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Abstract—This paper proposes a multi-input single –output 

(MISO) third order voltage mode(VM) universal filter using only 

one Operational Transresistance Amplifier(OTRA).In the 

synthesis of transfer function the new topology of RC:-RC 

decomposition technique is used in the realization of an third 

order transfer function employing a single OTRA.The proposed 

circuit realizes low-pass,high-pass,all-pass,band-pass and notch 

responses from the new realized topology.The PSPICE 

simulation results using proteus8 professional technology agree 

well with the theoretical design.Design of this amplifier using 

Alpha-power MOS law model starts by the estimation of three 

unknown parameter �,Vth and k from the simulated I-V values 

of device characteristics,so that the simulated drain current 

should fit the Alpha-power based drain current 

equation.Proposed method is much simpler and fully technology 

independent and also free from complex mathematical 

expressions associated with the devices. 

Keywords—Operational Transresistance Amplifier,Transfer 

function synthesis,Alpha-power MOS law. 

I.  INTRODUCTION  

The operational transresistance amplifier (OTRA), known 

also as a current differencing amplifier or Norton amplifier, is 

an important active element in analog integrated circuits and 

systems. Both input and output terminals of an OTRA are 

characterized by low impedance, thereby eliminating response 

limitations incurred by capacitive time constants. The input 

terminals are internally grounded, leading to circuits that are 

insensitive to stray capacitances. Thus, it is possible to obtain 

very accurate transfer functions by using an OTRA in contrast 

to its unity-gain active device counterparts. Furthermore, it has 

a advantage of a high bandwidth and high slew rate. Some 

filter applications of an OTRA are present in the literature [1]-

[8]. Also, realizations of n-th order transfer functions using 

OTRAs were reported a long time ago [9]-[12].To synthesize 

an n-th order transfer function, [9] and [10] needn+1 active 

elements, while [11] and [12] require n OTRAs. In this paper, 

we present a configuration that is suitable for a third order 

filter response, involving a single OTRA and the RC:−RC 

decomposition technique. This is a significant reduction in 

comparison with the previously reported configurations. In 

this work ,an attempt is made to design the third order voltage 

mode (VM) universal filter using the RC:-RC decomposition 

technique.Here,all the five filters like low pass filter(LPF),all 

pass filter(APF),band pass filter(BPF),high pass filter(HPF) 

and notch filter or band stop filter(BSF) are designed using the 

same topology. 

II. PROPOSED CONFIGURATION 

 

For the realization of the third order transfer function using 

Operational Transresistance Amplifier (OTRA),the equation 

of the OTRA is to be analysed with transimpedance gain and 

the input currents.Here, first the n-th order voltage mode 

transfer function is analysed with the single OTRA and then it 

is derived for the third order voltage mode transfer function. 

The general configuration to be used in the realization of an 

n-th order transfer function is shown in Fig. 1. With the 

following defining equations of an OTRA, 
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III. DESIGN OF THIRD ORDER UNIVERSAL FILTER 
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As another example, a network for a third-order normalized 

low-pass function T(s) = 1/(s3+2s2+2s+1) is obtained. In this 

design, using the RC:−RC decomposition technique again, the 

driving-point RC admittance functions are found as Ya = 1/2 + 

s/(2s+4), Yb = s/(s+1), and Yc = s + 1/2, Yd = 3s/(2s+4) with 

the 

same arbitrary polynomial D(s) = (s+1)(s+2). The resulting 

circuit is shown in Fig. 6. The element values of this filter 

are Ra1 = 160 kΩ, Ra2 = 160 kΩ, Ca = 4.974 pF, Rb = 80 kΩ, 

Cb = 19.894 pF, Rc = 160 kΩ, Cc = 19.894 pF, Rd = 53.333 

kΩ,and Cd = 14.921 pF. This choice also leads to a resonant 

frequency of f0 = 100 kHz. 

 
Fig:3 Third order low pass filter 

  

Similarly, by designing for third order high pass filter, band 

pass filter and notch filter, we get the universal filter as 

  

 
Figure:5 Internal circuit of OTRA 

 

 
Figure:6 Implementation of OTRA using two CFOA’s 

 

 

 

 

Table 2:Design values of the passive components used for the 

third order voltage mode filters 
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IV. SIMULATION RESULTS 

The simulation is done by PSPICE technology using 

PROTEUS 8 professional. 

 

 

 

V.DISCUSSION OF DESIGN PROCEDURE 

In this section,the design of the amplifier in short channel 

MOSFET using alpha-power model is analysed. 
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VI.CONCLUSION 

Thus the third order universal filter is designed in voltage 

mode(VM) using a single OTRA and the amplifier design 

procedure using alpha-power model is discussed.The 

simulation results are performed using the PSPICE 

technology of PROTEUS 8 professional tool.The design 

of the filter is done by the RC:-RC decomposition 

technique using a single OTRA.Therefore,it reduces a 

number of OTRA’s compared to the previously reported 

ones. 
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