LAB 3

RADIO FREQUENCY AND MICROWAVE CIRCUIT DESIGN
MICROWAVE LOWPASS FILTER
1. Introduction
A low-pass filter is a filter that passes low frequencies well, but attenuates (or reduces) frequencies higher than the cutoff frequency. The actual amount of attenuation for each frequency varies from filter to filter. It is sometimes called a high-cut filter, or treble cut filter when used in audio applications.

A high-pass filter is the opposite, and a bandpass filter is a combination of a high-pass and a low-pass.

The concept of a low-pass filter exists in many different forms, including electronic circuits (like a hiss filter used in audio), digital algorithms for smoothing sets of data, acoustic barriers, blurring of images, and so on. Low-pass filters play the same role in signal processing that moving averages do in some other fields, such as finance; both tools provide a smoother form of a signal which removes the short-term oscillations, leaving only the long-term trend.

2. Butterworth Filter
Lowpass Butterworth filter is design by using a T network shown in Figure 1.
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Figure 1: T network Butterworth Filter

For the cutoff frequency, c = 1,  parameter g values are:


 g0  =  gn+1 = 1








                               (1)

n is given as: 









                               (2)

s is the attenuation at frequency,  . n must be a round integer.
The g parameter has to be change to inductor and capacitance values. This given as: 




 
k is odd
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k is even
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Zo is the source and load impedance.

The circuit is design in microstrip form by replacing the calculated passive component values into the following element:-
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Shunt capacitor
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3. Example of Calculation
Design a Butterworth lowpass filter with a cutoff frequency of 1 GHz at 3dB and attenuation level greater than 20 dB at 2.5 GHz. The filter is design on the printed circuit board with a dielectric constant, r =2.5 and impedance Z0 =50
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Firstly, calculate the value for n




Therefore n is chosen to be 3. Using equation (1), the g parameters are calculated as shown in Table 1. 

Table 1: Calculate g parameters 

	k
	gk

	1
	1

	2
	2

	3
	1


Next the g parameters value need to be change to inductor and capacitor values. By using equations (3) and (4), the passive components values are calculated as:









The filter’s circuit is design as shown in Figure 2.
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Figure 2: Filter circuit design
The element length is calculated by using equation (5) and (6).




For inductor, the characteristic impedance, Z01 of 100
[image: image2.wmf]W

 is chosen




The width of the microstrip inductor is calculated by 
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and microstripZ01 = 25
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 for capacitor, therefore



The width of the microstrip capacitor is calculated as:
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The filter is design as shown in Figure 3.
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Figure 3: Microstrip filter design

4. Assignment
Design a lowpass Butterworth filter with a cutoff frequency of 1.5 GHz at 3 dB and attenuation 30 dB at 4 GHz. The thickness of the PCB is 0.78mm and r=2.5. Simulate the circuit by using ADS. Optimize the circuit to obtain a perfect design.
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