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Analog filter realizations 

• After having accomplished the 

approximation step, the filter  

transfer function is known 

• Next, the designer must choose a 

realization, that is, an electric circuit 

• Analog filters can be classified on the 

basis of their constituent components 
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Classification of analog filters 

• Passive RLC filters 

• Operational amplifier RC filters  
(op amp active RC filters) 

• Switched-capacitor (SC) filters 

• Operational transconductance amplifier  
(OTA) filters 

• Current-conveyor (CC) filters 

• Microwave filters 

• Electromechanical filters 

• Crystal filters 
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Passive RLC filters 

• Consist of passive macrocomponents: resistors, 
capacitors, and inductors (coils and transformers) 

• Do not require a power supply 

• Drawbacks:  

– Exhibit a significant passband loss,  

– Inductors cannot be miniaturized 

• Practical at frequencies up to a few hundred MHz 

• Important in deriving realizations of some  
active filters, such as active RC, OTA, and  
current-conveyor filters 
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Active RC filters 

• Can be reduced in size and weight, especially when 
implemented as integrated circuits 

• Manufacturing can be automated with  
high production yield 

• Made out of resistors, capacitors, and  
operational amplifiers 

• Disadvantages: 
– Require a power supply 

– Output signal can be distorted if the input signal is too large 

– Extra noise is generated in active devices 

• Operate over the frequency rage from 0.1 Hz to 500 kHz 
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Op amp active RC filters 

Realizations 
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Classification of  

biquadratic realizations 
• Low Q-factor realizations (Q < 2) exhibit  

no problems with tolerances, no need for tuning, 
minimal number of passive components, and 
only one operational amplifier 

• Medium Q-factor realizations (2 < Q < 20) 
selected on the basis of  
minimum gain-sensitivity product, simple tuning,  
minimal number of passive components, and  
only one operational amplifier 

• High Q-factor realizations (20 < Q) require  
two operational amplifiers, sensitivities are lower 
than the sensitivity of single-amplifier biquads 
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Lowpass low-Q-factor 
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Proračun LP low-Q 
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% Given a second-order lowpass transfer function we identify 

fp = 2300;  

wp = 2*pi*fp;  

Qp = 1.2; 

 

% Choose K < 1  

K  = 0.6; 

% Choose 0.1 < P=R3/R1 < 10 

P  = 3.3865;  

% Choose C4 

nano = 10^(-9); Cx = 3.3*nano;  

C4 = Cx; 

% Compute element values 

C2 = 2*Qp^2*Cx*(1+(1+P^2)/(2*P)); 

R1 = 1/(wp*Cx*Qp*(1+P)); 

R3 = P*R1; R11 = R1/K; R12 = R1/(1-K); 

% Generate transfer function in terms of element values 

num = R12; 

den = [(C2*C4*R11*R12*R3) (C4*R11*R12+C4*R11*R3+C4*R12*R3) (R11+R12)]; 

f = 0:80:8000; w = i*2*pi*f; H = num./polyval(den,w); 

subplot(2,1,1); drawlplq(0,0,4,5,10,'b') 

subplot(2,1,2); plot(f,abs(H)) 
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Highpass Low-Q-factor 
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Proračun HP Low-Q 
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Bandpass low-Q-factor 
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Proračun BP low-Q (1) 
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Proračun BP low-Q (2) 
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Bandreject low-Q-factor 
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Proračun BR low-Q (1) 
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Proračun BR low-Q (2) 
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Allpass low-Q-factor 
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Proračun AP low-Q (1) 
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Proračun AP low-Q (2) 
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Rx - Cx 

  1 kΩ ≤ Rx ≤ 100 kΩ  

  15V napajanje 

  15*15 = 225 

  225 mW ≤ snaga ≤ 2 mW 

 1 MΩ ≤ Rx, tolerancije, šum 

 

  100 pF ≤ Cx ≤ 1 μF 

  Cx ≤ 100 pF, parazitni efekti veza … 

  Cx ≥ 1 μF, tolerancije, gubici, …  

1 kΩ ≤ R5 + R6 

 

 R6 ≤ 1 kΩ  
 

0 ≤ Rx 

0 ≤ Cx 
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Lowpass medium-Q-factor 
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Proračun LP  

medium-Q 
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Proračun LP  

medium-Q 

KLQ  ≤ 1 

 

1 ≤ KMQ 
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Highpass medium-Q-factor 
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Proračun HP medium-Q 
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Proračun HP  

medium-Q 

KLQ  ≤ 1 

 

1 ≤ KMQ 
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Bandpass medium-Q-factor 
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Proračun BP medium-Q 
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Proračun BP  

medium-Q 

1 ≤ KLQ 

 

1 ≤ KMQ 
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Bandreject medium-Q-factor 



34 

Proračun BR medium-Q 

KMQ = 1  
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Allpass medium-Q-factor 
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Proračun 

KMQ = 1  
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Lowpass notch medium-Q-factor 
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Proračun 
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Highpass notch medium-Q factor 
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Proračun 
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Lowpass high-Q-factor 
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Proračun 
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Highpass high-Q-factor 
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Proračun 
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Bandpass high-Q-factor 
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Proračun 
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Bandreject high-Q-factor 
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Proračun 
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Lowpass notch high-Q-factor 
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Proračun 
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Highpass notch high-Q-factor 
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Proračun 
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General-purpose realization 

KHN filter (Kerwin-Huelsman-Newcomb) 
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Proračun 
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Proračun 
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Simbolički proračun (1) 
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Simbolički proračun (2) 
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Simbolički proračun (3) 
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Simbolički proračun (4) 
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Simbolički proračun (5) 
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Simbolički proračun (6) 
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Simbolički proračun (7) 
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Simbolički proračun (8) 
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Simbolički proračun (9) 
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Simbolički proračun (10) 
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Simbolički proračun (11) 
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Simbolički proračun (12) 
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Simbolički proračun (13) 
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Simbolički proračun (14) 
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Simbolički proračun (15) 
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Simbolički proračun (16) 

We choose P=2.7457 as a good choice 

because we obtain small GSP and 1/R12=0. 
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LowPass Low-Q-factor Active RC Second-order Filter, Analysis and Design 
(caflplq.ma)  

HighPass Low-Q-factor Active RC Filter, Analysis and Design (cafhplq.ma)  

BandPass Low-Q-factor Active RC Filter, Analysis and Design (cafbplq.ma)  

BandReject Low-Q-factor Active RC Filter, Analysis and Design (cafbrlq.ma)  

AllPass Low-Q-factor Active RC Filter, Analysis and Design (cafaplq.ma)  

LowPass Medium-Q-factor Active RC Filter, Analysis and Design (caflpmq.ma)  

HighPass Medium-Q-factor Active RC Filter, Analysis and Design (cafhpmq.ma)  

BandPass Medium-Q-factor Active RC Filter, Analysis and Design (cafbpmq.ma)  

BandReject Medium-Q-factor Active RC Filter, Analysis and Design (cafbrmq.ma)  

AllPass Medium-Q-factor Active RC Filter, Analysis and Design (cafapmq.ma)  

Lowpass Notch Medium-Q-factor Active RC Filter, Analysis and Design 
(caflnmq.ma)  

Highpass Notch Medium-Q-factor Active RC Filter, Analysis and Design 
(cafhnmq.ma)  

LowPass High-Q-factor Active RC Filter, Analysis and Design (caflphq.ma)  

HighPass High-Q-factor Active RC Filter, Analysis and Design (cafhphq.ma)  

BandPass High-Q-factor Active RC Filter, Analysis and Design (cafbphq.ma)  

BandReject High-Q-factor Active RC Filter, Analysis and Design (cafbrhq.ma)  

AllPass High-Q-factor Active RC Filter, Analysis and Design (cafaphq.ma)  

Lowpass-Notch High-Q-factor Active RC Filter, Analysis and Design (caflnhq.ma)  

Highpass-Notch High-Q-factor Active RC Filter, Analysis and Design (cafhnhq.ma)  

General Purpose Active RC Filter, Analysis and Design (cafgphq.ma) 


