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Abstract 

Design of fractional order analog filter, using a single Operational Transresistance 

Amplifier (OTRA) as an active current mode building block, is presented. The order of the 

proposed filter is 1.5. The theoretical results have been verified with PSPICE simulation. 

Obtained filter was realized using OTRA using the RC-RC decomposition technique. 

Frequency response for the presented filter is shown in the paper. The proposed filter 

offers some important features: employing single operational transresistance amplifier as 

an active element, lower sensitivity, insensitive to stray capacitances and parasitic 

resistances due to internally grounded input terminals of OTRA.  Simulation results agree 

well with the theoretical values. 
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1. Introduction 

In mathematics, chaotic character in differentiation and integration was investigated 

and named as fractional calculus [1-2]. Fractional order systems provide far better results 

and performance when compared to integer one. Several applications in this field have 

been developed like fractional order circuit modeling for biomedicine [3], impedance 

matching networks [4], network traffic modeling [5], Fractional order RF design [6] etc. 

Fractional devices can be realized either as ladder, tree, net-grid type or R-C network 

[7-11] but these circuits have hardware complexity. Fractional devices can also be 

realized by approximating the fractional order operator by continued fraction expansion 

(CFE) formula [12]. 

This paper presents a fractional LPF of order 1.5 using an active current mode analog 

building block called OTRA i.e., operational transresistance amplifier. RC-RC 

decomposition technique is used to obtain values of passive components. The paper is 

structured as follows. 

In Section 2, Design of Fractional order low pass filter and RC-RC decomposition 

technique is presented. In Section 3, implementation of OTRA is given. Finally, in 

Section 4, simulation results are verified using PSPICE. Section 5 concludes the paper. 

 

2. Design of Fractional Low Pass Filter of Order 1.5 
 

2.1. Continued Fraction Expansion Formula 

Mathematically continued fraction expansion is given by [12] 

(1 + x)α =  
1

1−

ax
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This expansion converges along the negative real axis from x = –∞ to x = –1 in the 

finite complex s-plane. Now to obtain the rational approximation for  √s , x = s – 1 & α = 

0.5 is substituted and the desired number of terms are taken. Using the Continued 

Fractional Expansion (CFE) method of [12] the general expression obtained for the 

second order Laplacian operator is: 

   sα =
a0s2+a1s1+a2s

a2 s
2+a1s+a0

                                                                                                                        (2) 

Where a0 = α2 + 3α + 2             a1 = 8 − 2α2                 a2 = α2 + 3α + 2  

Now using the transfer function of Fractional low pass filter as proposed by [13] and 

modified by [14-15].                                                                                     

𝐻𝑛+𝛼
𝐿𝑃 =

𝐾1

𝑠𝛼(𝑠𝑛+𝐾2)+𝐾3
                                                                                                                        (3) 

Where n= integer and 0 < α < 1 represents a fractional order system and: 

K1 = 1         K2 = 1.1796α2 + 0.167α1 + 0.21735       K3 = 0.19295α1 + 0.81369 

Putting value from (2) in (3) and on further solving, we get: 

H1+α
LP =

K1(a2 s
2 + a1s + a0)

a0(s3 + C0s2 + C1s1 + C2)
 

 

Where   C0 =
(a1+a0K2+a2K3)

a0
         C1 =

[a1(K3+K2)+a2]

a0
          C2 =

(a0K3+a2K2)

a0
 

For α = 0.5, i.e., order of the filter = n+α = 1+0.5 = 1.5 and the obtained transfer 

function is: 

 H1+0.5
LP =

(0.2s2+2s+1)

(s3+2.778083s2+3.21243s1+1.029375)
                                                                                (4) 

 

2.2. RC-RC Decomposition Technique 

Since the maximum degree is of the denominator = 3. Thus applying the RC-RC 

decomposition technique [16-17] the dividing polynomial is of degree = 2: 

𝐴(𝑠) = (𝑠 + 1)(𝑠 + 2) = 𝑠2 + 3𝑠 + 2 

Now dividing the numerator of the obtained transfer function from Equation (4) with 

A(s), we obtain: 

N(s)

A(s)
= 0.5 +

0.8s

s + 1
−

1.1s

s + 2
 

   

Let us take:                  Y1(s) = 0.5 +
0.8s

s + 1
        &           𝑌2(s) =

1.1s

s + 2
 

                               

Thus                                           
N(s)

A(s)
= Y1(s) − Y2(s) 

Applying the same procedure with denominator, we obtain: 

D(s)

A(s)
= s + 0.51465 +

0.4051s

s + 1
−

1.4175s

s + 2
 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 9, No. 9, (2016) 

 

 

Copyright ⓒ 2016 SERSC   71 

               

Let us take:                  Y3(s) = s + 0.51465 +
0.4051s

s + 1
        &          𝑌4(s) =

1.4175s

s + 2
 

                

Thus                                            
D(s)

A(s)
= Y3(s) − Y4(s) 

Thus the entire mathematical approach gives the following decomposition: 

 
N(s) A(s)⁄

D(s) A(s)⁄
=

Y1(s)−Y2(s)

Y3(s)−Y4(s)
                                                                                                                   (5) 

Where Y1(s), Y2(s), Y3(s) and Y4(s) are positive real admittance functions and thus 

these can be split into the  passive elements combination of R and C from where the 

normalized values of resistances and capacitances can be found. 

The values obtained are normalized. To denormalize these proper ZSF (Zero scaling 

factor) and FSF (Frequency scaling factor) values are used [18-19]. Consider the ZSF = 

80×103 and FSF = 2π×100×103 for the desired 100 kHz cut-off frequency.  

To obtain actual values, the multiplication factor is given by: 

R = Rn ×  ZSF                            C =
Cn

ZSF ×  FSF
 

where Rn and Cn are the normalized values of resistance and capacitance. 

R = Rn  ×  80 kΩ                 

C =  Cn   ×    19.88636  pF 

Table 1. Actual Values of Passive Elements 

Resistances 

& 

Capacitances 

Normalized 

values 

Actual values 

(practical 

values) 

R0 2 Ω 160 kΩ 

R1 1.25 Ω 100 kΩ 

C1 0.8 Ω 15.9090 pF 

R2 0.9090 Ω 72.7272 kΩ 

C2 0.55 Ω 10.9374 pF 

R3 1.9430 Ω 155.445 kΩ 

C3 1 Ω 19.8863 pF 

R4 2.4685 Ω 197.482 kΩ 

C4 0.4051 Ω 8.05596 pF 

R5 0.7504 Ω 56.4373 kΩ 

C5 0.7085 Ω 14.0944 pF 

 

3. Realization of Fractional Low-Pass Filter of Order 1.5  
 

3.1. OTRA and Its Implementation 

Operational transresistance amplifier (OTRA) has been used as a current mode active 

block to realize the proposed fractional device. It is current mode analog building block 

which offers multiple advantages over the traditional voltage mode configurations like 

higher operating speed, Low power consumption, greater linearity, low voltage operation, 
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greater gain-bandwidth product, high CMRR, high slew rate and wider dynamic range 

[23]. 

It has two input terminals and one output terminal. The input terminals being at the 

ground potential make most of the effects of parasitic capacitances and resistances to 

disappear and thus the proposed circuit is insensitive to stray capacitances. 

 

 

Figure 1. OTRA Block Diagram 

Where Vp and  Vn represent corresponding input voltages at terminal p and n. 

The corresponding port-relationship is characterized as: 

[

  𝑉𝑝 

  𝑉𝑛 

  𝑉𝑜 

] = [
0 0 0
0 0 0

 𝑅𝑚 – 𝑅𝑚 0
] [

𝐼𝑝

𝐼𝑛

𝐼0

] 

Port Relationship in OTRA 
This results in: 

𝑉𝑝 = 0 ; 𝑉𝑛 = 0 ; 𝑉𝑜 = (𝐼𝑝 − 𝐼𝑛) 𝑅𝑚 

Where  Rm shows the trans-resistance gain of the OTRA which approaches infinity for 

ideal operation. 

Various implementations of OTRA are available in literature and are based on: 

i. Using commercially available AD844 (CFOA) ICs [20]. 

ii. Using integrated circuit implementations [21-22]. 

The proposed work has been done using the commercial available IC AD844AN to 

implement the OTRA. Supply voltages used are ± 5 V. Pspice v10.5 has been used to 

verify the theoretical results. 

 

 

Figure 2. CFOA Circuit Symbol 
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The circuit symbol of CFOA is shown in Figure 2 and the port relations of CFOA can 

be characterized by: 

𝑉𝑥 = 𝑉𝑦 ; 𝐼𝑦 = 0 ; 𝐼𝑧 = 𝐼𝑥 ; 𝑉𝑤 = 𝑉𝑧 

 

Figure 3. Implementing an OTRA with Two AD844 

Figure 3, shows the interconnection of the two AD844 (CFOA) ICs to implement an 

OTRA block. 

From Figure 3, various currents can be calculated as: 

Iz1 = Ip                                                               

Ix2 = In − I
z1

     

Iz2 = Ix2                                                             

 

From the above equations, the current through Z2 terminal can be computed as 

  Iz2 = In − Ip                                                        

The voltages at various ports are calculated as: 

              𝑉𝑝 = 𝑉1− = 𝑉1+ = 0                                          

                                         𝑉𝑛 = 𝑉1− = 𝑉1+ = 0                                          

                                         𝑉𝑜 = 𝑉𝑧2 = −𝐼𝑧2𝑅𝑧2 = (𝐼𝑝 − 𝐼𝑛) 𝑅𝑧2              

Hence  𝑅𝑧2 corresponds to the transresistance of OTRA, which is infinite for 

ideal operation. 
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3.2. OTRA Topology Used for Filter Design 

 

 

Figure 4. OTRA Topology Used for Realizing the Proposed Filter 

Using routine analysis voltage transfer function of the above configuration (Figure 4) 

of OTRA can be found as:  

𝑇𝐹(𝑠) =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

𝑌1(𝑠) − 𝑌2(𝑠)

𝑌3(𝑠) − 𝑌4(𝑠)
 

The above obtained equation can be easily compared to Equation (5)  to notice the 

similarity which was the actual purpose of decomposition of the transfer function. Now 

thus the admittance values can be replaced by their resistance and capacitance equivalents 

from the Table 1. The decomposition of the transfer function helped in determining the 

correct combination of resistance and/or capacitance and then exact values were found by 

ZSF and FSF. All these when applied to Figure 4 will incorporate the proposed filter 

structure. 

 

4. Simulation Results 

 

 

Figure 5. Frequency Response Curve of the Proposed Filter 
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The functionality of the proposed fractional order LPF is verified through PSPICE 

simulation using CFOA based realization of OTRA. The supply voltages for the 

simulation purpose are ± 5 V. 

The cut-off frequency obtained from the frequency response curve of fractional LPF 

through Pspice simulation is: 103.784 Hz. Thus the simulated results are in close harmony 

with the assumed theoretical value of 100 Hz. The tolerance of the component values may 

be the reason of the variation in the simulated value. It is also importance to note that the 

filter circuit functions almost ideally for an ultra wide band of frequency viz. 100 mHz to 

100 Mhz.  

 

5. Conclusion 

In this paper, realization of the Fractional LPF of order 1.5 through OTRA is presented. 

CFE method is utilized to convert the transfer function from the integer order form to the 

fractional order form. PSpice simulation results are produced to authenticate the 

efficiency of the proposed design. Although matching for multiple passive components is 

needed, the proposed filter offers the subsequent benefits: (i) single OTRA is used, (ii) 

lower output impedance and thus  suitable for cascading, (iii) ultra wide freq range of 

operation, (iv) all the capacitors are grounded or virtually grounded, hence appropriate for 

fabricating the fractional filter in the monolithic IC form. Due to the proposed device 

exhibiting LPF behavior for a wide frequency range it can have tremendous application in 

the field of communication, control system and biomedical. The proposed work gives a 

direction towards the realization of higher order fractional filters and a hope to fabricate 

the fractional devices in IC form.  
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