea before relying on software.
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Another way is to plot Zc(TEM) versus W/d (trace width versus dielectric thickness ratio) curve and find the W/h ratio where Zc(TEM) becomes 50Ω.  Upon knowing the required W/d ratio, effective dielectric constant (eff can be determined from the design equations. Phase velocity vp, C and L can then be calculated accordingly from,
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Microstrip line only supports quasi-TEM mode, and this is only valid provided ( is larger than 20d (rule-of-thumb).  Using this fact we can calculate the upper frequency limit, fcritical for the microstrip line.  


[image: image17.wmf]d

p

v

f

p

v

f

d

20

20

<

Þ

>

=

l


Again this calculation is done using MathCAD:
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So the transmission line can be used up to around 7.7 GHz before higher order modes set in.  Finally, bear in mind that 
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.  With this we can easily find the required physical length.

Question 6

What is a dispersive transmission line?  List down the precautions taken to reduce dispersion in a transmission line.  Briefly explain the ‘mechanism’ of each precautions.
Solution
A transmission line is dispersive when the phase velocity vp is a function of frequency.  To reduce dispersion, we can a) Reduce the loss associated with dielectric and conductor b) Enforce TEM propagation mode or at least quasi-TEM propagation mode.

Question 7

When will the characteristic impedance Zc of a transmission line be a complex quantity and what is its effect on electrical signal transmission?

Solution
When there is loss in the dielectric and conductor, characteristic impedance Zc becomes complex.  EM fields, or the electrical signals (e.g. Vt and It) travelling along the Tline will be attenuated.

Question 8

Design a 50( co-planar transmission line on a piece of single-sided printed circuit board with (r= 4.6, and thickness = 1.57 mm.  Assuming the transmission line is lossless and the propagation mode is quasi-TEM, find the per-unit-length L and C for the transmission line.  Suggest a way to find all the RLCG parameters if the dielectric is lossy and the conductor is not a perfect electric conductor (PEC).

Solution
Again by design means we want to have all the information needed to construct the transmission line.  What we lack here is the information on the trace width and the spacing between the trace and the adjacent ground plane.  For this question we use the design equation from the lecture slides for co-planar transmission line.   The calculation using MathCAD is shown below.
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x is the ratio of W/a, the trace width over conductor separation ratio for

a co-planar.  Here we assume the dielectric is sufficiently thick (ungrounded

co-planar case).  This ratio must be within 0 and 1.
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If the transmission is lossy (e.g. dielectric and conductor have substantial polarization loss and skin effect loss), we could use the Perturbation Method to get an estimate of the per unit length RLCG values.  Assuming the loss is small, we would expect the electromagnetic (EM) field for the lossy and lossless case to be fairly similar.  Thus we first assume the transmission line is lossless and the propagation mode is TEM, from its crossection we can find the EM field pattern (see lecture slide on TEM mode to get an idea how this is done analytically and in commercial software).  From this EM field RLCG parameters can then be computed (again see lecture slide on the relevant equations).  Since this approach assumes the actual lossy EM field pattern for the transmission line only differs slightly from the lossless condition, it is termed Perturbation Method.
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