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Section 1 Introduction to modern filter theory

Starting with a 3rd order Butterworth low-pass prototype, design a Bandpass filter with 
a bandwidth of 10 MHz and bandwidth of 500 kHz.  Use a pair of lumped-element 
equivalent quarter-wave sections to transform the series elements to a parallel reso-
nant tuned circuit.  Design the filter for 200 ohm impedance and design a set of trans-
formers for each end of the filter to use it in a 50 ohm system.

Design a 3rd order 0.5 dB ripple low-pass filter with 50 ohm termination impedances, 
for a cutoff frequency of 2.5 GHz.

Check your designs by simulating them using SPICE.  Use the Spice transmission line 
element.

Section 2 Microwave filters

Now, replace the series inductor with a shunt capacitor and two quarter wavelength 
transmission lines.

Next, sketch a microstrip layout for the filter for a circuit board material with er = 2.55 
and thickness of 0.031”, using the information in the table on page 143, section 3.7 of 
Pozar.

Section 3 Microwave bandpass filters

Scale the 10 MHz bandpass filter you designed in section 1 to a center frequency of 
5.7 GHz.

Now, replace each component of the filter (inductor, capacitor, or lumped equivalent 
transmission line) with an equivalent component made out of a piece of microstrip.  
Use a mixture of open and short-circuited microstrip lines, and discuss the advantages 
and disadvantages of each.  Use the Smith Chart to design the transmission line Ls 
and Cs.

Section 4 Microstrip system design

Sketch a microstrip circuit board layout that includes an image filter at 5.7 GHz, an LO 
filter at 5.2 GHz, and a lumped-element IF band-pass filter at 500 MHz, connected to 
the three ports of a microwave mixer.

What could you change in your low-frequency lumped element design to make scaling 
to the microwave filter more convenient?


