ETEN05 Electromagnetic Wave Propagation, 2015
Workshop 5: Propagation in multilayer and band
gap structures
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Aims

In this workshop, you will see how Orfanidis’ matlab script multidiel.m can be
used to compute the reflection response from a multilayer dielectric structure. We
also look at typical results computed by Comsol Multiphysics for a generalization
of this kind of structures to two dimensions.
Feel free to also ask questions on your chosen project. Remember your first task
is to formulate an abstract describing your interpretation of the project and your
intended strategy to solve it.
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Computer experiments from Orfanidis

Download the matlab codes from Orfanidis’ web site (the file ewa.zip), and unpack
in your working directory. There are many, many files, but we will mostly use
multidiel.m, by solving the tasks described in the exercises of Chapter 6. To be
able to use the codes when you run matlab, start your session by running
addpath(’u:\path\to\ewa’);
where u:\path\to\ewa is the path to the directory where you unpacked the files.
First prepare your understanding of the script by going through the code, identify
the major parts of the algorithm described in Section 6.1, and familiarize yourself
with what input is required and what output is generated. Try to cut-and-paste some
of the code given throughout Chapter 6, for instance the one generating Figure 6.2.1
on top of page 189.
• To start with a small task, try computer experiment 6.10, which has a small
number of layers. See detailed instructions in the book.
• Proceed to computer experiment 6.11, which deals with many layers. See
detailed instructions in the book.
Feel free to try some of the other computer experiments, for instance 6.12 regarding
dielectric mirrors.
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Figure 1: Propagation in a 2D periodic structure, with some elements deleted. To
the left: a frequency where the periodic structure blocks propagating waves (inside
band gap). To the right: a frequency where the periodic structure does not block
propagating waves (outside band gap). It is seen that in the left case, a waveguiding
effect is created: this can be used to confine electromagnetic waves to specific regions.
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Bandgap structures in two dimensions

The program Comsol Multiphysics can solve Maxwell’s equations in the frequency
domain. There is an example model that illustrates how a two-dimensional periodic
structure can be manipulated in order to guide electromagnetic waves. This is a
generalization of the one-dimensional periodic structures that can be treated using
multidiel.m, for instance the dielectric mirrors and Fabry-Perot resonators. These
structures are not easily analyzed by pen-and-paper, but are straight-forward for
numerical computations.
Here, we are going to create an animation of the results. For each fixed angular
frequency ω, the program can compute the electric field as a function of space,
E(ω, r). To observe what this corresponds to in time domain, we will make an
animation of E(t, r) = Re{E(ω, r)ejωt } as the time t progresses. This is a periodic
function with a period T determined by ωT = 2π, or T = 2π/ω = 1/f .
The images below are screenshots from Comsol v4.3a.
1. Start Comsol, go to the Model Library and load the photonic_crystal model
(located under RF Module, Optics and Photonics). A brief description of the
physics is available in pdf format (first two pages, the rest describes how to
set up the numerical model and is not necessary here).
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2. The solution has already been computed when you open the model. The next
step is to add a player for the animation: Right-click on Export, and choose
Player.

3. Next, in the frame with settings for the Player, under Animation Editing,
Sequence type, choose Dynamic data extension.
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4. Make sure the Cycle type is Full harmonic, and that you get something like 25
frames, and tick the box Repeat under Playing. You can now press the Play
button, see the screen dump below. The first time you click this there is a delay,
when the program is generating frames plotting Re{E(ω, r)ejωt } for a sequence
of different t, similar to your own previous visualizations of electromagnetic
waves in matlab using the script visualization.m a few weeks ago.

5. To change to a different frequency, click on the Go to source button next to
the Subject under Scene.

5

6. Choose another frequency point (2.5e14).

7. Press plot to see the result.
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8. Go to the Player, and repeat the steps above to see the animation for this
frequency.
If you have time, try to change the geometry, for instance by moving one of the
circles close to the propagation path, or inserting a new one.

