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Abstract: 
Single-input Multiple-output Signals Third-order Active-R Filter for different 

Circuit Merit Factor Q Configuration is proposed. This paper discusses a new 

configuration to realize third-order low pass, band pass and high pass. The presented 

circuit uses Single-input Multiple-output signals, OP-AMP and passive components. 

This filter is useful for high frequency operation, monolithic IC implementation and it 

is easy to design .This circuit gives three filter functions low-pass, high-pass and 

band-pass. This filter circuit can be used for different merit factor (Q) with high pass 

band gain. This gives better stop-band attenuation and sharper cut-off at the edge of 

the pass-band. Thus the response shows wider pass-band. The Ideal value of this filter 

circuit which is closed to Ideal value of third-order active-R filter is at 0.8≤ Q ≥6. The 

advantages of this circuit are reduction in size and weight, increased circuit reliability, 

more economical and easy for manufacturing. 

 

Key words: third-order active-R filter, Single-input Multiple-output signals, circuit 

merit factor Q. 

 

Introduction: 
The filter is a device designed 

to separate, pass or suppress a group of 

signals from a mixture of signals. 

These are frequency selective 

networks. The operational amplifier 

(op. amp.) is now accepted as the basic 

active component for an inductorless 

filter. The circuit is realized using 

single pole (as “integrator”) behavior 

of an internally compensated 

operational amplifier [1, 2, 3-5]. The 

filter without the capacitor is called an 

active-R filter and has received much 

attention due to its potential 

advantages in term of miniaturization, 

ease of design and high frequency 

performance [6].It has been also 

pointed out in the literature that active-

R networks offer substantially low 

sensitivity characteristics as compared 

to RC active structures (Soderstand & 

Mitra1971).This paper proposes 

realization and design method for  

Single-input Multiple-output Third-

order Active-R Filter for different 

Circuit Merit Factor Q . This filter 

circuit gives three filter functions low 

pass, high pass and band pass, with 

ideal gain roll-off and high pass-band 

gain. The circuit is designed and 

studied for different values of circuit 

merit Factor Q. The filters are 

extensively used in communication, 

instrumentation, control systems 
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entertainment electronics, sonar 

systems etc. 

Proposed Circuit Configuration: 

The Propose Single-input 

Multiple-output Signals Third-order 

Active-R Filter for different Circuit 

Merit Factor Q circuit diagram is 

shown in figure1. With the advent of 

the high frequency roll-off in the 

response of the op-amp, the circuit is 

constructed with Single-input 

Multiple-output signals; three op-amp 

(µA741) and four resistances. The op-

amp can be used as an inverting or 

non-inverting grounded integration 

depending on connection with identical 

gain bandwidth product as an active 

element. This filter gives multiple 

outputs, which tend three filter 

functions, low pass, band pass and high 

pass. The negative feedback is 

introduced through resistances R1; R2 

and R3 from the output of three op-

amps to inverting input of the first op. 

amplifiers. 

 
Fig. 1: Proposed Circuit diagram for Single-input Multiple-output Signals third-

order active-R filter. 

 

The resistance R2 is tapped at 

different points for variation in 

feedback. The op-amps are coupled 

such that output of first op- amplifier is 

connected to non-inverting input of 

second op-amp and output of second 

op-amplifier is connected to non-

inverting input of third op-amp. Non-

inverting terminal of first op-amp, 

inverting terminal of second and third 

op-amps are grounded. The input is 

applied to inverting input of first op- 

amp through resistance R4. 

 

Circuit Analysis and Design 

Equations: 

The single-pole model of an op-amp 

leads to complex gain and the transfer 

function is given by [7]. 

    0 0 0/A s A S    (1)                

Where, 

A0 = open loop d.c. gain, 0
 = open 

loop (3dB) bandwidth, GB =A0 0
 = 

gain bandwidth product of op-

amplifier.  

  0 0 / / ,A s A S GB S   (2) 

 Where, 
0S     

  

This shows that the op-amp is an 

“integrator”, Thus Single-input 

Multiple-output Signals Third-order 

Active-R Filter transfer function at 

three different terminals are given 

below. The voltage transfer function 

for low pass filter. 
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 (4) 

The voltage transfer function for high 

pass filter 
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Where, 

X1= {
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The circuit was designed using 

coefficient matching technique with 

general third-order filter transfer 

function [4, 5]  
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(6) 

By comparing (3), (4), and (5) with (6), 

we get the design equation as 

{
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{
          

  
}=W0
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(10) 

So that Values of R1, R2, R3 and R4 can 

be calculated using these equations for 

different values of Q, f0=15 KHz, 

B=0.5 and R=400 Ω (table1).  

 

Sensitivity: 

The sensitivities of 0
  and Q in this 

Wider Pass-band Third-order Active-R 

Filter are as follows. 

  
    = 

 

 
*(
   

 
) (      )+     

   
    = 

 

 
*
 

  
+  

   
  =

 

 
*
 

   
      

  (
   

 
) (      

       (   )  )+ 

   
    =  

 

 
*  

 

  
+  

   
    = 

 

 
 *
 

  
+ 

    
   =     

   =     
   = 

 

 
  

  
 

= (   )* (      )(
 

 
 

 

 
 (

   

 
))+ 

   
 

   = 
 

 
(   )*

 

  
+ 

   
    =   (   )*

 

 
(
 

   
  

  (
   

 
) (                  (  

 )  ))      (    (  

                  ))  +   
 

   = 
 

 
(   )*  

 

  
+ 

   
 

   = 
 

 
(   )*

 

  
+ 

    
 

 =    
 

 = 
 

 
(   ) 

    
 

 =   
 

 
(   ) 

Thus, passive and active sensitivities 

are all less than unity. So for all 

practical purposes this circuit is stable 

as these sensitivities are very low. 

 

Table1: Resistance values for some 

values of Q. 

Q 

R1 

 (Ω) 

R2 

(Ω) 

R3 

(Ω) 

R4  

(Ω) 

01 3.4 118 52k 1.4 

04 10.8 330 52k 1.1 

0.8 16.9 477 52k 1.06 

1 19 524.8 52k 1.05 

6 32.9 797 52k 1.03 

10 34.9 833 52k 1.03 

 

Material and Methods: 
The circuit performance was 

studied with different values of   Q   

(0.1, 0.4, 0.8, 1, 6 and 10) with 

constant values of  f0=15 KHz, B=0.5 

and R=400 Ω for GB=2      
           . The table 1 shows 

resistance values of resistors for 

different Q values. Same circuit was 

also studied for different values of 

center frequency f0. The observed 

frequency response shows good 

agreement with theoretical results. The 

general range of this frequency 
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response for this active-R filter is from 

10 Hz to 1MHz as operating range of 

this op-amp is 10 Hz to 1.2MHz. 

Following observations are noticed 

from experimental study at three 

different terminals low pass, band pass 

and high pass filter function for 

different values of Q. 

Result and Discussion: 
A. Low pass response: 
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Fig. 2:  Low pass (LP) responses for different values of Q 

 

Table: 2. Analysis of Low Pass Response for Graph (Fig 2) 
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01 91.2 20 5 25 17.8 197 0 0 

04 93.5 38 23 60 18 50 0 0 

0.8 93.8 43 28 65 18 40 0 0 

1 94 43 28 65 18 40 0 0 

6 94 44 29 66 18 40 0 0 

10 94 44 29 66 18 40 3.3 10 

 

The maximum pass-band gain 

varies between 91.2dB to 94dB .Also, 

the gain roll-off per octave varies 

between 17.8 to 18dB/octave. The 

maximum pass-band gain increase with 

increase in values of circuit merit 

factor Q but after Q≥1 this value gets 

stabilized at the maximum pass-band 

gain 94dB. The Gain roll-off values are 

closed to ideal value of 18dB/octave 

for third order active-R filter. 

Overshoot is observed at Q≥10.But in 

previous reported configuration 

Overshoot is observed and increases 

for Q ≥ 1.2 [8].  
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B. Band-pass response: 
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Fig.3: The band pass (BP) response for different Q, 

 

Table: 3. Analysis of Band Pass Response for Graph (Fig. 3) 
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01 39 0.4 56 55.6 6 0.6 12 198 

04 52 0.8 60 59.2 6 2 12 60 

0.8 56.8 1.1 54 52.9 6 3 12 60 

1 58 1.3 50 48.2 6 3 12 60 

6 62.4 1.8 45 43.2 6 3 12 60 

10 62.4 1.8 45 43.2 6 3 12 60 

 

The maximum pass-band gain 

varies between 39dB to 62.4dB. Also, 

the bandwidth varies between 43.2 

KHz to 59.2 KHz. The maximum pass-

band gain increases with increase in 

circuit merit factor Q. The bandwidth 

decreases with increasing in values of 

circuit merit factor Q but after Q≥1 the 

bandwidth gets stabilized at 43.2 KHz. 

For lower values of circuit merit factor 

Q, this filter can be used for wide 

bandwidth and for higher values of 

circuit merit factor Q it can be used for 

narrow bandwidth. There is no shift in 

the central frequency. It is also 

observed that the pass band 

distribution of frequency is symmetric 

for both sides. But in previous reported 

the pass band distribution of frequency 

isn’t symmetric for both sides [8]. The 

circuit works better band pass response 

for   Q ≥1. 
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C. High pass response: 
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Fig. 4: High pass (HP) responses for different values of Q 

 

Table: 4. Analysis of High Pass Response for Graph (Fig.4) 
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0.1 155 140 90 17.6 20 -3.6 603 0 

0.4 47 32 68 18 5 -0.9 137 0 

0.8 20 5 25 18 5 0 55 0 

1 18 3 17 18 5 0 55 0 

6 13 2 15 18 5 0 55 4.5 

10 13 2 15 18 5 0 55 4.6 

 

The Gain roll-off in stop-band 

varies between 17.6 to 18dB/octave 

which is close to the ideal value of 18 

dB /octave for third order active-R 

filter .Also, the gain gets stabilized 

almost at 0 dB for all values of Q ≥ 

0.8.Also, the response shows overshoot 

for all the values of    Q ≥ 6. But in 

previous reported configuration the 

gain stabilized for Q ≥ 5.Also, 

overshoot is observed for all the values 

of Q [8-15]. The analysis for the 

responses are summarizes in the table 

3. 

 

Conclusion: 
 A realization of voltage-mode 

transfer function for Single-input 

Multiple-output Signals Third-order 

Active-R Filter for different Circuit 

Merit Factor Q has been presented. 

The filter circuit is composed only of 

three op. amplifiers and four 

resistances. Also this single filter 

circuit gives Multiple-output functions 

low pass, band pass and high pass 

filters. It is suitable for high frequency 

operation and monolithic IC 

implementation. The low pass and 

band pass performance of the circuit 

gives high pass band gain and excellent 

for lower value of f0. For high pass 

filter, circuit shows gain stabilization at 

0 dB for Q≥0.8. The Ideal value of this 

filter circuit which is closed to Ideal 

value of third-order active-R filter is at 

0.8≤ Q ≥6.Also, filter circuit can be 
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used for both narrow as well as for 

wide bandwidth.  
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مه انذرجه  روجخنو متعذدة االإشارة أحاديت انذخول  راث انفعال اثمرشح انمقاوم

  (Q)نعذيذ مه عوامم انجودةانمختهفت انثانثت

 
 شيىذي غاويش شاوذرا وار هارو**   عذوان عبذالله قاسم *

 

 انهُذ -َاَذٌذ ياهاساشخشا -جايعت سىايً ساياَاَذا حٍشد ياسارىادا-*كهٍت انفٍضٌاء

 َاَذٌذ ياهاساشخشا انهُذ -اَذٌشا غاَذينشئٍسً، كهٍت ا**

 

 انخلاصت:  
شوس خنو يخعذدة االإشاسة أحادٌت انذخىل انعهًٍت  حصًٍى دائشة إنكخشوٍَت راث  تنقذ حى  فً هزِ انىسق

بحٍذ حعطٍُا رلاد و ظائف  فً َفس انىقج وهً يششح حًشٌش يُخفض)عًم هزا انًششح هى حًشٌش انخشدداث 

انًُخفضت وحجب انخشدداث انعانٍت(، يششح حًشٌش عانً)عًم هزا انًششح هى حًشٌش انخشدداث انعانٍت وحجب 

نخً حقع بٍٍ ٌش انخشدداث اهزا انًششح هى حًشانخشدداث انًُخفضت( ويششح حًشٌش حضيت يٍ انخشدداث)عًم 

(.حٍذ حخكىٌ هزِ انذائشة يٍ اسبع f1 و أقم يٍ   f2 وحجب انخشدداث انخً حكىٌ أعهى يٍ f1,f2انخشددٌٍ 

 و ( وكزنك يٍ رلارت يكبشاث .حٍذ سًٍج هزِ انذائشة بذائشة انًششح انًقاويت R1,R2,R3 and R4يقاوياث )

وكزنك فً   هزا انًششح يفٍذ بانُسبت نهخشدداث انعانٍتاٌ بسبب اسخخذاو يقاوياث فقط فً حصًٍى هزِ انذائشة. 

حصًٍى انذوائش انًخكايهت. ويٍ يضاٌا هزِ انذائشة هً حخفٍض فً حجى ووصٌ انذائشة الإنكخشوٍَت وأكزش اقخصادٌت 

( . وهزِ انذائشة يفٍذِ جذا فً يجال حًشٌش Q) ايم انجىدةوسههت انخصٍُع . نقذ حى دساست هزِ انذائشة بأسخخذاو ع

حضيت انخشدداث انىاسعت حٍذ وجذ اٌ انقٍى انًعطاِ يٍ  هزِ انذائشة حكاد حكىٌ قشٌبت جذا انى انقًٍت انًزانٍت 

 .Q  ≥6 ≥0.8( بٍٍ Qنذائشة انًششح يٍ انذسجت انزانزت عُذيا حكىٌ قًٍت عايم انجىدة )

 

 عايم ,شوسخنو يخعذدة االإشاسة أحادٌت انذخىل  ,انًقاوياث انفعال يٍ انذسجت انزانزتيششح   انكهماث انمفتاحيت:

 Qانجىدة 

 


