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Why Use Filters? 

 Detection of a wanted signal may be impossible if 
unwanted signals and noise are not removed 
sufficiently by filtering  

 Electronic filters allow some signals to pass, but 
stop others 

 To be more precise, filters allow some signal frequencies 
applied at their input terminals to pass through to their 
output terminals with little or no reduction in signal 
level 
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Ideal Filter 

Response 



Filter Terminology 
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 Passband: Range of signal frequencies that are allowed to 
pass through a filter, with little or no change to signal level 

 Passband cutoff frequency: Passband edge where there is a 
3 dB reduction in signal amplitude (half-power point) 

 Stopband: Range of signal frequencies that are reduced in 
amplitude by an amount specified in the design, and 
effectively prevented from passing, is called the stopband  

 Transition Zone or Skirt Response: Range of frequencies in 
between the passband and the stopband where the 
reduction in signal amplitude (also known as the 
attenuation) changes rapidly 

Practical Filter Response 



Common Types of Filters 
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Lowpass Highpass 

Bandpass Bandstop 



Passband and Stopband Response 
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Analog Filter Normalization 
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 A normalized filter is one in which the passband cutoff 
point is at = 1 rad/s 
 Better than 1 Hz to remove 2 factor in calculations 

 Passive filters are normalized for a 1  load 
impedance 

 The reason for normalization is to make the 
calculation of values simple  

 Passive analog filters can be designed using the tables 
of normalized component values 
 One set of normalized component values can be used to 

design passive lowpass, highpass, bandpass, and bandstop 
filters with any load impedance 

 



Design with Normalized Analog Filters 
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 Select the type of response required 

 Determine the filter order using the frequency 
response graphs 

 Use normalized analog filter tables to obtain a set 
of normalized component values  

 Scale the obtained normalized component values 
for the frequency, impedance, and frequency 
response (lowpass, highpass. etc.) as required 



Bessel Response 
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 Bessel response is smooth in the passband, and 
attenuation rises smoothly in the stopband 

 Stopband attenuation increases very slowly until the 
signal frequency is several times higher than cutoff point 

 Far away from the cutoff point the attenuation rises at 6n 
dB/octave, where n is the filter order and an octave is the 
doubling of frequency.  

 For example, a third-order filter will give an 18 
dB/octave rise in attenuation 



Bessel Response 
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 Natural cutoff frequency for the Bessel response is 
that which gives a 1 s delay 

 This is not a constant value, but depends on filter order  

 To simplify design, Bessel response can be scaled 
to give a 3 dB at =1 for all filter orders 

 Scale frequency components of the transfer function 

Normalization Factors 



Bessel Response 
10 

 Attenuation vs. frequency for different order 



Bessel Normalized Lowpass Filter 

Component Values 
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 Bessel LC Values Rs =  or Rs = 0 



Bessel Normalized Lowpass Filter 

Component Values 
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 Bessel LC Values Rs = 1 

 



Bessel Normalized Lowpass Filter 

Component Values 
13 

 Bessel LC Values Rs = 2 



Bessel Response Filter Examples 
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 Fifth-Order Lowpass Rs 1 

 

 

 

 

 Fifth-Order Lowpass Rs 1 

 



Bessel Response Filter Examples 
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 Sixth-Order Lowpass Rs 1 

 

 

 

 

 Sixth-Order Lowpass Rs 1 

 



Butterworth Response 
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 Butterworth response has a smooth passband and 
a smooth increase in stopband attenuation.  

 It differs from Bessel response in that the attenuation in 
the stopband rises by 6n dB/octave almost  immediately 
outside the passband 

 
Example: For 60dB attenuation at 3x cutoff  

Frequency, the =3 axis and 60dB attenuation  

axis cross at a point midway between the 

curves of n = 6 and n = 7. Choose order=7. 



Butterworth Response 
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 Butterworth passive lowpass filters have a ladder 
network of series inductors with shunt capacitors 
at their connection nodes 

 First component in this ladder can be either a series 
inductor or a shunt capacitor 

First Component is Shunt C 

First Component is Series L 



Butterworth Normalized Lowpass 

Component Values 
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 Butterworth LC Values Rs =  or Rs = 0 

 



Butterworth Normalized Lowpass 

Component Values 
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 Butterworth LC Values Rs = 1 

 



Chebyshev Response 
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 Chebyshev response has ripples in the passband but a 
smooth increase in stopband attenuation.  
 By allowing the passband response to have ripples, the stopband 

attenuation rises sharply just beyond the cutoff frequency.  

 Further beyond the cutoff frequency, the attenuation rises 
by 6n dB/octave, which is the same as the Butterworth.  
 However, for a filter of equal order measured at the same frequency, 

a Chebyshev response will produce more stopband attenuation 
because of the sudden rise in attenuation immediately beyond the 
cutoff point. 

 Graphs are for different  

     passband ripples 



Chebyshev Response 
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0.01dB Ripple 0.1dB Ripple 0.25dB Ripple 

1dB Ripple 0.5dB Ripple 



Chebyshev Tables: Equal Source and 

Load Impedances  
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Chebyshev Tables: Zero or Infinite 

Source Impedances  
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Formulae for Passive Lowpass Filter 

Denormalization 
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 In practice, the design would be scaled for 
impedance and frequency in one step, by 
substitution of values into the given formulae: 

 

 

 L* and C* are the normalized lowpass component 
values, while L and C are the final values after scaling 



Analog Filter Design Example 
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 Design a fourth-order lowpass filter with 600 load 
impedance and a cutoff frequency of 3.4kHz for telephone 
band speech. The filter is to be driven from a O source 
(an ideal op-amp) and a 0.1 dB ripple Chebyshev response 

 From tables, normalized component values are L1’= 1.51567; C2’ = 
1.77396; L3’ = 1.45978; C4’ = 0.67474.  

 The apostrophe indicates that ladder network begins with a series 
inductor 

 Scaled component values for this filter are: L1 = 42.57mH; C2 = 
138.4nF; L3 = 41.0mH; C4 = 52.64nF. 

 

 

 

 



Assignments 

 Design a 5th order Butterworth low pass filter 
with 1k load impedance and a cutoff frequency 
of 10 kHz for telephone band speech. The filter is 
to be driven from a O source (an ideal op-amp).  

 Repeat the above problem for a Bessel filter.  
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