Passive, Low-Boost Filter


For line level audio signals.





This circuit is designed to boost just the low frequencies of an audio signal.  In actuality, it is attenuating the higher frequencies by a constant amount and attenuating the low frequencies less as the frequencies get lower.  It is a shelf response filter.  It is based on Baxandall tone circuits.





The frequency response looks similar to this sketch:


____________


                     \


                      \


                       \____________________











The phase response looks similar to this sketch:


_________               ______________


                \_______/














The circuit looks like this:





Vin-------------[ R1 ]---------------------------------- Vout


                                    |                      |


                                    |                      |


                                 [ C ]                [ RL ]


                                    |                      |


                                [ R2 ]                   |


                                    |                      |  


-----------------------------------------------------------





There are only 3 components to this filter.


R1 is a resistor.


R2 is a resistor.


C is a capacitor.


RL is the load resistance.  It is the input impedance of the device driven by this filter.








Here is the circuit analysis:   





1/SC will represent the impedance of capacitor C.


G will represent the combined parallel impedance of RL with C+R2.





         (1/SC + R2)(RL)             (1+SC R2)(RL)


G = -----------------------------   =  ------------------------------ 


         1/SC + R2 + RL              1 + SC R2 + SC RL





The main analysis will be based on the fact that the current through R1 is equal to the sum of the currents through the C+R2 branch and the RL branch.





Vout            Vin - Vout


----------   =   -----------------


   G                  R1





From this, the transfer funtion is found  H(s).





            Vout                   1


H(s) = ------------  =  --------------------


            Vin           ( R1/G ) + 1








Substituting for G and rearranging into standard form :





                                          1


H(s) = --------------------------------------------------------------                  


           (R1)(1 + SC R2  +  SC RL )


           ------------------------------------------    +    1


                 (RL)  (1 + SC R2)








                                                    1


       =  ----------------------------------------------------------------------------


           (R1)(1 + SC R2 + SC RL)             (RL)  (1 + SC R2)


           ------------------------------------      +     -------------------------


                 (RL)  (1 + SC R2)                  (RL)  (1 + SC R2)








                                                     1


        =  ----------------------------------------------------------------------------


           (R1)(1 + SC R2 + SC RL)  +   (RL)  (1 + SC R2)


             ----------------------------------------------------------------


                             (RL)  (1 + SC R2)








                                    (RL)  (1 + SC R2)


        =  ----------------------------------------------------------------------------


              (R1)(1 + SC R2 + SC RL)  +   (RL)  (1 + SC R2)











                                     (RL)  (1 + SC R2)


        =   ----------------------------------------------------------------------------


                R1 + SC R2 R1 + SC RL R1 + RL + SC R2 RL








                                       (RL)  (1 + SC R2)


        =  -----------------------------------------------------------------------------


                   R1 + RL + SC( R2 R1 + RL R1 + R2 RL)








                                     (RL)  (1 + SC R2)


        =  -----------------------------------------------------------------------------


                  (R1 + RL) + SC( R2 R1 + RL R1 + R2 RL )


          





                                     (RL)  (1 + SC R2)


          =  ---------------------------------------------------------------------------


                [R1 + RL]  [ 1 +  SC( R2 R1 + RL R1 + R2 RL ) / ( R1 + RL)]


                                                   


S will be replaced with Jw.


w represents omega which is in radians/seconds.


J represents the imaginary number (square root of -1)





                                  (RL)  (1 + JwC R2)


          =  ---------------------------------------------------------------------------


                [R1 + RL]  [ 1 +  JwC( R2 R1 + RL R1 + R2 RL ) / ( R1 + RL)]





This result is now in the following standard form: 





                 K  (1 + Jw / w0)


          =  ---------------------------


                  ( 1 +  Jw / w1 )





w0 and w1 represent the two corner frequencies in the response curve. They are in radians/second.





From this, the circuit parameters can be extracted. 





             RL


K = ---------------


        R1 + RL





This constant represents the theoretical response to a D.C. signal.  








The minimum attenuation (in deciBels) seen at very low frequencies is found as by:  





20 Log { (RL) / (R1 + RL) }  is the upper horizontal asymptote in the response curve.

















             1


w0 = ------------


           C R2





              


                          R1 + RL


w1 = ----------------------------------------------


           C ( R2 R1 + RL R1 + R2 RL ) 








To get the corner frequencies in Hz, the following conversions can be done:


     


           w


f = ---------------


       2 (Pi)





Pi = 3.14159...








                            R1 + RL


f 1 = ----------------------------------------------


        2 C ( R2 R1 + RL R1 + R2 RL ) (Pi) 





f 1 is the frequency at which the response curve's asymptote starts to slope down at -6dB/octave. Typically, f 1 will be so low as to be nearly inaudible.








                  1


f 0 = --------------------------


         2 ( C R2 )( Pi )





f 0 is the frequency at which the response curve's asymptote becomes horizontal again.  f 0 is the frequency where the "bass boost" begins.








Notes on the response:


Notice the corner frequency f 0 is not affected by RL or R1.  However, the actual response, at the corner, is affected by RL and R1.





Increasing the value of R1 will increase the "sharpness" of the response curve in the corners.  


Increasing the value of R1 will increase the differentiation between the upper and lower "shelves" in the response curve. 


Increasing the value of R1 will move the upper corner of the response curve to the left ( f 1 decreases).


Increasing the value of R1 will increase the overall impedance of the circuit as seen from the driving device..


Increasing the value of R1 will increase the overall attenuation of the circuit.


However, increasing the value of R1 will also increase the phase distortion of the low frequencies. This is NOT desired.





RL is given, and is not really a variable in the circuit.





Increasing the value of R2 means C must be decreased in order to maintain f 0.





Increasing the value of R2 will decrease the "sharpness" of the response curve in the corners.  


Increasing the value of R2 will decrease the differentiation between the upper and lower "shelves" in the response curve. 


Increasing the value of R2 will move the upper corner of the response curve to the right ( f 1 increases).


Increasing the value of R2 will increase the high-frequency impedance of the circuit as seen from the driving device.


Increasing the value of R2 will decrease the high-frequency attenuation of the circuit.


Increasing the value of R2 will decrease the phase distortion of the low frequencies. 





Care must be taken to make sure the impedance is high enough, at all frequencies, to prevent loading down the driving device.








