
Unit - VI 

Active filters 

ACTIVE FILTERS: First and second order high pass and low pass filters, band pass filter, band 

stop filter. 

 

******************************************************************************** 

The basic principle  

 

Filters are electronic circuits that pass only a certain range of frequencies and attenuate 

unwanted frequencies  

 

The basic principle in the filter circuit is the concept of voltage divider circuit shown in 

figure. When the filter passes signal with some frequencies and attenuates other unwanted 

frequencies, the output value depends on the values of Z1 and Z2.  Therefore 

 

 
 

Vout is less attenuated when Z2 > Z1, Vout is highly attenuated when Z2 < Z1. To construct an 

active filter a voltage follower is added as shown below. 
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First Order Low Pass Active Filter 

 

The first order low pass filter circuit is constructed by 

using passive RC filter and voltage follower. The resistor 

will have a fixed value, since the reactance of the capacitor 

is the function of frequency it can be varied dynamically.  

The frequency response of the filter is shown in figure. The 

voltage gain of the circuit is  

 

At low frequencies  

• XC1 >> R1 so the gain is approximately 1 

At cut off frequency 

• XC1 = R1 so the gain decreases and attenuation 

starts 

At high frequencies 

• Xc1 <<R1 so the gain further decreases and output 

is severely attenuated  
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For frequencies higher than fc the gain of the circuit falls off at a rate of 20 dB per decade, a fall off 

of 20 dB each time the frequency is increased by a factor of 10. This rate can also be expressed as -

6 dB per octave, which means a fall of 6dB each time the frequency is doubled. 

 

Design  

 

The following design steps can be used   

 

R1 = 0.1VBE / IB(MAX)     � to select small value that no significant voltage drop occurs across it  

       due to the op-amp input bias current. 

R2 = R1      � to equalize the resistance at the op-amp input terminals.   

 

XC1 = R1 at fc 

 

1/2πfcC1 = R1 

 

C1 = 1 / 2πfcR1 

 

For BiFET op-amp  

 

C1 >> Cs � to be much larger than stray capacitance , select C1 = 1000pF 

 

R1 = 1 / 2πfcC1 

 

Second Order Low Pass Filter 

 

The second order low pass filter is constructed by using 

two RC combinations and a voltage follower as shown in 

the figure, the second order operation is achieved by using 

the C1 R2 section together with feedback from the output 

via capacitor C2 to the junction of R1 and R2 . 

 

At low frequencies  

• XC1 & XC2 >> R1 & R2, they have no significant 

effect on the circuit, So, the output voltage is equal to the input, giving a voltage gain of 1. 

At high frequencies 

• XC1 & XC2 << R1 & R2 , C1 effectively shorts the voltage follower input to ground, 

producing ground level at the output , and C2 shorts 

the junction of R1& R2 to ground level through output. 

Consequently, input signals are severely attenuated. 

• The C1 & R2 produce a 20 dB / decade fall of rate as 

the frequency increases, and the feedback via C2 and 

R1|| R2 produces a further fall rate of 20 dB / decade. 

The two attenuating affects together produces a fall 

rate of 40dB / decade.  

The frequency response of Butterworth and chebyshev low pass filter is shown in the figure  



 

The cut off frequency for the second order low pass filter is given by  

 

 

 

 

Design 

The common design approaches are Butterworth, Chebyshev, and Bessel.  

A butterworth filter has a response that rolls off at 40db/ decade.  

A Chebyshev filter has a much sharper initial roll off , but the response curve dips and then peaks at 

the roll of point 

A Bessel filter has a performance similar to a butterworth, but with a slower intial roll-off . 

 

The following design steps can be used to design a Butterworth second order low pass filter. 
 

   Cutoff frequency accuracy 

 

To more precisely achieve a desired cutoff frequency in any 

filter, it may be necessary to select low tolerance components 

and to make some of the components partially adjustable  

 

 

 

 

 

 

 

 

 

 

First order high pass filter 

 

The first order high pass filter is obtained by using the 

passive filter circuit C1 and R1 and a voltage follower as 

shown in figure.  

 

At high frequencies  

• XC1 << R1 so the gain is approximately 1 

At cut off frequency 

• XC1 = R1 so the gain decreases and attenuation 

starts 

At low frequencies 

• Xc1 >> R1 so the gain further decreases at 20 

dB/ decade and output is severely attenuated  

 



The frequency response of first order high pass filter is shown in the figure  

 

The design procedure for the active high pass filter circuit is similar to low pass filter, except that a 

low cutoff frequency is used instead of a high cutoff frequency.  

The highest frequency that the op-amp can pass is an important factor for a high pass filter and this 

can be determined from.f2 = fu / Av ,  where fu is the op-amp unity gain frequency  obtained from 

the data sheet 

 

R1 = 0.1VBE / IB(MAX)     � to select small value that no significant voltage drop occurs across it  

       due to the op-amp input bias current. 

R2 = R1      � to equalize the resistance at the op-amp input terminals.   

 

XC1 = R1 at fc 

 

½πfcC1 = R1 

 

C1 = 1 / 2πfcR1 

 

For BiFET op-amp  

 

C1 >> Cs � to be much larger than stray capacitance , select C1 = 1000pF 

 

R1 = 1 / 2πfcC1 

 

Second order high pass filter 

 

The second order high pass filter is obtained by using 

two RC combinations as shown in the figure. It is 

similar to the low pass filter, except that the resistor and 

capacitor positions are interchanged. 

 

At high frequencies 

• XC1 & XC2 << R1 & R2, hence C1, C2 , R1 and 

R2 have no significant effect on the circuit, 

giving a voltage gain of 1. 

At low frequencies 

• XC1 & XC2 >> R1 & R2, the combined effects of 

C1R1 and C2R2 produce severe attenuation of 

the input.  

• The C2 and R2 produce a 20dB / decade  fall of 

rate as the frequency decreases below fc and 

feedback via R1 and C1 || C2 produced a 

further fall of rate is 20dB / decade.  

• The two attenuating effects combine to produce 

a 40dB / decade fall of rate. 

 



The frequency response of Butterworth and chebyshev low pass filter is shown in the figure for  

 

The following design steps can be used to design a Butterworth second order high pass filter. 

 

 

 

 

Band Pass Filters 

 

Multi-stage band pass filter 

The simplest way of obtaining band pass filter is to cascading a 

low pass filter and high 

pass filter, as shown in 

figure, the low pass filter 

has higher cut off 

frequency, and high pass filter has lower cut off frequency.  

When the low pass filter passes the signal, the high pass filter 

allow the signal to pass only when the frequency is greater 

than its cut off frequency, low pass filter starts attenuating the 

signal when the frequency is greater than its cut off frequency. 

 

 

Single- Stage First Order Bandpass Filter 

 

The single stage bandpass filter can be obtained by adding 

reactive components at appropriate positions in an 

inverting amplifier that in the absence of capacitor the 

circuit will function as inverting amplifier.  

 

The capacitors are selected to have large XC2 large enough to 

be neglected at low frequencies and XC1 is small enough to be 

neglected at high frequencies  

 

 

 

 



At low frequencies  

 

• XC2  is so large that can be eliminated from the feedback path and the resultant equivalent 

circuit is shown in figure. 

• the circuit is an inverting amplifier with a voltage gain of  

 

 

 
 

 

 

 

 

 

 

 



At high frequencies  

• XC1  << R1 , therefore C1 can be eliminated from 

the high frequency equivalent circuit. But, XC2 is no 

longer large enough to be neglected. The resultant 

equivalent circuit is shown in the figure.  

• Once again the circuit functions as an inverting 

amplifier, and its voltage gain is  

 

 
 

 



 

From the above explanation the circuit behaves as a high pass filter for low-signal frequencies, as 

an inverting amplifier for frequencies in the pass band and as a low pass filter for high –signal 

frequencies.  

 

The above circuit is a wide band bass filter. 

 

Wide band and narrow band pass filters 

 

The Q factor of the filter is an important parameter in the band pass filter design and operation . 

 

The Q factor 

• Figure of merit for a filter circuit 

• relates the bandwidth to the center 

frequency 

• Q = fo / BW 

• defines the selectivity of the filter in 

passing the center frequency and rejecting 

other frequencies. 

•  
• Higher the Q factor , more the selectivity  

• Based on the Q factor the band pass filters 

are classified into wideband and 

narrowband filter. Narrow band filters are 

usually classified as those with a Q factor 

greater than 5, while wide band filters have a Q factor less than 5.  

 

Single stage narrow band pass filter 

 

A single stage narrow band bass filter is 

obtained by using additional resistor R4 in the 

single stage band pass filter.  

 

If f1 and f2 of band pass filter are brought 

closer together to narrow the bandwidth, C2 

will affect the lower cut-off frequency and C1 

will affect the higher cut-off frequency. The 

additional resistor R4 will overcome these 

effects. This modification produces larger Q 

factor and narrower bandwidths. 

 

The design of the circuit involves find the R 

and C values using following equations  

 

 

 



 
Band Stop filter 

 

The band pass filter is also known as band reject filter, a band stop filter with a very narrow stop 

band is sometimes known as notch filter. 

 

Low Pass and High Pass filters as band stop filter 

 

 a band stop filter can be constructed by connecting low-pass 

and high- pass filter in parallel, and the outputs are connected 

to the to a summer circuit.   

 

 The low pass filter blocks signal frequency above its cut off 

frequency. 

 

The high pass filter blocks signal frequencies below its cut 

off frequency. 

 

As a result there will be a stop band of certain frequencies  

 

The frequency response of this filter is shown in figure  

 

 

 

 

 

 

 



Bandpass and summing circuit as band stop filter 

 

  

 

 

 

 

 

 

 

 

A band stop filter can also be constructed by using a band pass filter and a summer. The output of 

this filter is sum of band pass filter response and input signal. 

In this case the band pass filter should have a voltage gain of -1, that is, its output must be the 

reverse of the input signal. 

 

During the pass band of the band pass circuit, 

V0 = Vi + (- Vi)   = 0V, this is a voltage at the stop band of band stop filter. 

 

***** 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 



 
 

 
 

 
 

 
 

 
 

 

Figure of Merit : Quantity used to characterize the performance of a filter  

Bandwidth : range of signals that can be passed  

Centre frequency: Measure of central frequency between the upper and lower frequency 

Narrow band : involves narrow range of frequencies  

Wide band : involves Wide range of frequencies  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 


