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Abstract : This paper describes SINFILAT a computer program 
that performs the synthesis of active filters consisting of 
optimized cascaded second-order sections. The features include: 
poles and zeros pairing, sections ordering, optimized sections 
synthesis, predistortion, impedance scaling, automatic active 
compensation and designed circuits diagrams. 

I - Introduction 

The recent advances on the design of integrated circuits 
turned feasible the implenientation of digital filters and 
integrated switched capacitor, OTA-C, and MOSFET-C analog 
filters. Despite of that, the hybrid RC active filters still plays an 
important role in low to medium production electronics systems. 

In this work a computer program (SINFILAT) that 
performs the synthesis of active filters in cascade form is 
presented. The second-rder sections are originated from the 
Delyiannis/Friend [1]-121 biquads, and the design procedure is 
based on Fleisher's work [3]. The poles and zeros pairing, and 
section ordering are performed by employing the approach of 

tdt ive compensation is automatically applied wheii the 
operational amplifier gain-bandwidth (GB) is not large eiiougli 
to satisfy a given constraint, that indicates an acceptable design. 
The active compensation method employed was proposed by 

The SINFILAT program provides tlie diagrams or tlie 
designed sections along with the respective component values. 
An output file for simulation in SENSI program ['i] is also 
available. 

I1 - Poles and Zeros Pairing and Section Ordering 

SINFILAT accepts the filter's transfer function froni 
input files, where the gain constant, and zeros and poles are 
given in polar form. The program accepts any transfer fuiictioii 
with zeros on the real and/or ima inaiy axes. 

can be applied to  

The general filter transfer function can be described by : 
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Given the transfer function, the first task is to perforiii the 
pairing of poles and zeros as follows: take the highest Q pole aiid 
associate it with the closest available zero; repeat the procedurr 
with the remaining poles. This procedure reduces tlie peakiiil: 
generated by high Q poles [3]. 

In order to perform the section pairing define thc pe<il;iii: 
factor as follows : 

where m a ( . )  is the maximum of (.) computed in the 
interval 0 5 w 5 m, and min(.) is the minimum value of (.) in the 
interval w1 5 w 5 w2 defined as the filter passband. Once 
computed di for each section, they are cascaded in an increasing 
di's order. 

The maximum value of each section magnitude response 
is computed in a closed form, by locating the frequency (wmax) 
where the maximum occurs also in a closed form. For example. 
in a highpass or lowpass-notch section where : 

2 2 s + w z  
H(s) = k 

s 2  + w o s  + W O  2 

the referred frequency, if Q > c/a  , 1 2(c/a - 1) 

is : 

dmax = 4a2 - 4ac + 2b2c J 4a - 2b - 4c 

else : 

(3) 

where a = $ . b = &Q and c = 

The frequency in the passband where the minimum of 
1 Hi(s) 1 occurs, in general. can be located for all types of transfer 
functions without making use of search methods. 

111 - Sections Gain Distribution 

. 

Two approaches are available to determine the gain 
constant ki of each section. In  the first approach, the signals a t  
the operational amplifiers outputs are allowed to attain 
maximum amplitude without reaching the saturation level. I n  
this case 

mu( I H i (  s )  I ) 
ni i n (  I Hi ( s ) 1 ) 

d. = log 
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 he^ E; = .TI k.  is the total filter gain constant 

1=1 I 

(5)  

In  the second approach, both the filter d namit range 
ancl thc  transmission noise are taken into account j51. leading to 
the following alternative foi computing k. 



where ; 

In the SINFILAT both approaches are available. 

IV - Realization of Secondarder Sections 

The realization of the second-rder sections are based on 
the following low-sensitivity realization : 
1) The bandpass, lowpass notch and highpass notch structures 
are the Delyiannis/Friend biquads discussed in [3]; 
2) The second-order structures for lowpass and highpass 
sections are the ones proposed in [8]; 
3) The first-order structures are based on a standard structure, 
with parallel RC connections from the input and output to  the 
operational amplifier (op. amp.) virtual ground. 

The first set of structures is desi ned following closely the 
approach proposed by Fleisher [3f where provided the 
components tolerance values and the op. amp. GB an optimal 
design procedure is given, including the poles predistortion 
required. The remaining second-order structures are designed by 
using the same approach properly modified to the respective 
cases. 

After the sections structures are defined, the following 
tests are made in order to determine if an acceptable design is 
possible with the given op. amp. GB. If GB/w,Q < 5 ,  an 
acceptable design is not possible. If 5 5 GB/w0Q < 25, 
acceptable design is possible only if active compensation is 
applied. Otherwise the single amplifier sections yield a good 
design. 

The criterion discussed above were based on practical 
experience in the design of active filters employing compensated 
(single pole) op. amps 

V - Active Comoensation 

When the performance criterion determines the use of 
active Compensation, SINFILAT automatically performs it.  The 
approach used was proposed by Diniz and CalBba [ 5  ,[6], that 
presents a number of advantages as compared to a 1 ternative 
active compensation methods. The advantages are its 
applicability in any kind of active filter, and a free parameter z 
b in [5],[6]) that can control the secondary poles of the active 

Blter. 
The active compensation is achieved by connecting an 

extra op. amp. in cascade with the original section, and 
appropriately dividing all the admittances connected to  the 
original section output between the two op. amps. The example 
of section V illustrates the approach. This active compensation 
method maintains most of the passive network sensitivity 
properties of the original section, and has been reported to be 
used in commercial products. 

SINFILAT requests the value of the parameter z, only 
when active compensation is required. A default value is 
available, but for a full understand of the choice refer to [6]. 

In order to  perform the predistortion of the poles when 
active compensation is applied, the poles displacement are 
computed as described. The normalized characteristic 
polynomial of an actively compensated section [6] is given by : 

where A(s) and A'(s) are the op. amps. frequency dependent 
gains, z is the free parameter, DRC(s) is the passive network 
characteristic polynomial and k, is a constant that varies from 
section to  section. 

Supposing that so is a desired filter pole and sg the 
conjugate one, and replacing so+ As, in (7) after some 
manipulations it follows that : 

where ; 

P(s,) = (l-z)A(~,+A~,+s~)A'(~,+Aso+s~) + 
+ zA'(s,+As,+s~) 

by considering that As, << so , so = jw, , A(s,) = A'(s,) = 
GB/s, and so- s t  = 2jw0 , it follows that : 

(9) 
- - DRC( s o )  - _  As, 

so 2k2GB[(1-z ) GB + jwoz] 

with equation (9) it is possible to determine the predistortion 
values of the poles parameters ( U  and Q ) for each chosen 
section. For the Delyiannis bandpass section these values are : 

P P 

Q , u ~ z (  1 + b ) 2  
w = wo[l + 2 2 1  (10) 

GB[( 1 - z ) 2 ~ ~ 2  + .,I P 

where k, = l / ( l + b ) ,  Qo is the active RC network 
without positive feedback, and b is the positive 
parameter [3]. 

Two remarks are amromiate  a t  this Doint : 

Q factor 
feedback 

1 No matching between tfie' o i .  amps. GBs i's required; 
21The synthesis procedure of the actively compensated sections 
also follows the approach of [3 . Also note from equation (9) that 
Aso/so = kf/[(l-z)GB+ju,,/, where kf is Aso/so in the 
uncompensated circuit, since the term multiplying kf is, in 
modulus, much smaller than one, then the roles of the active 
compensation and the parameter z are clearly seen. 

VI - Design Examde 

In order to illustrate the use of SINFILAT, a bandpass 
elliptic filter with 1 db of passband ripple and 42 db of stopband 
attenuation was designed. The passband edges are : 

wPl = 20000 rad/s 
uP2 = 25000 rad/s 

wSl = 15000 rad/s 
wS2 = 30000 rad/s 
The input file and the component values are shown in 

Figure 1. Figure 2 depicts the filter realization, where as can be 
noted active compensation was required in two sections (z = 
0.25). Fi ure 3 illustrates the filter simulation performed by 
SENSI [7f. 

while the stopband edges are : 
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Input File : 

R = Root transfer function in polar form 
2.7913668606Et-02 = Gain constant 
5 = zeros 
1.5998552824E+04 9.0000000000E+01 
3.1252826772E+04 9.0000000000E+01 
0.0000000000E+00 0.0000000000E+00 
6 = poles 
2.4930554298E+04 9.1471457112E-tOl 
2.005571 1317E+04 9.14714571 12Et01  
2.2360679775Et-04 9.3319500108E+01 R9 -vvk” 

SECTION 2 - LOIZ‘PASS NOTCH ZPZS 

Rt 
0 - -  w - 

SECTION 1 - HIGHPASS NOTCH ZPZS 
C1 2.2000000000E48 
C2 5.5000000000E49 
C3 1.6500000000E~8 
R1 3.1063938350E+03 
R2 2.8502751879Et-04 
R3 4.0000000000E+05 
R4 2.3580907848Et-04 
R5 9.50091 72931 E+03 
R6 1.3333333333E+05 
R7 7.4759392826Et-04 
R8 9.1789604341Et-02 
R9 7.4981 656439E+04 

SECTION 2 - LOWPASS NOTCH ZPZS 
C1 2.2000000000E48 
C2 5.5000000000E49 
C3 1.6500000000E-O8 
R1 5.7181975871E+03 
R2 1.8935485901Et04 
R3 4.0000000000E+05 
R4 2.4964035719Et-04 
R5 6.31 18286336Et-03 
R6 1.3333333333E+05 
R7 1.1213470629E+04 
R8 7.1494354326E+02 
R9 2.2841386770E+05 

SECTION 3 - BANDPASS 
C1 2.2000000000E48 
C2 2.2000000000E48 
R1 4.5271 155238Et03 
R2 6.1122710949Et-03 
R3 1.0000000000E+05 
R4 1.7941485049E+04 
R5 7.8091 805643E+02 

Figure 1 - Input File and Filter Components 
10 
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Figure 2 - Filter Sections 

kiguir  3 - 111aI~s1s Result 
SECTION 1 - HIGHPASS NOT CH ZPZS 
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