
ELG4139: Op Amp-based Active Filters 

Å Advantages: 

ïReduced size and weight, and therefore parasitics. 

ï Increased reliability and improved performance. 

ïSimpler design than for passive filters and can realize a wider range of 

functions as well as providing voltage gain. 

ï In large quantities, the cost of an IC is less than its passive counterpart. 

Å Disadvantages: 

ïLimited bandwidth of active devices limits the highest attainable pole 

frequency and therefore applications above 100 kHz (passive RLC 

filters can be used up to 500 MHz). 

ïThe achievable quality factor is also limited. 

ïRequire power supplies (unlike passive filters). 

ï Increased sensitivity to variations in circuit parameters caused by 

environmental changes compared to passive filters.  

Å For applications, particularly in voice and data communications, the 

economic and performance advantages of active RC filters far outweigh 

their disadvantages. 
 



First-Order Low-Pass Filter 
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A low-pass filter with a dc gain of ïRf /Ri 
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First-Order High-Pass Filter 
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A high-pass filter with a high frequency gain of ïRf /Ri 



Higher Order Filters 
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Single-Pole Active Filter Designs 

High Pass Low Pass 
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Two-Pole (Sallen-Key) Filters 
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Three-Pole Low-Pass Filter 
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Two-Stage Band-Pass Filter 
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Multiple-Feedback Band-Pass Filter 
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Transfer function H(jw)  

Transfer

Function
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Frequency Transfer Function of Filters 

H(jw) 
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Bode Plot 

To understand Bode plots, you need to use Laplace transforms! 

The transfer function of the circuit is:  
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Bode Plot (Single Pole) 
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Bode Plot (Two-Pole) 
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Corner Frequency 

ÅThe significance of the break frequency is that it represents the 
frequency where 

Av(f) = 070.7Ï-45̄  

 

ÅThis is where the output of the transfer function has an 
amplitude 3-dB below the input amplitude, and the output 
phase is shifted by   -45̄  relative to the input. 

 

ÅTherefore, fc is also known as the 3-dB frequency or the 
corner frequency. 



Bode plots use a logarithmic scale for frequency, where a decade is 

defined as a range of frequencies where the highest and lowest 

frequencies differ by a factor of 10. 



Magnitude of the Transfer Function in dB 
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Å See how the above expression changes with frequency: 

ïat low frequencies f << f b, |Av|dB = 0 dB 

Ålow frequency asymptote 

ïat high frequencies f >>f b,  

    |Av(f)|dB = -20 log f/ fb 

Åhigh frequency asymptote 



Real Filters 

ÅButterworth Filters 
ïFlat Pass-band. 

ï20n dB per decade roll-off. 

ÅChebyshev Filters 
ïPass-band ripple. 

ïSharper cut-off than Butterworth. 

ÅElliptic Filters 
ïPass-band and stop-band ripple. 

ïEven sharper cut-off. 

ÅBessel Filters 
ïLinear phase response ï i.e. no signal distortion in pass-band. 



Filter Response Characteristics 



The magnitude response of a Butterworth filter. 

Butterworth Filters 

Magnitude response for Butterworth filters of various 

order with e = 1.  Note that as the order increases, the 

response approaches the ideal brickwall type 

transmission. 



Sketches of the transmission characteristics of a representative even- and odd-

order Chebyshev filters. 

Chebyshev Filters 



First-Order Filter Functions 



First-Order Filter Functions 



Second-Order Filter Functions 



Second-Order Filter Functions 


