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Abstract

An electronic filter is a circuit that is designed to only allow specific frequencies to be
useable, while blocking unwanted frequencies. Commonly, passive elements (resistors,
inductors, and capacitors) are used to make filters. However, these types of filters are not as
useful when dealing with higher frequencies. An elliptical dual mode waveguide can act as a
passband filter for higher frequencies.

There are two types of elliptical filters, canonical and longitudinal. The main difference
between the two is the the orientation of the elements. A longitudinal waveguide has the
elements move linearly through the cylinder whereas a canonical waveguide goes through the

center iris of the cylinder and then comes back. The figures below show the two types of filters.
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Figure 1 A four element longitudinal filter (left) and a six element canonical filter (right) [1]



Introduction
An elliptical filter is a filter that is most useful due to its steep transition between the
passband and stopband. Other filter types such as a Butterworth or Chebyshev filter will require

a high order filter to achieve a steepness similar to an elliptical or Cauer Filter. However, the
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Figure 2 Fifth order low pass filters

higher quality factor in

comparison to rectangular resonators.
The basis for the design comes from a
patent filed on October 10, 1972. A

design included in the patent is seen in

figure 3 [2].
8 Figure 3 Plural cavity bandpass waveguide filter patented in 1972
by Bruno Blachier and Andre Champeau



Figure 4 Design of the canonical filter, front view of “first can (left) side view (center) and front view of second can (right)

Design Process

To build an elliptical filter you must start by using a cylindrical object that has a wall
dividing two equal halves. Because of its cost, two soda cans were recommended for the project.
The diameter of the cylinder determines the frequency of the passband. A soda can has a
diameter of 2.5 inches which allows a frequency of approximately 2.9 GHz to pass.

For a canonical waveguide, the center wall must have a plus sign cut out of it. This will
allow the wave to pass through only if it matches the slit (side ways or up and down). Slits
sideways and up and down are needed because when element one passes to the other side its
orientation is opposite of the orientation of element three passing back to the first half. In a
longitudinal waveguide, only one slit is needed because only element two passes to the other
half.

On the first can, two screws and two co-axial cable connectors are needed. The
placement of these is shown in figure 4. It is recommended that two nuts for each screw be used
to hold the screws in place while tuning. The first nut should be attached to the outside of the
can over the hole and the second screwed in to keep the screws in place when tuning is complete.
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The second can needs three screws for the canonical design. The screws placed 90

degrees apart tune the frequency of modes two and three, while the screw placed between the



other two screws couples those two modes. When tuning, this screw will combine the peaks
caused by these two modes.

If using a soda can, the connectors will likely prove to be the most difficult part. They
will likely dent the can slightly which will ruin the cylinder and the filter will not work properly.

This is why a second filter was attempted (discussed later) that would be more stable.

Figure 5 Soda can canonical waveguide filter 2.5 diameter

Figure 5 above shows the final design using two soda
cans. Typically waveguides are made from metal that have low
bulk resistivity [3]. It was recommended that brass screws be
used for this design. Metal tape was used to attach the connectors
and nuts to the can over each hole. The design worked as it was
supposed to and did yield a passband at the frequency expected.

A second waveguide was attempted using coffee cans. It

was designed exactly the same way as the soda cans but did not

yield expected results. The likely problems was the size of the

. o . . Figure 6 Coffee can waveguide filter 4" in
screws, the size of the iris, or the lack of a cylindrical shape. diameter
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The soda can filter worked as expected. Figure 7 on the
right shows the four peaks corresponding to the four
modes. On both sides of the peaks two “zeros” also called
reject notches can be seen. This is what makes the filter so
useful. Through the use of control theory, these zeros are

placed and allow the peaks to occur much more sharp
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Figure 7 Measurements from the Network
Analyzer showing S11 and S21 that shows the

goes up with the increasing number of elements and also

makes the passband more narrow. Jour peaks from the four elements
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Figure 8 Simulations of multiple element dual mode responses (clockwise from top left, 4 elements, 5
elements, 6 elements, and 8 elements
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filter after attempting to tune the screws
and calibrate the machine. All four peaks

were not successfully combined into one

sharp peak but the value of 2.93 GHz did Figure 9 After tuning and calibration of the network analyzer, three

peaks have been combined

have an insertion loss of only -.5749 dB.
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you attempt to combine the left most

peak with the larger peak. The zeros

become much more defined, but the

sharpness of the peaks decrease.

Figure 10 Shows how if left most peak is brought to the right, the one
large peak moves to the right



Conclusion

While the soda can filter was build properly and worked as expected, tuning of the can
was an even greater challenge than expected. Tuning requires a substantial amount of patience
and skill that can only be gained through practice and training. Adjustments to the angle of the
screws may be necessary to achieve proper tuning.

The design for an elliptical filter has been around for more than forty years and is still
useful today. The different variety of filters available are useful for different purposes. A steeper
transition period between the stopband and passband can be incredibly useful but comes at a
cost. This project showed a cheap and effective way to achieve an elliptic bandpass filter for

high frequencies.
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Simulation
I have come across an old paper (today)
by Wai Phyo that showed a simulation
done with lumped elements. After going
through my old EE 185 notes I believe
this can be a Cauer I filter that has one
pole and two zeros. I believe this means
the equation should be: z(s) = (s+a)(s
+b) / (s+c). I remember that the
realization for a Cauer I involved finding
out the value of z(s) when s=0 and
s=infinity. In this case, s=0 yields z=a
constant and s=infinity yields infinity. So
the first element should be an inductor if

this is an LC circuit. So it should be a

series inductor, a shunt capacitor, and finally a series inductor. I know how to calculate the
values using the matrix method but I can’t unless I have an equation for z(s) or y(s). But I was
under the impression this only worked for low frequencies so I don’t think this would be the

proper way to simulate. My best guess would be that 4 peaks means 4th order filter which

means the numerator should be s"4.
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The way suggested to simulate this most often was with Genesis. A code I found was

f=FREQ/1000

11=14.2

12=17.2

F0=13.7425

Fcoin=7.87

Fcoout=7.87

fco1=9.261

fc02=10.943
Zw1=377/SQR(1-(fcol/H)"2)
Zw2=377/SQR(1-(fco2/H)"2)
Zin = 377/SQR(1-(fcoin/f)"2)
Zout=377/SQR(1-(fcoout/)"2)
WGWL1=300/SQR(f*2-fco1"2)
Tet1=0.5*11*360/WGWL1
WGWL2=300/SQR(f"2-fco2"2)
Tet2=0.5*12*360/WGWL2

At the very least I can tell that FO should be changed to 2.9.
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