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Chap. 23
Active networks as filters of frequency and displaced of phase (I Part)
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GENERALITIES


The advantages of the use of active dispositives in the filters, as the AOV, are the following


— bigger easiness to design filters in cascade without they are loaded


— mayor facilidad para diseñar filtros en cascada sin que se carguen


— gain and/or attenuation adjustable 


— possibility to synthesize "pathological" circuits (negatives or invertess)

but their limitation is given for


— reach of frequencies

FILTERS WITH NEGATIVE COMPONENTS


The transfer for the following circuit is (if Rg<<R1 then vsal/vent is similar to vsal/vg)


vsal / vent  =  (1/R1C2)  s / ( s2+s 1/ + 02 )  =  (1/R1C2)  s / (s + min)(s + max)


min ; max  =  { 1 ±  [ 1 - (20)2 ]1/2 }


  =  R1R2C1C2 / (R1C1 +  R2C2 +  R2C1)


0  =  (min max)1/2  =  1 / (R1R2C1C2)


R2  =  R3 // RL




If now we define a factor of voltage over-gain (we have demonstrated in the chapter of amplifiers of RF, § filter impedance, that this factor is similar to the factor reactivates Q of a syntonized circuit)


  =   0  =  (R1R2C1C2)1/2 / (R1C1 +  R2C2 +  R2C1)

and we observe that if we add a stage according to the following outline, it is reflected


Z2ref  =  k Z2  =  1 / (1/kR2 + sC2/k)




and if now we design


R1  =  R2

C1  =  C2

0  =  1 / R1C1  =  1 / R2C2
it is


  =  1 / (2 + k)


k    0

and this way we can control the width of band of the filter adjusting «k». A circuit that achieves this is the negative convertor of impedances in current (CINI) of the following figure; to implement it we remember that the differential voltage of the AOV, for outputs delimited in its supply, is practically null. Then


Z2ref  =  vi / ii  =  vsal / (ib Rb / Ra)  =  - Ra / Rb  = k Z2

k    0





As the system it is with positive feedback, it will be necessary to verify the condition of their stability


vINV   >   vNO-INV

vo R1 / (R1 + Ra)   >   vo R2 / (R2 + Rb)

or


k   <   R1 / R2

that, of not being completed, then the terminals of input of the AOV will be invested. For this new case it will be now the condition


k   >   R1 / R2

Design tone-pass


Be the data


Rg  = ...   f0  = ...   

Q  =  ... 
(similar to ,, we remember that this magnitude cannot be very high to work in low frequencies, that is to say, with a band width not very small with regard to f0)




Firstly we can adopt


C1  = ...


Rb  = ...

and we find of the conditions and precedent formulas


R1  =  1 / 0C1  = ...


Rc  =  R1 - Rg  = ...


Rd  =  R1RL / (R1 - R3)  = ...


k  =  (1 / Q) - 2  = ...


Ra  =  - k Rb  = ...


It is suggested after the experimentation to achieve the stability changing, or leaving, the terminals of entrance of the AOV and adjusting the syntony wanted with the pre-set.

FILTERS WITH POSITIVE COMPONENTS

Slopes of first order (+20 [dB/DEC])

Generalities


Here the attenuations to the court frequencies are of approximately 3 [dB].

Design low-pass


Be the data  


Rg  = ...   fmax  = ...   K  = ...    1





Of the I outline of the transfer we obtain  


vsal / vg  =  [- 1 / C2 (R1 + Rg) ] / (s + max)


max  =  1 / R2C2

K  =  R2 / (R1 + Rg)

we adopt  


C2  = ...

and we find


R2  =  1 / maxC1  = ...


R1  =  K (R1 + Rg)  = ...

Design high-pass


Be the data  


Rg  = ...   fmin  = ...   K  = ...    1





Of the I outline of the transfer we obtain  


vsal / vg  =  [- R2 / (R1 + Rg) ]  s / (s + min)


min  =  1 / (R1 + Rg)C1

K  =  R2 / (R1 + Rg)

we adopt  


C1  = ...

and we find


R1  =  (1 / minC1) - Rg  = ...


R2  =  K (R1 + Rg)  = ...

Design band-pass


Be the data  


Rg  = ...   fmin  = ...   fmax  = ...   K  = ...    1





Of the I outline of the transfer we obtain  


vsal / vg  =  [- 1 / (R1 + Rg)C2 ]  s / (s + min) (s + max)


min  =  1 / (R1 + Rg)C1

max  =  1 / R2C2

K  =  R2 / (R1 + Rg)

we adopt  


C2  = ...

and we find


R2  =  1 / maxC2  = ...


R1  =  (R1 / K) - Rg  = ...


C1  = 1 / min(R1 + Rg)  = ...

Design band-attenuate


Be the data  


Rg  = ...   fmin  = ...   fmax  = ...   K  = ...    1





Of the I outline of the transfer we obtain  


vsal / vg  =  [- R2 / (R2 + R4 + Rg) ]  [ (s + 1) (s + 2) / (s + min) (s + max) ]


min  =  1 / (R2 + R3)C2

1  =  1 / R1C1

2  =  1 / R2C2

max  =  1 / R1//R3 C1

R3  =  Rg + R4   (unnecessary simplification)


K  =  R3 / (R1 + R3)

we adopt  


C2  = ...


R3  = ...  >  Rg
and we find


R2  =  1 / minC2  -  R3  = ...


R1  =  R3 (1 - K) / K  = ...


C1  =  (R1 + R3)  / maxR1R3  = ...


R4  =  R3 - Rg  = ...

Slopes of second order with limited plane response (+40 [dB/DEC])

Generalities


Here the selectivity is good but it falls to practically 6 [dB] the attenuation in the court frequencies.

Design low-pass


Be the data    


Rg  = ...   fmax  = ...   





With the purpose of simplifying the equations, we make    


R1  =  Rg + Ra

We outline the transfer impedances


Z1  =  R12C1 (s + 2/R1C1)


Z2  =  (1/C2) / (s + 1/R2C2)

we express the gain and we obtain the design conditions    


vsal / vg  =  - Z2 / Z1  =  - max2 / (s + max)


max  =  1 / R2C2

R1  =  R2 / 2

C1  =  4 C2
and we adopt    


R1  = ...    Rg
what will allow to be


Ra  =  R1 - Rg  = ...


R2  =  2 R1  = ...


C2  =  1 / maxR2  = ...


C1  =  4 C2  = ...

Design high-pass


Be the data    


Rg  = ...   fmin  = ...   fmax  = ...   





With the purpose of simplifying the equations, we make    


Rg  <<  1 / maxC1

We outline the transfer impedances


Z1  =  (2 / C1) [ (s + 1/R1C1) / s2 ]


Z2  =  (1/C2) / (s + 1/R2C2)

we express the gain and we obtain the design conditions    


vsal / vg  =  - Z2 / Z1  =  ( - C1 / 2C2 ) s2 / (s + min)


min  =  1 / R2C2

R1C1  =  R2C2 / 2
and we adopt    


C2  = ...    Rg
what will allow to be


R2  =  1 / minC2  = ...


C1  = ...  <<  1 / maxRg

R1  =  R2C2 / 2C1  = ...
Design band-pass (and/or tone-pass)


Be the data    


Rg  = ...   fmin  = ...   fmax  = ...   





On the other hand, so that the circuit works as tone-pass at a f0 it should simply be made


f0  =    fmin  =   fmax  = ...   


As they are same stages that those low-pass and high-pass that were studied precedently, we adopt


R4  = ...     Rg


C1  = ... 


C2  = ... 

and with it


Ra  =  R4 - Rg  = ...


R2  =  1 / minC2  = ... 


R3  =  2 R4  = ...


R1  =  R2C2 / 2C1  = ...


C3  =  1 / maxR3  = ... 


C4  =  4 C3  = ...

Design band-attenuate (and/or tone-pass)


Be the data


Rg  = ...   fmin  = ...   fmax  = ...   





On the other hand, so that the circuit works as tone-attenuate at a f0 it should simply be made


f0  =    fmin  =   fmax  = ...   


As they are same stages that those low-pass and high-pass that were studied precedently, we adopt


R4  = ...     Rg


C1  = ... 


C2  = ... 

and with it


Ra  =  R4 - Rg  = ...


R2  =  1 / maxC2  = ... 


R3  =  2 R4  = ...


R1  =  R2C2 / 2C1  = ...


C3  =  1 / minR3  = ... 


C4  =  4 C3  = ...

_________________________________________________________________________________
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