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About waveguide ports II 
 
Numeric ports- an example 
 
This is the second of a series about using waveguide ports in Comsol. These notes supplement 
the examples shipped with your Comsol installation. 
 
Numeric waveguide ports are used when the transmission line does not have available analytic 
ports. Comsol has analytic ports for three cases: rectangular, circular, and coaxial. As an example 
of a numeric port, we consider a ridged waveguide (shown below). The exterior dimensions are 
the same as a standard X-band waveguide. Adding a ridge decreases the cutoff frequency of the 
fundamental mode and increases the bandwidth.  
 
 

 
 
Boundary mode analysis 
 
Boundary mode analysis determines the mode shape (the electric field on the port boundary). A 
boundary mode analysis is a particular kind of eigenmode calculation- it finds the eigenmodes 
that correspond to a wave propagating in a direction normal to the port. There are an infinite 
number of possible modes at a port. Typically only a few of the modes are of interest, possibly 
only the lowest (or fundamental) mode.  
 
We are interested in modes propagating in the x direction. Separation of variables is used in the 
mathematical analysis of waveguide modes. The x dependence is assumed to be that of a wave 
propagating in the x direction, that is, the electric field is assumed to have the form 
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 a particular waveguide shape. 
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 have forms similar to  
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This eigenvalue equation has an infinite number of solutions or modes. Only particular values of 
the quantity )( 22   correspond to solutions that satisfy the boundary condition on the 
waveguide walls. This quantity )( 22   is constant for a particular mode, so the 
wavenumber  in the direction of propagation changes with frequency. Specifically,  is zero at 
the cutoff frequency for that mode and increases above the cutoff frequency.   
 
So how can we specify or identify a particular mode? One way to do this is by the wavenumber 
in the direction of propagation . The largest value of  corresponds to the lowest mode (the 
solution with the most negative value of the quantity )( 22  . The largest possible value of 
 corresponds to a wave propagating at the free-space velocity, that is, ) .  
 
Comsol offers two ways to specify the region to be searched for waveguide modes. The default 
option is the effective mode index, which is the ratio between the wave propagation velocity v 
and the free-space propagation velocity (that is, index = )/ v . So the lowest or fundamental 
mode will have a mode index closest to unity.  
 
The other option is to specify the wavenumber in the direction of propagation . Some versions 
of Comsol may not show the unit for this wavenumber. The default unit is radians/ meter.  
 
What if we want to specify a non-fundamental mode? Comsol offers a number of options to 
choose the number of modes to be searched for and the region in which to search. If you are 
interested in a non-fundamental mode, it may be useful to search for several modes, identify the 
mode of interest, and then to narrow the region of search so that the mode of interest is isolated. 
Some examples of higher-order are presented below for the particular case of a ridged 
waveguide. 
 
Fundamental mode of the ridged waveguide 
 
The fundamental mode can be found using the default settings for the boundary mode analysis as 
shown below.  
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The only parameter that needs to be specified is the mode analysis frequency, here set to 10 
GHz. The resulting boundary mode is shown below. This mode (not surprisingly) is very similar 
to the TE10 mode that is the lowest mode of a rectangular waveguide. Note that Comsol has 
reported the effective mode index, which, as expected, is less than but close to one.  
 

 
 
Now suppose we perform the same search for the lowest mode at a higher frequency (20 GHz). 
The result in shown below 

 

 
The plot looks the same, because this is the same mode. The only difference is the reported value 
for the effective mode index. As the frequency increases, the mode velocity gets closer to the 
free-space velocity, so the mode index becomes closer to one.  
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Higher modes of the ridged waveguide 
 
To find higher modes, we increase the number of modes searched for, as shown below 
 

 
 
Now when we plot the mode shape, we have a choice from the modes found, as shown in the 2D 
plot properties 

 

 
Some of these modes have imaginary mode indices, indicating that they decay exponentially in 
the direction of propagation. The mode index closest to one corresponds to the fundamental 
mode. The next mode is similar to a TE20 mode 
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and the next mode above that is like a TE01 mode 

 

 
Mode cutoff 
 
We can use Comsol to find the behavior of the fundamental mode above and below the cutoff 
frequency. To do this we define a parameter freq and insert this parameter name in the Boundary 
Mode Analysis properties.  
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Peforming a parametric sweep of freq yields the following plot 

 

The quantity emw.beta_1 is the wavenumber in the direction of propagation and is available for 
use in plots. The wavenumber in the direction of propagation becomes imaginary below cutoff, 
because the wave is exponentially attenuated. 
 
(We didn't really have to sweep frequency, because in a lossless waveguide the dependence of  
on frequency for a particular mode is known analytically. In waveguides with losses or 
frequency-dependent materials this kind of calculation would be more useful).  
 
Wave propagation with numeric ports 
 
Finally let's simulate the propagation of the fundamental mode. The result is as shown below 
where we have used slice plots at the input and output ports to show the mode shape. 
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There is an important caution here. If we request more than one mode when we do boundary 
mode analysis, Comsol uses the first mode it found for a subsequent frequency domain 
simulation. As discussed in the first of this series, using the wrong mode at the output port can 
result in nonphysical results.  
 
 
 
 
 
 
 


