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Abstract: An important feature in the design of passive and active filters networks is the method of the 

analysis employed. The purpose of this work is to synthesis two active low pass filters, the first is 

doubly terminated sixth order RLC passive ladder network and the second is multiple feedback 

network. The analyzing of the ladder network is achieved using graph-theoretic approach and the 

simulation is realized via MATLAB software tool version 8.1.0.604(R2010a) using Butterworth values 

for a corner frequency of         . A confirmation of results is achieved by nodal analysis and 

numerical analysis using Newton-Raphson method, respectively. The synthesized complete circuit 

requires    operational amplifiers and uses voltage subtractors and non-inverting integrators as 

building blocks with capacitors and inductors values evaluated from choosing        as an arbitrary 

value. For the second network, an RC passive circuit is used, the feedback and feedforward transfer 

function are obtained using the transformed T-network. The elements values of an active network are 

computed by considering a corner frequency of          . 
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 السلمية ودوائر التغذية العكسية المرشحات الفعالة لمحاكات الدوائرتصميم دوائر 
 

ض من البحث تصميم دوائر المرشحات الخاملة والفعالة هي طريقة التحليل المتبعة. الغر في تصميم ان الخاصية المهمة الخلاصة:

ت النهايتين ومن مرير منخفض فعال الاولى هي الدائرة السلمية الخاملة التي تستخدم المقاومات والملفات والمتسعات ذاتدائرتين لمرشح 

باستخدام أسلوب نظرية البيانات وطريقة تم تحليل الدائرة السلمية المرتبة السادسة، اما الدائرة الثانية فهي متعددة التغذية العكسية.  

  Butterworthباستخدام قيم   (R2010a)8.1.0.604النسخة   MATLABالمحاكات تم انجازها عبر اداة المحاكات البرمجية 

Newton-ميكاهرتز. وقد تم التحقق من النتائج عن طريق التحليل العقدي والتحليل العددي باستخدام طريقة    مقداره  ينيلتردد رن

Raphson  على التوالي. ان الدائرة المصممة الكلية  تتطلب أربعة عشر مضخم عمليات وتستخدم طارحات الفولتية والمكاملات الغير

. واما الدائرة الثانية فهي تتكون كيلو أوم  ، وان قيم المكونات تم حسابها باعتماد قيمة مقاومة عشوائية مقدارها ةمقلوبة كلبنات اساسي

 Tقاومات والمتسعات وقد تم التحليل عن طريق حساب دالة الانتقال للتغذية العكسية والتغذية الامامية باستخدام تحويلات الشبكة ممن ال

 هرتزكيلو   0  عتبار الترددبا ونات. وقد تم حساب قيم المك

  
1. Introduction 

 

     Numerous appropriate design methods involve analysis, curve approximation, and 

synthesis processes using proper components values can adequately describe the 

characteristics of filters’ circuits [1]. Giving the filters specifications, the design can 

be performed for various active filters using approximation techniques [2]. 
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The transfer function and frequency response are the most important aspects both in 

the design and applications of these filters in the field of communication, signal 

processing, and control systems [3-5].  

     A doubly terminated LC ladder structures was designed by symbolic maths [6] 

through the synthesis of the transfer function of seventh order bandpass filter. Active-

RC filter synthesized from sixth order Chebyshev RLC low pass ladder filter is 

presented in [7], and the filter fabricated in CMOS process optimizes high frequency 

performance and minimizes current consumption.   

     In designing passive and active filters circuits, MATLAB software is flexible to 

achieve high performance filters using different methods [8-10]. The analog filter 

implementation using ladder filters has an advantage of low sensitivity in the 

passband [11]. The signal flow graph (SFG) is one of the formulation methods for 

characterizing the filter network, and the operational amplifiers building blocks can be 

used for the synthesis process [12]. 

 
2. Sixth Order Ladder Filter  
 

     A doubly terminated sixth order RLC low pass filter ladder network depicted in 

“Fig. 1” is chosen for analysis [13]. As shown the network contains two resistors, 

three inductors, and three capacitors with their Butterworth values for       

    , and corner frequency         .   

 

 

 

 

 

 

 

 

 

Figure 1. Doubly terminated ladder network. 

 

     The representation of the network using graph-theoretic approach is illustrated in 

the directed graph depicted in “Fig. 2” with a specific tree represented by solid lines.  

 

 

 

 

 

 

 

 

 

 

Figure 2. Network directed graph 
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The vertices are the voltage variables. The dotted lines which is the co-tree is the 

voltages of the branches while the tree is the currents branches. The voltages and 

currents branches can be listed in the following formulas; 

Kirchhoff’s voltage law: 

 

        ,         ,         ,                                       (1) 

 

Kirchhoff’s current law: 

 

                                      ,         ,         ,                                              (2) 

 

     Expressing each branch in tree and co-tree in terms of impedances and 

admittances, respectively yields the following equations; 

 

,   (         
   ⁄ )  ,    (         

   ⁄ )  ,    (         
   ⁄ )   

                                    (    
 )                                                          (3) 

           

   (     
 ⁄ )  ,    (         

   ⁄ )  ,    (         
   ⁄ )  ,  

                                                            (         
   ⁄ )                                                    (4) 

                                                                                                                  

The impedances are 

 

, and   (         
   ⁄ ),    (         

   ⁄ ),    (         
   ⁄ ) 

                                                                     (    
 )                                                      

 

and the admittances are 

 

   (     
 ⁄ ),    (         

   ⁄ ),    (         
   ⁄ ), and 

                                                                                                                   (         
   ⁄ ) 

 

3. Analysis  
 

     The signal flow graph (SFG) that corresponds to the directed graph is depicted in 

“Fig. 3”.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Signal flow graph. 
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The path value is   

              ⁄  
 

     The first order loops’ gain are given by 
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and the addition of these values yields 
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The second order loops’ gain are given by 
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and the addition of these values yields  
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The third order loops’ gain are given by 
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and the addition of these values yields  

 

      (       
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The fourth order loops’ gain is given by 

 

          (        
     )⁄   

 

The voltage transfer function is obtained by  ason’s gain formula as, 

 

    
          

                                                    

                   

 

                                          )5(                                                                                                    

                                        

     Using MATLAB programming technique [14], the frequency response of the filter 

is depicted in “Fig. 4”. It can be seen that the corner (resonance) frequency is 

         at      .  

 
3.1 Confirmation 

 

3.1.1 VTF formula 
 

     The same result given in “(5)” can be obtained using nodal approach to the filter 

circuit [15]. The      is the confirmed voltage transfer function given by  

 

 
 

Figure 4. Frequency response of ladder filter. 
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where  

 ( )     

and  
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Therefore  

 

     
    

                                                        

                         

 

 

which is in closed agreement. 

 

3.1.2 Corner Frequency 
 

     The value of the resonance frequency can be found by numerical analysis using 

Newton-Raphson method and MATLAB programming. The resonance frequency is 

calculated from 

 

|   (  )|  
 

 
 

    

(                                   )  
(                                   ) 

 

 

The evaluated value is              which gives a much closed result. 

 

4. Realization of 6
th

 Order Low Pass Leapfrog Ladder Filter 
 

To synthesis the active filter, leapfrog realization, voltage subtractor and non-

inverting integrator [16] are the two types of operational amplifier (op-amp) circuits 

used, both is depicted in “Fig. 5”. The implementation of branch weights and voltage 

relations in the SFG is accomplished according to the followings; 

i- Each subtraction of voltages or currents is implemented using the circuit in “Fig. 

5a” with        as an arbitrary choice. ii- Transmittance    is replaced by two 

cascaded inverting op-amp stage, the second and third op-amp circuits in “Fig. 6a” , 

the input resistance is chosen arbitrarily to be       and all other resistors are     .  

     The voltage subtraction using voltage subtractor, item-i, at the input of the SFG 

together with implementation of    is depicted in “Fig. 6a”, and further reduction 

yields “Fig. 6b”.  
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iii- Transmittance    is represented using “Fig. 5b”. With arbitrary choice of   

    , the capacitor value is calculated from              , this gives   

        . Transmittance    is implemented similarly with the same resistor value but 

with           . 

iv- The transmittances   ,   ,   , and     are represented using item-ii. 

v- The transmittances    is represented using “Fig. 6a” by interchanging resistors 

values of       with that of      and vice versa. 

     The complete simulated circuit for ladder filter with a total of fourteen op-amps is 

depicted in “Fig. 7”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Op-amp circuits, a- voltage subtractor, and b- non-inverting integrator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Representing of a- voltage subtraction and b- transmittance   . 
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Figure 7. Circuit realization of sixth order low pass ladder filter. 

 

5. Multiple feedback Filter 
 

This is the second circuit to be synthesized, it is a second order multiple feedback 

active low pass filter. An RC circuit that considered in analysis is depicted in “Fig. 8”, 

the transfer function of this circuit can be found from feedback and feedforward 

transfer functions [17]. 

 

5.1.1 Feedback transfer function 
 

     Setting      to the circuit of “Fig. 8”, the circuit appears as depicted in “Fig. 9”. 

The internal T-circuit is converted to the impedances             and     which can be 

computed as follows 

 

   
 

   
 

  
       

 

 

                                                
    

       
 

    
       

                                                      ( ) 

 

The impedances     and     are 

+

-
1 +

-
2 +

-
3 +

-
4

+

-
5

+

-
14

+

-
6 +

-
7 +

-
8

+

-
9 +

-
10 +

-
11 +

-
12

+

-
13

1 MΩ

1 kΩ

1 MΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ
1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ
1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

1 kΩ

0.518 pF

0.518 pF

1.414 μF

1.414 μF

1.932 pF

1.932 pF

1.932 μF

1.932 μF

1.414 pF

1.414 pF

0.518 μF

0.518 μF

V1 V2

V3

V4

V5

1 MΩ

1 kΩ

1 MΩ

 



            Journal of Engineering and Sustainable Development Vol. 21, No. 04, July 2017                                     www.jeasd.org (ISSN 2520-0917) 

            

179 
 

 

    
  

   
 
   

 
                        

  
 
 

  
                                                   ( ) 

 

    
  
  
 
                        

          
 

 

          
                                          ( ) 

 

 

 

 

 

 

 

 

 

 

Figure 8. RC circuit. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Circuit with     . 

 

The parallel combination of     with     ⁄  yields 
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The feedback transfer function     ⁄  is 
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5.1.2 Feedforward transfer function 
 

Setting      to the circuit of “Fig. 8”, the circuit of “Fig. 10” is obtained. The 

internal T-circuit is converted to  -circuit with impedances             and    . Let 
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The feedforward transfer function     ⁄  is  

 
  
  
 

   
       

                         

 

Combining “15”, “16”, and “17” yields 
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Figure 10. Circuit with     . 
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     which is a low pass filter. The multiple feedback active low pass filter that uses the 

RC circuit is depicted in “Fig. 11”. 

 
5.2. Filter design 

 

At     , the gain in “19” is   ( )       ⁄ . Using Butterworth polynomials 

for second order filter [18], if           then        , the capacitors values 

can be found from “19” as 
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Figure 11. Multiple feedback active low pass filter. 

 

6. Discussions and Conclusions 
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resistors values, and the capacitor values are found from network function of the op-

amp. An appropriate change in frequency and magnitude can made the components 

value of practical one. The computed value of corner frequency obtained from 

numerical analysis differs slightly, approximately (         ), due to high power 

coefficients. The ladder circuit can also be designed using inverting op-amps 

(summers and integrators).    

     Active simulation to second multiple feedback active low pass filter is also 

accomplished. The filter is synthesized by computing the elements values at a certain 

specifications. The design allows the using of practical components values and 

Chebyshev polynomial. 
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