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        SWAPNIL PANDEY
ABSTRACT

OTRA is a current controlled voltage source. It has two low input impedance and one low output impedance terminals and its bandwidth is independent of closed loop voltage gain. Simulation results are presented to demonstrate the constant bandwidth performance. In this project firstly the internal circuits of Operational Transresistance amplifiers (OTRA) have been designed and simulated.
Application of the OTRA in realizing continuous time voltage mode filters that benefits from the current processing capabilities at the input terminals of OTRA are presented. These are designed using minimum OTRA and minimum external passive elements and can realize first, second and third order filters. Specifically all pass, low pass, high pass and notch filters are designed using OTRA. A detailed analysis taking the effect of the finite transresistance gain into consideration is provided.

A parasitic capacitance insensitive highly linear, MOSFET-C differentiator with reduced no of capacitors and MOSFET transistor using OTRA are proposed. Only two capacitors are required for a differentiator to achieve cancellation of MOSFET non-linear ties. 

A configuration to realize the most general n-th order voltage transfer function is proposed. It employs only one OTRA as the active element. In the synthesis of the transfer function, the RC:-RC decomposition technique is used.

The voltage mode integrator is implemented by using OTRA.
The comparative study of various analog-circuits realization has been done with OTRA as a basic building block. The practicality and ease of already available ICs such as the CFOA (current Feedback Operational Amplifier) in simulating OTRA applications has been studied.

The proposed circuits are insensitive to parasitic capacitances and resistances due to internally grounded input terminals of OTRA. Low output impedance of the configuration enables the circuits to be cascaded without additional buffers. The theoretical results are verified with PSPICE simulations based on 0.5um CMOS Process Parameters and various parameters have been explored comparatively.
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INTRODUCTION
CHAPTER 1

INTRODUCTION

1.1 BACKGROUND 

A variety of linear integrated circuits have been implemented using the OTA as the basic building block. However due to their poor high frequency response and other disadvantages mentioned below, the OTRA has been assuming higher popularity.

The growing demand for mobile communication has led to high level of chip integration & directed research towards the field of high frequency application. In the new designed circuit topologies for high frequencies, current-mode approach is preferred rather than the traditional voltage-mode structures.  Since the OTRA is not slew limited in the same fashion as op amps, (Slew rate is the time rate of change of the closed loop amplifier o/p voltage dv/dt under large signal conditions) It can provide amplification of high frequency signals with the ease  of using standard opamp in addition to a constant bandwidth virtually independent of the gain.

1.2 GOALS AND OUTLINE OF PROJECT

The goal of the project is to have an extensive study of the Operational Transresistance amplifier.In this project, implementation of various analog-circuit realization using OTRA as basic building blocks along with a study of their comparative behavioris proposed. 


This would involve studying and implementing the various internal analog circuit representation of OTRA. The performance of these circuits would be analyzed using PSPICE and various parameters would be explored comparatively. Theproperties of OTRA are shown to be suitable for suitable for VLSI applicationsemploying MOS transistor operating in ohmic region.

Firstly, three different internal realizations of Operational Transresistance Amplifiers are presented. These circuits will be realized using MOSFETS. To allow for the comparative study, all the circuits will be simulated using the MIETEC 0.5μm level 3 parameters. 

The comparison of the circuits with regards to how close they approach to ideal behavior have been done via various applications using the OTRA as the basic block. Application of the OTRA in realizing Continuous time filters, Differentiators , Inverting and Non -inverting amplifiers and voltage controlled voltage source have been subsequently presented. Due to importance of Electronic filter in communications and instrumentation systems, special attention has been given to filter realizations and simulation. First, second as well as third order realizations of all pass filter as well as second order Notch Filter have been discussed.

The MOSFET- C differentiator is based on the concept of switched capacitors, the MOSFETs integrating the capacitors are made to operate in the triode region. Similarly, the VCVS can be simulated via MOSFETs operating in their triode region, but will be done by using resistors owing to ease of analysis. However, in practical, on board applications, it would bebetter to use active elements to simulate these resistances.
The project will then conclude with a brief study on the future scope with respect to the realization of an OTRA block. The practicality and ease of already available ICs such as the CFOA (current Feedback Operational Amplifier) in simulating OTRA applications have been studied.
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CHAPTER 2

INTRODUCTION TO OPERTAIONAL TRANS RESISTANCE  AMPLIFIERS

2.1  OPERATIONAL TRANSRESISTANCE AMPLIFIERS(OTRA)

In recent- years, the signal processing extends to the higher frequency, the circuit designers are finding that the traditional design methods which bases on the voltage operational amplify are no longer adequate. .It is well known that a voltage mode traditional operational amplifier has a bandwidth, which is depends on the close-loop voltage gain. The attempt to overcome this problem has led to a renewed-interest in circuits, which operated in current mode. A current amplifier, a transconductance amplifier and a transresistance amplifier, mostly knew works in a current mode. A related device (the current feedback op-amp) has recently become commercially available. The widely used transconductance amplifier is the one that appropriates to drive a capacitive load only. Here a transresistance amplifier is proposed that suit for amplify signal from the devices that have a characteristic as a current source such as inductor and capacitor. Transresistance amplifiers working from capacitive sources such as photodiodes are difficult to implement with conventional voltage feedback op-amps. Because of their input impedance are high. And transresistance amplifiers employ current processing techniques to improve dynamic speed capability and particular feature of these designs is their ability to provide a constant bandwidth virtually independent of closed-loop gain. Normally, the differential input transresistance amplifier is more useful circuit building block. The basic block diagram of the operational transresistance amplifier (OTRA) can show in follow figure. 
[image: image122.png]


                          
Fig. 2.1 Equivalent circuit of an operational transresistance amplifier (OTRA) 
Although the OTRA is commercially available from several manufactures under the name of NORTON amplifier or current differencing amplifier, it has not gained attention until recently. These commercial realizations do not provide internal ground at the input port and they allow the input current to flow in one direction only. The former disadvantage limited the functionality of the OTRA whereas the latter forced to use external DC bias current leading complex and unattractive design.Recently, current-mode analog integrated circuits in CMOS technology have received considerable interest. Current-mode techniques can achieve a considerable improvement in amplifier speed, accuracy and bandwidth, overcoming the finite gain bandwidth product associated with opamp .
Traditionally, most analog signal processing operations have been accomplished employing the voltage as the signal variable. In order to maintain compatibility with existing voltage processing circuits, it is necessary to convert the input and output signals of a current-mode signal processor to voltage using transconductors. This has the disadvantage of increasing both the chip area and power dissipation. OTRA is suitable for low voltage operation since it minimizes stacking of transistors due to the use of shunt-shunt feedback technology.

The circuit symbol of the OTRA is illustrated in Figure 2.2. The port relation of an OTRA can be characterized by the following matrix form, 
 [image: image2.png]I



 ……………………2.1
                           Fig 2.2 EQUIVALENT CIRCUIT OF OTRA

Obviously, both input terminals are virtually grounded leading to circuits that are insensitive to the stray capacitances. The output voltage is the difference of the two input currents multiplied by transresistance Rm. The circuit in Fig. 2.2 is proposed to construct this building block. For ideal operation, the transresistance gain approaches infinity, and external negative feedback must be used which forces the input currents to be equal. Thus, the OTRA must be used in a feedback configuration in a way that is similar to the op-amp. 

The OTRA has attracted considerable attention of analog designers due to recent developments in current mode integrated circuits. So an OTRA is a high gain current input voltage output device. Using this device in a negative feedback loop should make it possible to obtain very accurate transfer function.
A transresistance amplifier employs current processing techniques to improve dynamic speed capability and the particular feature of these designs is the ability to provide a constant bandwidth virtually independent of closed loop gain. Normally the differential input transresistance amplifier is a more useful circuit building block.

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 been shown that the differential current input nature of this device considerably simplifies the implementation of a MOSC analog integrated circuit. OTRA has the advantages of a high slew rate and wide bandwidth due to the fact that it benefits from the current processing capabilities at the input terminals. On the other hand since its output terminal is characterized as having low impedance, an OTRA is suitable for voltage mode operations, keeping compatibility with existing signal processing circuits. Some filter applications of an OTRA are present in the literature. Also, realization of nth order transfer functions using OTRAs were reported a long time ago. In recent years, several high-performance CMOS OTRA realizations have been presented in the literature. This leads to growing interest for the design of OTRA-based analog signal processing circuits. 

2.2 OPERATIONAL TRANSCONDUCTANCE AMPLIFIER (OTA)

An operational transconductance amplifier (OTA) is a voltage controlled current source (VCCS).One of the first papers on OTAs in the literature appeared nearly 30 years ago. This paper described a bipolar OTA. At that time the emphasis was on amplifiers with feedback, such as op-amps. Thus the commercial OTAs were not meant to be used in open loop mode. The maximum input voltage for a typical bipolar OTA is of the order of only 30mV, but with a transconductance gain tenability range of several decades. Since then, a number of researchers have investigated ways to increase the input voltage range and to linearise OTA. Some of the key attractive properties of OTAs are their fast speed in comparison with conventional low output impedance op-amps, and their bias dependence transconductance   programmability (tunability).The wideband of the OTA is due in part to the fact that their internal nodes are low impedances. However, the internal low impedance & parasitic capacitance still cause a non-zero transconductance phase shift, known as ‘excess phase’. When the OTA are connected in a system in closed loop, the excess phase makes the actual frequency response deviate from the ideal case, especially for high-Q systems. In the extreme case, the system becomes unstable if the excess phase is not reduced. The main characteristics of a practical OTA are:

· Limited linear input voltage range

· Finite bandwidth

· Finite signal to noise ratio

· Finite output impedance

The output impedance can be increased using cascode structures at the expense of reduced output signal swing. Their programmability is caused by the transconductance bias dependence; this dependence allows several decades of tuning for transconductance with MOS transistor operating in weak inversion (or by using bipolar transistors) and about two octave for MOS transistors operating in strong inversion. The OTA is a transconductance type device, which means that the input voltage controls on output current by means of the device transconductance, leveled gm. This makes the OTA a voltage-controlled current source (VCCS), which is in contrast to the conventional op-amp, which is a voltage controlled voltage source (VCVS). What is important and useful about the OTAs transconductance parameter is that it is controlled by an external current, the amplifier bias current Iabc. From this externally controlled transconductance, the output current is a function of the applied voltage difference between the two input pins, labeled v+ and v-, is given by
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………………………………………………………...2.2

Clearly, an output voltage can be derived from this current by simply driving a resistive load.

                              [image: image5.png]vt

'FAGURE 2.3: OTA SYMBOL REPRESENTATION AND EQUNALENT MODEL




An ideal transconductance amplifier is an infinite bandwidth voltage-controlled current source, with an infinite input and output impedance. The operational transconductance amplifier (OTA) can be used as a replacement for the conventional op-amp in both first and second-order active filters. 

A great deal more research was performed in the area of linear transconductance amplifiers than on transresistance amplifiers. Fortunately we can utilize the existing knowledge to our advantage because it is easy to convert a transconductance to a resistance using the technique depicted in Fig. 2.4
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CHAPTER 3

CMOS OTRA INTERNAL CIRCUITS

3.1 INTRODUCTION

The OTRA is a three terminal analog building block with a describing matrix in the form shown in fig 2.2. Both the input and output terminals are characterized by low impedance, thereby eliminating response limitations incurred by capacitive time constants. The proposed circuits are all cascadable because of the low output impedance of the OTRA.

3.2  OTRA INTERNAL CIRCUITS 1
The circuit symbol of the OTRA is illustrated in figure 2.2. The port relation of an OTRA can be characterized by the matrix of equation 2.2 This active element can easily be implemented by CMOS devices using the configuration of the following circuit  consisting of a differential current controlled current source (DCCCS) followed by a voltage buffer .Therefore, the OTRA is not a much complicated circuit compared to the usually employed current mode active elements, e.g. CFOA. Moreover, since the OTRA can be considered as a collection of current and voltage-mode unity gain cells, this element is free from many parasitic and is expected to be suitable for high-frequency operation .
Nonideality analysis

The output voltage Vout of an OTRA is given as 

Vout =Rm (Ip-In) ………………………………………………………………3.1

In ideal operation, it is assumed that the transresistance gain Rm approaches infinity. However, in reality Rm has a finite value and it is frequency independent. Considering a singe-pole model for the gain, Rm is expressed as 

Rm=Rmo/(1+jw/wo  )...........................................................................................3.2

 Where wo is the pole angular frequency of the OTRA, w is the radian frequency and  Rmo is the DC gain of the OTRA. When the frequency is much larger than the cutoff frequency, the gain Rm in the s domain can be expressed as 

Rm(s)=Rmoso/s=1/(s/Rmo)=1/sCp      .................................................................3.3

CONCLUSION        
PSpice simulation is performed by MIETEC 0.5um CMOS Process Parameters. Supply voltage are taken as VDD=5V and VSS=-5V.                                                                                                                                                                       
The frequency response of the CMOS OTRA is shown in simulation. The cutoff frequency is more than  1MHz and the unity gain frequency is 10 GHz. Note that unity gain frequency of 741 op-amps is only 1MHz. Thus, the proposed OTRA is capable of working efficiently even at much higher frequencies. The non-idealities affect the circuit and cause the output to deviate from expected values.
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3.3 OTRA INTERNAL CIRCUITS 2 

The CMOS Realization of the proposed low power wide band OTRA is shown in circuit. It is based on the cascaded connection of the modified differential current conveyor (MDCC) and a common source amplifier. The MDCC provides the current differencing operation, whereas the common source amplifier provides the high stage gain.

Assuming that each of the groups of the transistors are matched. And assuming that all the transistors operate in the saturation region, the circuit operation can be explained as follows.

The current mirrors force equal currents (IB) in the transistor .This operation drives the gate to source voltage to be equal and, consequently forces the two input terminals to be virtually grounded.

The current mirror formed by the transistor pairs provide the current differencing operation, whereas the common source amplifier achieves the high gain stage. It is clear that modified OTRA has smaller number of current mirrors than Salama and Soliman OTRA which reduces the transistor mirror mismatch effect and also increases the frequency capabilities. Moreover, the proposed OTRA uses smaller number of transistors which reduces the power dissipation.

For ideal operation, the transresistance gain approaches infinity and negative feedback forces the two inputs current to be equal. Practically, the transresistance gain is finite and its effect should be considered. Also, the frequency limitation associated with the OTRA should be considered.

Considering the single-pole model for the transresistance gain, Rm then:

Rm(s) = Ro / (1+ s/wo)………………………………………………………….3.4

For high frequency applications, the transresisance gain, Rm(s) can be expressed as

Rm(s) ~ 1/ sCp…………………………………………………………… …….3.5
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In the following section, the application of the OTRA in realizing amplifiers, continuous time filters and differentiator is introduced. Methods to compensate for the finite frequency dependent transresistance gain, Rm are developed. Both passive compensation and self compensation are considered. Pspice simulation results are also included to verify analytical results.

Non-Linearity cancellation in MOS circuits. 
The OTRA is suitable for non-linearity cancellation, as the two input terminals are virtually grounded. Assume that the two NMOS transistor, shown in Fig. 3.1 are matched and operating in the ohmic region. 

[image: image10.emf]
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The current in that region is given by:

I= KN (VG-VT) (VD-VS)+a2(VD2-VS2)

    +……                                               ………………………………………… 3.7

Since the transistors M1 and M2 have equal drain and source voltages, both the even and odd non linearties are cancelled [12],

I1-I2 = G (V1-V2)………………………………………………………………...3.8

Where

G = KN (Va-Vb) and KN = µN Cax (W/L)…………….. ……………………......3.9

Several methods have been developed to subtract the current of MOS transistors operating in the ohmic region. In the following sections, the input terminals of the OTRA are used to achieve the subtraction operation giving rise to circuits working in the voltage mode that benefit from the current processing capabilities at the input terminals. In addition positive and negative values of the conductance, G can be achieved through appropriate choice of the gate control voltage Va and Vb.

CONCLUSION 
A new realization of OTRA is presented. The OTRA provides a constant bandwidth virtually independent of the gain. The main advantage of the OTRA is the ability to implement different analog circuits without the need of resistors, as it can be used to cancel both the even and odd non-linear terms associated with MOS transistors operating in the ohmic region.

The proposed applications, which employ this concept, are MOS-C amplifiers, integrators, continuous time filters and oscillators. The effect of the finite transresistance gain is considered and methods for compensation have been proposed. PSpice simulations that confirm the theoretical analysis are included.
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3.4 OTRA INTERNAL CIRCUIT 3
The OTRA can be described by

Vo (+) = Rm(+) I(+)……………………………………………………...……3.10

Vo (-) = Rm(-) I(-)……………………………………………………………..3.11

Obviously, from the above equations, both negative and positive input terminals are virtually grounded, and their output voltage is difference of two input currents multiplied by transresistance gain (Rm). The proposed circuit is shown in the following circuit.

The proposed circuit is consisted of the transresistance amplifier cell connecting with the common source negative feedback and the output driver circuit. The input and output impedance of the circuit is low because the negative feedback and output driver circuit are used. The voltage buffer is used for the output driver circuit. The feedback network particular increased bandwidth and enhances the linearity of the transresistance amplifier. The biasing current of this shunt-shunt common source negative feedback can also tune the gain of the close-loop circuit configuration.

Consider the circuit consisting of 6 PMOS transistors, cascode by 6 NMOS transistors, with symmetric connections. The above part of the circuit has 4 PMOS transistors connected as Wilson current source. This current mirror is connected to the drains of transistors MP5 and MP6 that work as input terminals of OTRA. For the NMOS part, transistors are connected similarly as mentioned before. Connection between PMOS part and NMOS part, describes only one part of the circuit. Two terminal output voltages of the circuit are at drain of both transistors MP11 and MN5. And have positive and negative input terminals at the drain of transistors MN1 and MN4. When the input current injected to this OTRA, it also affects the output voltages of this circuit because the voltage depends on the current that flow to the transistor (Ids) as per the following equation

Ids = k[image: image14.emf]w
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wL

 [(VGS-VT) 2 (1+ƛVOUT)………………………………...3.12 

And this current is mirrored from the input current. Sum of VDS of MP10 and MP11 subtracted from the positive supply voltage VDD is the voltage output at node1. The voltage output is negative supply voltage VSS added by the sum of VDS of MN5 and MN6 and both VDS of MP10 and MP11 depend on Ids of MP10 and MP11 that is mirrored by MP8 and MP9. We can express by following equation

 SHAPE  \* MERGEFORMAT 


…………………………………...3.13
Where is the channel length modulation factor

In this situation IMIRROR is equal to the current that flow through the transistor MP10 (IdsMP10) and also equal to the current of MP11 (IdsMP11). So the Rm of this circuit can be found as 

· .........................................................................................3.14
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When the value of channel length modulation factor of the transistor is small, the gain Rm value will be considered large and nearly infinity if we consider the channel length modulation factor as not significant. The positive input and negative input impedance of the Rm amplifier can be expressed as
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And
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If considered that all transistors is complementary, the Rin(+) and Rin(-) can approximated to be equal. For the output impedance, from looking into node Vout we found that equal to 

[image: image20.emf]r


g


r


g


g


r


g


out


mMP


dsMP


mMP


mMN


dsMN


mMN


1


2


4


6


2


4


6


1


1


1


1


=


+


+


+


+


(


)


/


/(


)




r

g

r

g g

r

g

out

mMP

dsMP

mMP mMN

dsMN

mMN

1

2

4

6 2

4

6

1 1 1 1  

  

( )//( )

…3.17
The transfer characteristic simulation results of the Voutl and Vout2 of the operational transresistance amplifier or the OTRA amplifier circuit in fig. Simulation result of both positive and negative input terminals has shown in fig. The voltage supply (VDD and VSS) is 2.5V and –2.5V. And the input current is varied from -10mA to 10mA. 

For the feedback network part, it connects to the output voltage from the output driver circuit and injected the current output of the feedback network part at the current input node of the fundamental Rm amplifier cell. Previously, the gain of the fundamental OTRA is extremely high. Then we can evaluate that the gain of the closed-loop OTRA circuits is proportional to the gain of feedback part (AF=1/F). So the gain of the completed OTRA in the figure can be express in following equation.
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Rin is the input impedance of the feedback section

From Equation 3.18, when the current bias has been adjusted, it also adjusted the gain of the completed OTRA. The nearly unity gain voltage buffer is connected to reduce the output impedance. So the output impedance of the completed OTRA is equal to the next equation.
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CONCLUSION 

                                                                                                                                                                                                                                                                                       In order to verify the constant bandwidth performance and the current tunable gain of the completed, OTRA, the non-inverting amplifier is selected to be simulated. The circuit has 10V and -10V supply voltage.  A graph relating frequency and gain in dB of the biasing current of 20mA at the feedback network has been plotted. The simulation has shown that the high frequency cutoffs of the circuit are at the frequency of 10MHz. So the bandwidth of this circuit is a constant (does not depend on the close loop gain)

In process of simulation, input current (Iin) has been swept. Even if the graph will be plotted for different value of Ibias, the bandwidth of non inverting amplifier will be constant as the high frequency cut off of the circuit will always be at same frequency. Its means that frequency response of this circuit is not depends on the gain of the circuit. And the gain of the circuit can tune easily by adjusting the biasing current. It is a good characteristic of this operational transresistance amplifier, which different from general operational amplifier. So in this work, the new CMOS operational transresistance amplifier has been presented. The simulation results have shown that this new circuit has the good electrical performances. The gain of the CMOS OTRA can be tunable by adjusts the Ibias of the negative feedback network. The bandwidth of this circuit is achieved high frequency. The signal processing circuits derived from this OTRA usually have a constant bandwidth by using the negative feedback configurations. The simulation results, which confirm theoretical analysis, have been obtained. And the result of experimentation is the same as the simulation results.

Also the basic OTRA cell can be used as inverting and non inverting amplifier. The simulation results for Rm amplifier are shown-in figure for both the output Vout1 and Vout2. There is difference of approximately 4 volts between Vout1 and Vout2 in both inverting as well as non inverting amplifier.

CHAPTER 4

REALIZATION OF  FILTERS USING SINGLE OTRA

CHAPTER 4
4.1 INTRODUCTION
4.1.1 Linear Filters

A linear filter applies a linear operator to a time-varying input signal. Linear  filters are very common in electronics and digital signal processing , but they can also be found in mechanical engineering and other technologies. They are often used to eliminate unwanted frequencies from an input signal or to select a wanted frequency amongst many others. There are a wide range of types of filters and filter technologies.

Regardless of whether they are electronic, electrical or mechanical or what frequency range or timescale they work on, the mathematical theory of linear filters is universal.

4.1.2 Classification by transfer function
4.1.2.1 Impulse response
Linear filters can be divided into two classes: infinite impulse response(IIR) and finite impulse response(FIR) filters. In general, a filter with a compact frequency response will have an infinite impulse response and a filter with a compact impulse response will have an infinite frequency response. Until recently, only analog IIR filters were practical to contruct. However, technologies such as analog delay lines and digital filters have made the construction of FIR filters practical.

4.1.2.2 Frequency response


There are several common kinds of linear filters:

·  A low-pass filter passes low frequencies.

· A high-pass filter passes high frequencies.

· A band-pass filter passes a limited range of frequencies.

· A band-stop filter passes all frequencies except a limited range.

· A all-pass filter passes all frequencies but alters the phase relationship among them.

· A notch filter is a specific type of band-stop filter that acts on a particularly narrow range of frequencies.

· Some filters are not designed to stop any frequencies, but instead to gently vary the amplitude response at different frequencies: filters used as pre-emphasis filters, equalizers or tone controls are good examples of this.

Band-stop and band-pass filters can be constructed by combining low-pass and high-pass filters. A particular form of 2 pole filter is Sallen-key type. This is able to provide low-pass, band-pass, and high-pass versions.

4.1.3 Mathematics of filter design.
Linear filters of all types can be completely described by their frquency response and phase response, the specification of which uniquely defines their impulse response, and vice versa. From a mathematical viewpoint, continuous- time IIR filters may be described in terms of linear differential equations, and their impulse responses considered as Green’s functions of the equation. Continuous- time filters can also be described in terms of the Laplace transform of their impulse response in a way which alow all of the characteristics of the filter to be easily analyzed by considering the pattern of poles and zeros of their Laplase transform in the complex plane (and in discrete time, one can similarly consider the Z – transform of the impulse response)

Many different analog filters designs have been developed, each trying to optimise some features of the system response. For practical filters, a custom design is sometimes desirable that can offer the best tradeoff between different design criteria, which may include component count and cost, as well as filter response characteristics.

Some classic IIR filter types include the following:

· Bessel filters

· Butterworth filters

· Chebyshev filters

· Cauer filters ( elliptic filters)
These descriptions refer to the mathematical properties of the filter (that is the frequency and phase response). These can be implemented as analog circuits (for instance using a Sallen key filter topology, a type of active filter) or as algorithms in digital signal processing systems.

Digital filters are much more flexible to synthesize and use than analog filters, where the constraints of the design permits their use. Notably, there is no need to consider component tolerance and very high Q levels may be obtained. FIR digital filters may be implemented by the direct convolution of the desired impulse response with the input signal. IIR digital filters are also easy to design. However, IIR digital filters do have their own mathematical design problems, in particular relating to dynamic range and round-off nonlinearity problems.
4.2 PROPOSED CONFIGURATION 1 

The port relation of an ideal OTRA can be characterized by matrix form of Equation 2.2.

For ideal operation, the transresistance gain approaches infinity forcing the input currents to be equal. Thus, the OTRA must be used in a feedback configuration in a way that is similar to the op-amp .The proposed configuration is shown in Fig. The voltage transfer function is obtained as follows:
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This transfer function allows the designer two different types of realizations for all pass filters by choosing the admittances appropriately.

          [image: image25.emf]
Fig 4.1Proposed general configuration Realization suitable for all passes filter

Realization 1: For Y1=SC1; Y2=1/R2; Y3=Y4=1/R; the transfer function becomes
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Note that if we interchange Y1 and Y2 selection, we obtain an inverting first-order all pass filters.

Realization 2: For Y1=sC1+1/R1; Y2=1/ (R2+1/Sc2); Y3= 1/R3; Y4=1/R4 the transfer function becomes
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If 2(C1R1+C2R2) =C2R1 and R4=2R3 a second order all pass filter can be realized.

If 2(C1R1+C2R2) =C2R1 and R4=R3 a second order notch filter can also be realized. 

The depth of the notch filter depends on the matching condition C1R1R3+C2R2R3= C2R1R. Inaccurate component values due to manufacturing tolerances reduce the depth. In some applications, such as gain equalization in transmission systems, a deep notch is not required but rather a dip in gain specifications over a limited band of frequency. Some optimum design strategies are given in [12].

The resonant angular frequency and the quality factor of the proposed filter are expressed as
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Sensitivity analysis of the proposed filter with respect to the passive elements yields:

[image: image30.emf]S


S


S


S


R


wo


R


wo


C


wo


C


wo


1


2


1


2


1


2


=


=


=


=


-




S S S S

R

wo

R

wo

C

wo

C

wo

1 2 1 2

12

   

……………………………4.6

[image: image31.emf]S


S


C


R


C


R


C


R


C


R


C


R


R


R


Q


R


Q


1


2


1


2


1


1


2


1


2


2


1


1


2


1


2


=


-


=


-


+


-


+


+


(


)




S S

CR CR CR CR C R R

R

Q

R

Q

1 2

12

11 21 22 11 2 1 2

 

    ( )

……………………………………...4.7

[image: image32.emf]S


S


C


R


C


R


C


R


C


R


C


R


R


C


Q


C


Q


1


2


1


2


1


1


2


1


2


2


1


1


2


1


2


=


-


=


-


-


-


+


+


(


)




S S

CR CR CR CR C R R

C

Q

C

Q

1 2

12

11 21 22 11 2 1 2

 

    ( )

…………..…………………………4.8

It is clearly observed from (4.6) to (4.7) that all passive sensitivities are lower than unity in magnitude for the proposed configuration. Thus, both inverting and non inverting type of first-order and second-order voltage-mode all pass filter are realized using only a single OTRA.

When the value of the transresistance gain is finite, the transfer function given in (4.2) becomes 

 SHAPE  \* MERGEFORMAT 


…………………………………………………......4.9 

At high frequencies where w>> wo with (4.9), (4.2) is modified as
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One can see from (4.10) that at high frequencies, all the Rmo terms in the previous case are multiplied by so/s and the response becomes a second-order function. Note that for sufficiently high value of Rmoso, this response reduces to (4.2). From (4.10) we conclude that for sufficiently low value of R3=R4=R small enough the non ideal response will approach to the ideal filter response.

4.3 FIRST ORDER ALL PASS FILTER
All pass filters are one of the mostly used filter types of all. They are generally used for introducing a frequency dependent delay while keeping the amplitude of the input signal constant over the desired frequency range. Other types of active circuits such as quadrature oscillators and high-Q band pass filters are also realized by using all pass filters. Op-amp, current conveyor (CCII) and four terminal floating nullor (FTFN)-based first-order all pass filters are available in the literature. Most of them either can realize first or second order all pass filters. It is well-known fact that open-loop circuits are less accurate compared to high-gain circuits. 

In this section, a novel configuration is proposed to realize first order all pass filters employing only a single OTRA.

SIMULATION RESULTS
To verify the theoretical study, the first-order all pass filter was simulated with PSpice. For this purpose, passive components were chosen as R1=1kΩ, C2=1 nF and R3=R4=1kΩ resulting 159-kHz center frequency. The simulations were performed using all the internal CMOS realization of OTRA Model parameters were obtained from the MIETEC 0.5-m CMOS process. Supply voltages are taken as VDD=2.5 V and VSS=-2.5 V. The simulated magnitude response of the filter is given in simulation along with the simulated phase response of the filter. The deviations in the frequency response of the filter from theoretical values are caused by the non idealities of the OTRA.The first order all pass filter should ideally be able to pass all frequencies. The all pass filter has been simulated by the four internal blocks (presented earlier) individually.

The internal block named otra1 gives a constant gain of -300mdb till the frequency 10MHz.Thus all signals of frequencies up to this value are passed with no attenuation or alteration of any form. However after 10 MHz, the response curve shifts from ideal behavior and starts to move upwards. It then provides a gain of -900mdb at 1 GHz.
The otra_internal2 also gives a similar ideal range as that of the previous block .However unlike the previous block, it starts gain after 100 KHz and signals are gained after that.
As we can see, all the blocks give an identical range of the frequencies passed, namely 1 MHz. Beyond this however there is either a gain or attenuation of the signal. If we observe closely we find that this attenuation or gain rises to extremely minute values. These values do not even rise to a 3db change till the simulated range of 10MHz. Thus we can safely conclude that the OTRA can be used to simulate an almost ideal first order all pass filter. 
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4.4 SECOND ORDER ALL PASS FILTER
Filters can be of n orders and here I have simulated a 2nd order all pass filter using one by one the four internal analog realization of the OTRA. According to the characteristics of the all pass filter, the filter passes a larger range of frequencies is obviously the one that will be given preference.

The all pass filter simulated by the otra 1 gives a -300mdb output till a very small frequency range, namely 100Hz.Thereafter the frequency response assumes extremely ideal behavior approximately after 10KHz and thereafter attenuation of the signal. The extent of this attenuation keeps rising till about 10KHz. After 10KHz the extent of attenuation reduces but the ideal behavior of the all pass filter is restored. 

The circuit simulated by otra 2 gives almost similar results as compared to the previous block. Here also the circuit attenuates signals belonging to a particular range of frequencies but unlike before, it is not restored to its ideal characteristics. The attenuation starts from 0Hz and continues till last.

Thus we can easily see that even though the filter simulated by the second block is not restored to its ideal behavior, for the same range of frequencies it gives a much lesser attenuation. On the other hand if we require a very ideal high frequency response then first circuits can be used because even though they provide attenuation for certain frequencies, the value of this attenuation is extremely small and can be ignored.

Thus the OTRA is very well suited for implementing second order all pass filters that approach ideal characteristics for almost all frequencies.
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4.5 SECOND ORDER NOTCH FILTER

The Notch filter passes all frequencies but a few selective ones. It is used when a very fine range of frequencies is to be rejected. The four blocks were used one by one to simulate the notch filter. It may be observed here that the value of the passive elements has been calculated such that they satisfy the conditions and equations required to realize a notch filter.
As can be seen from the simulation results for the otra 1, it resembles an ideal notch filter that selectively attenuates frequencies just less than 100 KHz, while it passes the rest without any attenuation. The phase response of the filter is also approaching an ideal form.

The otra 2 used as a notch filter provides attenuation to the same selective range of frequencies as before but the extent of attenuation is somewhat higher than before.

Clearly, the best block for simulating a notch filter that rejects a single frequency is otra 1.
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                                                                             OTRA 
4.6 PROPOSED CONFIGURATION 2
The proposed filter configuration is shown in Fig. Routine analysis yields the transfer function as follows
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This transfer function allows to designer four different types of realizations for first-order all pass filter by choosing the admittances appropriately.

I, II) For 
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And for Y1=G, Y2= sC, Y3= G+sC the transfer function respectively, becomes
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III, IV) For 
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And for Y1=sC, Y2=G, Y3= G+sC the transfer function respectively, becomes
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Thus, both inverting and non-inverting types of first-order all pass filters are realized. The proposed all pass filters have the following phase responses
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It is also possible to obtain second-order all pass and notch filters from the configuration of Fig. For
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The transfer function becomes
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It results a second-order all pass and notch responses if the conditions  2(C1G2 + C2G1) = C1 G2 and C1G2 + C2G1 = C1G1 are satisfied, respectively. The resonant frequency and the quality factor of these filters are expressed as
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Sensitivity analysis of the second-order all pass and notch filters with respect to passive elements yields
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It is clearly observed from (4.18) that all passive sensitivities are no more than one half in magnitudes for the proposed second-order all pass and notch filters.

 NON-IDEALITY ANALYSIS
In this section, the effects of the major non-idealities inherent in the OTRA on the proposed filters are considered and self compensation is introduced. Considering a single pole model for the transresistance gain Rm. 

Thus, both inverting and non inverting types of first-order pole model for the transresistance gain, Rm, then
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For filter applications which are intended for high frequencies, the transresistance gain, Rm(s), reduces to
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Where
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Taking into account this effect the transfer function in (4.12) becomes
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For complete compensation, the admittance Y3 must contain capacitor branch. In that case the filters can be designed taking the magnitude of Cp into consideration, by subtracting its magnitude from the capacitance value in Y3. Thus the effect of Cp can be absorbed in the integrating capacitance without using any additional elements and achieving complete self compensation. The concept of self compensation is applicable to the transfer functions T2, T4, and T5 which all contain capacitor elements in the admittance Y3. For the other two proposed circuits, transfer functions become
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If the value of Cp is low enough and if we choose the value of G high enough, then the above non-ideal response would approach to the ideal first order all pass response.

4.7 PROPOSED CONFIGURATION 3
To synthesize an nth order transfer function, one circuit  need n+ 1 active element, while another require n OTRAs. In this section, we present a configuration that is suitable for a high-order filter response, involving a single OTRA and the RC:-RC decomposition technique.

The general configuration to be used in the realization of nth order transfer function is shown in figure. 
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FIG 4.3 THE PROPOSED ALL PASS FILTER CONFIGLRATION




With the defining equation of an OTRA of Equation 3.1 where Rm is the transresistance gain and ideally approaches to infinity forcing the input currents to be equal, the voltage transfer function of the network in Figure is found as
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Where Ya, Yb, Yc and Yd are positive real admittance functions of passive two-terminal elements. One of their terminals is internally grounded due to input properties of an OTRA. In the literature, a current differencing buffer amplifier based nth order transfer function is realized using the same transfer function as equation 4.24

The form of T(s) in 4.24 and the RC:-RC decomposition technique prove that the proposed configuration can realize any voltage transfer function of the form
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Where m [image: image72.emf]£
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 n and ai’s and bi’s are real constants indicating coefficients of numerator and denominator polynomials respectively. Note that to realize the prescribed transfer function T(s) of Eqution 4.25, we write
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Where D(s) is an arbitrary polynomial of degree nD having only a simple negative real root, and where nD[image: image74.emf]³






 max (m, n) -1.

Note that m and n are the degrees of the numerator and denominator polynomials respectively.
4.8 THIRD ORDER ALL PASS FILTER
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FIG. 4.4 THIRD ORDER ALL PASS FILTER





As an example, a network for a third order normalized all pass function T(s) =

(-s3+2s2 - 2s+1) / (s3+2s2 +2s+1) is obtained and simulated using the configuration in Figure 4.3 In this design, the RC:-RC decomposition technique is used by choosing the arbitrary polynomial as D(s) =(s+1) (s+2). From 4.26, T(s) can be written as
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Considering the transfer function of the proposed configuration given in equation 4.24 and equating its numerator to the numerator of Equation 4.27 yields
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From Equation 4.28, the driving –point RC admittance functions are found as Ya =1/2+21s/ (2s+4) and Yb =s+6s/(s+1). If the same procedure is applied for the denominators (4.12) and (4.15), it is found that Yc= s+1/2 and Yd =3s/ (2s+4). The resulting third order all pass filter is shown in Figure 4.3. Normalized values of passive components comprising the admittances are found as Ra1 = 2Ω, Ra2=2/21 Ω, Ca=21/4F, Rb=1/6 Ω, Cb1=1F, Cb2=6F, Rc=2 Ω, Cc=1F, Rd=2/3 Ω, and Cd=3/4F. If we choose the impedance scaling factor as 80 x 103 and the frequency scaling factor as 2Πx100x103, the element values of the filter are calculated as Ra1=160kΩ, Ra2=7.619kΩ, Ca=104.445pF, Rb=13.333kΩ, Cb1=19.894pF, Cb2=119.366pF, Rc=160kΩ,Cc=19.894pF,Rd=53.333kΩ and Cd=14.921 pF. This choice leads to a resonant frequency of fo=100 kHz
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Non idealities Analysis

Considering a single pole model for the transresistance gain, Rm can approximately by expressed at high frequencies as
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Where Cp=1/ (Rowo), Ro is the DC transresistance gain and wo is the pole frequency. Taking into account the relation in 4.29 the voltage transfer function of the configuration in fig becomes
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If the admittances Yc and/or Yd contain a parallel capacitor, we will have a complete self compensation. In both of the example circuit Yc contains a parallel capacitor branch (Yc=1/Rc+sCc); hence the filters can be designed taking the magnitude of Cp into consideration and by subtracting its magnitude from Cc. In this way the effect of Cp can be absorbed in capacitance Cc without using additional elements and achieving complete self compensation.
 Simulation Results
The filter is simulated using the PSPICE program. The CMOS configuration proposed is used for the realization of the OTRA, with the MIETEC 0.5µm CMOS process parameters. In this configurations the supply voltages are chosen as VDD=10 V and Vss =-10 V. As can be seen from the gain and phase responses of simulation, the simulated results agree quite well with the theoretical ones.

The large signal behavior of the filter is also tested with SPICE simulation for a sinusoidal input voltage. Figure shows the simulated transient response of the third order all pass filter. 

A higher order filter is further simulated to view the response of the OTRA in realizing circuits where the number of passive component is increased as compared to the first and second order all pass filters.

In filter simulated by otra 1 the extent of attenuation is extremely low just below 100 KHz. This attenuation falls with as frequency rises, and it reach to a tolerable value till 1MHz. Thus this block is absolutely suitable for realizing third order all pass filters.

The filter simulated by otra 2 gives an excellent frequency and phase response. As seen there is absolutely little attenuation till 10 MHz and the filter passes all the frequencies easily. The phase response is also around ideal value.

We can clearly draw the conclusion that the performance of two of the internal blocks used to simulate all pass filter drops considerably as the number of passive elements rises.  The otra 1 and otra 2 gives excellent results for a third order all pass filters and thus should be used to realize the same.

4.9 THIRD ORDER LOW PASS FILTER
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= ½+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 figure. The element values of this filter are Ra1=160kΩ, Ra2=160kΩ, Ca=4.974 pF, Rb=80kΩ, Cb=19.894pF, Rc =160kΩ, Cc=19.894 pF, Rd=53.333kΩ and Cd=14.921pF. This choice also leads to a resonant frequency of fo =100 kHz.
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 SIMULATION RESULTS
Simulation shows the simulated frequency response for the third-order low pass filter. The simulation give similar results for the transient response and harmonic distortion of a low pass filter as those of an all pass filter. The standard circuit for a third order low pass filter is first defined. Then the values of the passive elements of the standard circuit are calculated in terms of RC and CR decompositions.

The first block i.e. otra 1 gives extremely poor results for a low pass filter of third order. It provides an extremely low attenuation value for the lower frequencies and thus can be used as a low pass filter.

The second OTRA block that is otra_internal2 gives extremely poor results for a third order low pass filter. The cut off frequency is same as that calculated theoretically. Moreover the phase response is not also as defined in theory.

4.10 DISCUSSION

The approach presented in this section requires determining the transfer function to be realized at the beginning of the synthesis procedure. Therefore, the resulting circuits will not have any right-hand side pole, and hence there will be no stability problem if an appropriate transfer function is selected at the beginning. This situation is valid for the example circuits of third-order all pass and low pass filters.

From a practical point of view, it can be said that the presented circuits would be less sensitive to stray capacitances because of the internally grounded input terminals of an OTRA. On the other hand, the low output impedance of the presented circuits allows for driving the loads without the addition of buffer. Furthermore, the resistors connected to the input terminals of an OTRA can be realized with MOS transistors leading to fully integrated circuits. By this way, the filters parameters can also be adjusted electronically.

Since the proposed configuration uses only one active element to realize an nth order transfer function, it is possible to implement high order filters with lower power consumption than those in the literature .Therefore the presented approach could be preferred to the others if power consumption is an important design criterion. On the other hand, the resulting circuits obtained from the proposed configuration have no canonical structure. This results in the occupation of larger areas on the integrated circuits for on chip applications.

4.11 CONCLUSION
A single OTRA based configuration for the synthesis of a 3 rd order voltage transfer function is presented. In the realization, the RC:-RC decomposition technique is employed. As examples of the general configuration third order all pass and low pass filters are obtained and simulated using the SPICE program. The results verify the theoretical analysis. The proposed configuration saves a considerable number of OTRAs in comparison with the previously reported ones.

CHAPTER 5

 THE OTRA BASED VOLTAGE AMPLIFIER

CHAPTER 5

OTRA BASED VOLTAGE AMPLIFIER

5.1 INTRODUCTION
Amplifiers find many useful applications in modern analog VLSI signal and information processing. Using linear passive resistors to achieve amplification consumes a large area. In addition, they can not be electronically programmed to compensate for the spread in their absolute values caused by random process variations. 
5.2 PROPOSED CIRCUIT AND PSPICE SIMULATION 
A direct application of the OTRA is to implement a Voltage Controlled Voltage Source (VCVS), as shown in Fig. where the output voltage is given by:
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Where 

Gi= KNi (Vai – Vbi) (i= 1, 2,) ……………………… ………………………... 5.2

Thus, a single OTRA is capable of providing equal gain for both the inverting and non-inverting inputs. Also, it can be used as a four-quadrant multiplier/divider cell formed from a single OTRA and four MOS transistors operating in the ohmic region with no additional circuitry.
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Recently, analog multipliers have been used in implementing artificial neural networks. Taking into consideration the finite transresistance gain, 

Rm, Eq. 5.1 of the VCVS reduces to
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Where
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For high frequency operation, the error function, e(s), is given by: 

   SHAPE  \* MERGEFORMAT 


   ………………………………………………………..5.5

It is clear that a constant bandwidth virtually independent of the gain can be achieved by keeping the feedback conductance G2 constant while controlling the gain through G1.Considering the circuit shown in the following Fig., the error function, €(s), is given by:
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By choosing:Y= sCp 

Thus, €(s) reduces to its ideal value of unity. Therefore, complete passive compensation of the VCVS can be achieved by using a single capacitor connected between the output terminal and the non-inverting terminal.
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5.3 CONCLUSION AND COMPARISION
The VCVS is simply a circuit that provides an output which is dependent on the input voltage. The output may be higher or lower than the input dependent upon the value of the external passive elements in the circuit. These passive elements can also be simulated by using MOSFETs working in the triode region.

As seen in the simulation for the VCVS gives by far the highest attenuation when given the same input at the source as given to the other circuits. As can be seen, the circuits behave as attenuators. As it gives the highest amount of attenuation this implies that the output voltage follows the input voltage more steeply than the remaining circuits. Thus to use as an attenuator, it is by far the best.
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CHAPTER 6
OTRA BASED MOSFET-C DIFFERENCIATOR
6.1 INTRODUCTION
Furthermore, we propose a MOSFET-C differentiator shown as Fig. by using a single OTRA. The transfer function can be derived as the following by direct analysis: 
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               FIG 6.1 MOSFET-C DIFFERENCIATOR


Vo / (V1-V2) = sC [µ COS W (VGA – VGB) / L]-1   ……………………………………………6.1
Where W and L are, respectively, the channel width and length of the two NMOS transistors in Fig., µn is the carrier mobility and COS, is the gate oxide capacitance. This circuit is an exact differentiator. The derivation for the above equation can be follows:

Let K = [(µ COS W) / L]

Let Ia is the drain current of MOSFET A

Let Ib is the drain current of MOSFET B

Let IC1 is the current in the branch of V1
Let IC2 is the current in the branch of V2
Let the current entering the inverting terminal be I1
Let the current entering the non-inverting terminal be I2

Ia= K [(Vga –Vt) Vo-1/2Vo*Vo]

Ib= K [(Vgb - Vt) Vo-1/2Vo*Vo]

V2= Ic2/sC

V1= Ic1/sC

I1=Ic1+ Ib

I2=Ic2+ Ia

Vo= Rm (I1 – I2)

Vo= Rm [V1*sC1+K (Vgb-Vt) Vo-1/2K*Vo*Vo]

=Rm [sC1 (V1-V2) +KVo (Vgb-Vt) Vo]

Vo [1-RmK (Vgb-Vga)] = Rm* sc (V1-V2)

Vo/ (V1-V2) = Rm* sc/ [1-Rm K (Vgb-Vga)] 

For Rm >>1;

Vo/ (V1-V2) = Rm* sc/ [1-Rm K (Vgb-Vga)] 

Vo/ (V1-V2) = sc *[k (Vgb-Vga)] -1……………….Thus proved
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         OTRA 2
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6.2 CONCLUSION AND COMPARISION 

The MOSFET-C Differentiator has been simulated by employing the four different internal analog realization of OTRA. The frequency curve is a linear function of frequency as given by the equation of the MOSFET-C Differentiator. The circuit that provides the maximum range of frequency for which this linear character is assumed is the better differentiator.

As seen, the internal circuit named as OTRA 1 has a -100 db gain at a frequency of 1Hz and has an almost linear frequency response till 10 MHz except there is steep rise and fall around frequency 10 KHz. At 10 MHz the frequency response assumes a somewhat constant value.

The Differentiator realized by OTRA 2 has a gain of -150 db at the frequency 1 Hz. This also continues linearly and reaches its maximum value of 0db at 100Hz. 

Thus we can see that the OTRA 2 provides a very high linear range, however it has a low gain at 1 MHz and thus the slope of its frequency response is lesser than of the other circuits.

CHAPTER 7

OTRA BASED VOLTAGE MODE 
INTEGRATOR
CHAPTER 7

OTRA BASED INTEGRATOR
7.1 INTRODUCTION
Current-mode and voltage-mode integrators employing a single, virtually grounded capacitor and a single OTRA are reported.A new generalized voltage-mode integrator is shown in Fig. The proposed integrator can be tuned to achieve both ideal and lossy integration. The transfer function is given by:
                       [image: image110.png]


                         
            where

                            [image: image111.png]



Thus, ideal integration can be achieved by setting, G2=0, and by equating the gate control voltages, Va2 and Vb2. Practically, this is equivalent to removing the two NMOS transistors in the feedback paths. Taking into consideration the effect of the transresistance gain, Rm, for the integrator circuit shown in Fig. reduces to:
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Thus, the integrating capacitor, C, is chosen to be much larger than Cp in order to eliminate its effect. It is also possible to compensate the effect of Cp, by taking the design value of C equal to its theoretical value minus Cp. Self compensation can be achieved by using a capacitor, C/,

where

[image: image114.png]d=c-G,




Thus, the effect of Cp is absorbed in the integrating capacitance C0 and no additional elements for compensation are needed.
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VOLTAGE MODE INTEGRATOR
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7.2 SIMULATION RESULT

The OTRA can be used to simulate voltage mode integrator as defined by equations given earlier.As shown in the simulation curve,there is less attenuation initially but after 10kHz its attenuation increases  and after that reaches a constant value. In the phase curve initial delay is 0d but delay increases to  1.25d at 10kHz and then again decreases.
CHAPTER 8

CONCLUSION AND FURTHER SCOPE

CHAPTER 8

CONCLUSION AND FURTHER SCOPE
In this project the applications of the single output OTRA are presented and the comparative analysis has been presented. With the single OTRA many circuit can be implemented. Low input and output impedances, a bandwidth independent of the device gain can be considered the main advantageous properties of the OTRA. These commercial realizations don’t provide a true virtual ground at the input terminals and they allow the input current to flow in one direction only. In order to remove these disadvantages of the OTRA, some topologies have been proposed, but these solutions are both complex structures and do not operate properly at low power supplies like 1.2v if they are realized with sub micron technologies.

In today’s technology, circuits which use power supplies as 1V, and fabricated in the CMOS 0.09 um technology can be designed and the process improvement works on the CMOS 65nm technology with a power supply of 0.9V are still going on. The first silicon products in the CMOS 65 technology are expected to be announced in the year 2005.Also CMOS 45 nm technology will be available in this year 2007 with a power supply of 0.6V.

So for the future design concept the main interest is designing circuitries with low power supplies. This demand leads designing a high performance CMOS differential OTRA for the current-mode analog system design. For these reasons, using the STMicroelectronics CMOS 0.13 um technology, a differential OTRA is designed for 1.2 power supply.

8.1 SIMULATING OTRA BY AD844AN

The ease of implementing OTRA circuits on pcb can be greatly increased if the OTRA block is implemented using ICs that is already available. The commercial IC AD844AN with current feedback architecture is adopted to implement an OTRA as shown in Fig. In order to simulate the virtual ground for the two input terminals of the OTRA, the non-inverting terminals of the AD844ANs have been grounded. The AD844AN differs from a conventional operational amplifier in that the voltage on the non-inverting signal input is transferred to the inverting input. Thus an inherent virtual short exists between these two terminals without any external negative feedback path. Owing to these characteristics, the following voltage relation can be obtained:

V+ = V1-=V1+=0  

V-= V2-=V2+=0

V01=VT1= V2-=V2+=0

[image: image118.png]FIG 8.2 REALIZATION OF OTRA USING COMMERCIAL ICs




Another feature of the AD844AN is that the current into the inverting terminal is equal to the current into the slewing node TZ, and the output voltage is the same as the voltage appearing at this pin. Referring to Figure 

IT1=I1=I+   and    

IT2=I2-=I – -IT1= I --I +

Vo = VT2=--Rm *IT2=Rm * (I+- I –)

Therefore, the exact behavior of the OTRA can be fulfilled if the Tz the node of the second AD844AN is open circuited
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