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Abstract:Over the last few decades, the circuit designers have used the voltage mode signaling technique for the 
designing of analog circuits. Through this technique was very reliable yet with the progress of technology it is 
facing some serious problems. The evolutions of submicron technologies has resulted in the requirement to use 
low power supply voltage which makes it difficult to design voltage mode circuits with high level of linearity in 
a wide dynamic range. Also as the signal processing moves to high frequencies, the constant gain bandwidth 
product of this techniques makes it unfit to the used. The sluggish slew-rate of this technique is also a problem 
for upcoming faster circuits.These problems can be solved by implementing analog signal processing circuits 
using current mode techniques. The major benefits associated with current mode signaling are larger dynamic 
range and better linearity, higher bandwidth; higher slew-rate besides others. Different analog circuit building 
blocks working on current mode signaling techniques are available such as various generations of current 
conveyor, CFOA, CDTA, CDBA, OTA, OTA etc.Thispaper is dedicated to OTA based analog circuits. A brief 
introduction to fractional order current mode signalling and some of its blocks is given followed by a literature 
review of OTA which includes its realization techniques and applications. OTA based fractional order low and 
high pass filter topologies are proposed and their workability is verified using PSPICE. 

1. Background 
The field of Digital signal processing is becoming technically more and more powerful and important with the 
advances in IC technology which provides compact and efficient implementation of these algorithms in silicon 
circuits.  Indeed many type of signal processing today require Digital Signal Processing, yet the importance of 
Analog Signal Processing circuits has not reduced. This is due to the fact that most of the signals available in the 
nature which are required to be processed are analog in nature like speech signals, voice signals, signals 
generated inside earth’s crust etc. For utilizing these signals in various useful applications, they are first 
captured with the help of sensors, than processed in there analog form and then converted into digital form for 
further processing and communication process. Hence it can be said that the analog circuits also behave as a 
bridge between analog signal world and digital signal processing systems [1-3]. As we are improving our 
technology and exploring new spaces, we require processing of different types of analog signals and therefore 
the importance of improved analog signal processing blocks and circuits is increasing rapidly. Amplifiers 
(OTA), current-feedback op-amps (CFOA), four terminal floating nullors (FTFN), differential voltage current 
conveyor (DVCC), differential difference current conveyor (DDCC), dual X current conveyors (DXCCII), 
current controlled current conveyors (CCCII), operational trans-conductance amplifier (OTA)  etc. Employing 
these new active elements for analog design and using CMOS technology for implementation of the circuit’s 
designs obtained new possibilities in signal processing field.  In this paper OTA has been explored for realising 
various analog signal processing circuits. 
 
2. Literature Survey 
A Sultan Ali et al [14] presented a general procedure to obtain Butterworth filter specifications in the fractional-
order domain where an infinite number of relationships could be obtained due to the extra independent 
fractional-order parameters which increase the filter degrees-of-freedom. The necessary and sufficient condition 
for achieving fractional-order Butterworth filter with a specific cutoff frequency is derived as a function of the 
orders in addition to the transfer function parameters. The effect of equal-orders on the filter bandwidth is 
discussed showing how the integer-order case is considered as a special case from the proposed procedure.  

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 8, AUGUST/2018

ISSN NO: 2394-8442

PAGE NO:139



RituTanwar et al [15] Analyzed of analog filter of fractional order is the main objective of this paper. The 
basics of fractance device are studied. Rational approximation of fractional order operator using continued 
fraction expansion is carried out. Analytical expressions of the differentiator operator for different input signals 
have been developed and simulated in MATLAB software and corresponding simulation results are shown for 
different orders of differentiation. Fractional order filter is studied and performance of the fractional order filter 
is checked for different input signals (sine wave, trapezoidal wave, sawtooth wave and chirp signal) with 
random noise and simulated in MATLAB software and the resulted output is compared with the integer order 
filter output. Thomas helie [16] have considered a family of causal stable filters with fractional order. In the 
frequency domain, their attenuation corresponds to decibels per octave. Thus, cascading such a filter with any 
standard filter (of integer order) allows the synthesis of any attenuation slope beyond the cutoff frequency. The 
main difficulty to cope with such filters is that they do not correspond to any finite dimensional differential 
system and that their transfer functions are not rational. However, in the previously found results had three 
practical limitations. Jeffery w. bell[17] presented the extension of simple Disambiguation of Orthogonal 
Projection in Kalman’s Filter Derivation. It is shown therein that Kalman misunderstood and consequently 
misapplied orthogonal projection in his derivation. Shocking analysis shows the Kalman filter (KF) to be truly 
optimum only in the absence of specific additive statistical measurement noise it is explicitly designed to filter 
out, rendering it a deterministic curve-fitting algorithm. Also included are two examples demonstrating that the 
KF is not the universally asserted minimum variance linear unbiased estimator. These consequences are based 
on the newly introduced multi-fractional order estimator (MFOE). A G Radwan et al [18] shown that using 
fractional calculus, filters may also be represented by the more general fractional-order differential equations in 
which case integer-order filters are only a tight subset of fractional-order filters. They have shown that low-pass, 
high-pass, band-pass, and all-pass filters can be realized with circuits incorporating a single fractance device. 
They have derived expressions for the pole frequencies, the quality factor, the right-phase frequencies, and the 
half power frequencies. A G Radwan et al [19] worked on the design of continuous-time filters in the non-
integer order (fractional-order) domain. In particular, they have considered here the case where a filter is 
constructed using two fractional-order elements of different orders a and b. The design equations for the filter 
are generalized taking into consideration stability constraints. Also, the relations for the critical frequency points 
like maximum and minimum frequency points, the half power frequency and the right phase frequency are 
derived. The design technique presented here is related to a fractional order filter with dependent orders a and b 
related by a ratio k. Frequency transformations from the fractional low-pass filter to both fractional high-pass 
and band-pass filters are discussed. Ahmad Soltan et al [20] worked on the design of continuous-time filters to 
the fractional domain with different orders and validates the theoretical results with two different CCII based 
filters. In particular, they have proposed study introduces the generalized formulas for the previous fractional 
order analysis of equal orders. The fractional-order filters enhance the design flexibility and prove that the 
integer-order performance is a very narrow subset from the fractional-order behaviour due to the extra degrees 
of freedom.  
 
3. Proposed Work 
In this proposed work, the design of current mode Fractional order low pass and high pass filter using OTAs 
(Operational trans-conductance amplifier) as an active element has been proposed. The approximate transfer 
functions of low and high pass filters of fractional order on the basis of the integer order transfer has been 
shown and the form of those functions (high pass & low pass) is also implemented using OTA as an active 
building block. In this work, a low and high pass filter of the different sequence has been realized. The operation 
of the design is tested using simulation results on PSPICE with TSMC CMOS 180 nm technology parameters.  
 
4. OTA (Operational Trans-conductance Amplifier) 
Operational trans-conductance amplifiers (OTA) are devices that convert an input voltage to an output current. 
They are primarily voltage-to-current amplifiers. Unlike traditional operational amplifiers, or op-amps, OTAs 
represent a voltage-controlled current source (VCCS). Their trans-conductance parameter is controlled by an 
external, amplifier-bias current and expressed as a function of the applied voltage. Because an OTA’s output 
impedance is high, some operational trans-conductance amplifiers have on-chip controlled impedance buffers 
for driving resistive loads. The dependence of open-loop bandwidth, closed-loop bandwidth, and frequency 
responses are similar to those of conventional operational amplifiers, however. For OTA circuits that use 
negative feedback, there is a very close relationship between the closed-loop bandwidth, the amplifier bias 
current, and the closed loop gain. 
 

5. Simulation Results and Discussion 
In this section, simulation results of the proposed designs have been shown. The table shows the value of 
capacitors and resistors. 
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Fig 5.1: Transconductance of OTA 

 

Fig5.2:  LPF of 1.1 using OTA 

 

Fig 5.3: LPF of 1.5 using OTA 

 

Fig 5.4: LPF of 1.5 using OTA 
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Fig5.5: HPF of 1.1 using OTA 

 

Fig 5.6: HPF of 1.5 using OTA 

 

Fig 5.7:HPF of 1.8 using OTA 

Element Low Pass Filter High Pass Filter 
Order 1.1  1.5  1.8 1.1  1.5  1.8 
R (kΩ) 3.33 3.33 3.33 3.33 3.33 3.33 

R1 (kΩ) .100 0.120 0.550 120.67 19.43 120.67 
R2 (kΩ) 5.06 2.45 1.42 6.20 0.2 0.2 
R3 (kΩ) 327 401.73 17.27 0.300 5.56 1.285 
C1 (nF) 3.32 3.55 3.87 2.326 3.55 4.87 
C2 (nF) 10.12 7.79 7.05 6.63 7.79 7.05 
C3 (nF) 41.67 31.37 26.73 41.67 31.37 22.73 

Table 1 value of passive components 

The calculated value of trans-conductance of OTA is 300.09uA/V. The response of the low and high pass filters 
of various non integer orders using OTAs is shown in respectively, where the -3 dB frequency of the low pass 
filter of order 1.1, 1.5 and 1.8 is 9.63KHz, 10.09KHz and 9.80KHz respectively and the cutoff frequency of the 
high pass filter of order 1.1, 1.5 and 1.8 is 9.80KHz, 9.90KHz and 9.80KHz respectively. The predicted value of 
-3 dB frequency was 10 KHz. The correct operation of the proposed filters of different orders shown in Figure 
above. The deviation in the response of the filter is due to the parasitic of the OTA and the passive components, 
which are used in the proposed circuit. These effects can be minimized by good layout techniques. 
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6. Conclusion 
In this thesis, a detailed study of the Operational Transresistance Amplifier (OTA) has been presented. OTA 
being a current mode building block inherits the advantage of current mode processing such as large dynamic 
range, higher slew rate, low power consumption and higher signal bandwidth. Also because of its internally 
grounded input terminals, parasitic capacitance effect is minimized. OTA can operate in both voltage and 
current mode, thus provides further flexibility and enables a variety of circuit design. 
 
In this work, low and high pass filters of various non integer orders are designed by using OTA as an active 
building block. The advantage of this work is that a less number of active block and passive elements are used, 
which makes this design area efficient and less noisy. The OTA active block has its own advantage in synthesis 
and designing. The simulation results and the mathematical expression of low and high pass filters of various 
non integer orders, verify the functionality of the proposed work in terms of cutoff frequency. The design is 
considered as efficient design in terms of area and noise. 
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