                                                      ABSTRACT 

As signal processing extends to higher frequencies, the traditional   design methods based on voltage operational amplifiers are no longer adequate. A traditional operational amplifier has a bandwidth which is dependent on the closed- loop voltage gain. To overcome this problem, circuits operating in current mode are preferred. The current feedback op-amp has become now commercially available. The circuits using these devices employ current processing techniques to improve dynamic speed capability & it provides a constant bandwidth virtually independent of gain. Both the input & output terminals are characterized by low impedance, therefore eliminating response limitations incurred by capacitive time constants. This device is called an Operational Transresistance Amplifier (OTRA). Thus using the operational transresistance amplifier as the active building block   various signal generating circuits can be realized with more flexibility in controlling the frequency of waveforms.

The Operational Transresistance Amplifiers (OTRAs) are presently not available in an IC form. An OTRA can be implemented by adopting the commercial AD844AN integrated chips with current feedback architecture. Up to now the topics of many research works have been focused on the internal circuit design of the operational transresistance amplifiers, where as the applications of the OTRAs still have not gained much attention. 
In this project various signal generating circuits namely three different types of Sinusoidal oscillators, Square wave generators, Current-mode Mono stable multi vibrators & Bi stable multi vibrators have been realized using operational transresistance amplifiers. The OTRAs used are constructed with IC-AD844AN. The circuits are simulated with PSPICE program ORCAD 16.0 version. The simulation results verify that the circuit topologies using OTRAs for realizing signal generating circuits are simple, effective, flexible, versatile, and easily tuneable. Hence these circuits can be expected to find wide applications in pulse-width modulation controlled circuits, time delay circuits, phase-detected circuits, in electronic instrument systems where higher frequencies up to MHz & variable duty cycles are demanded.
*********************************************

REALIZATION OF SIGNAL GENERATING CIRCUITS USING THE OPERATIONAL TRANSRESISTANCE AMPLIFIER 

CHAPTER 1 

 INTRODUCTION 

1.1 Back ground 

The growing demand for mobile communications has led to high level of chip integration and directed research towards the field of low voltage and high frequency applications.

The past decade has witnessed a continued scaling of CMOS technologies by an order of magnitude from 2(m in the early 1990’s to 0.18(m for the current processes.

A further lowering of gate lengths to 0.07(m is envisioned in the near future. The reduction in gate lengths is accompanied by a reduction in the supply voltage.[51]
Recently new analog building blocks operating from low voltage supplies have been developed to overcome the finite gain-bandwidth product associated with traditional operational amplifiers.

Supply voltages have therefore gone from 5V for 2(m technologies to 1.8V for 0.18(m processes. A further reduction to 0.9V is anticipated for future technologies. The reduction in supply voltage is often not accompanied by a proportional reduction in the threshold voltages of the transistors. [51, 50]
This dissimilar scaling of supply & threshold has led to a loss of signal processing voltage range in analog circuits, as a greater percentage of  the supply voltage is used up to ensure that the transistors are in saturation . 

  Consequently the number of transistors that can be stacked between the rails is limited. Thus a need arose for circuits that can operate at low voltages by avoiding the stacking of devices. [50]
The Operational transresistance amplifiers (OTRAs) are attractive in this regard as they employ a shunt – shunt feedback, with the amplifier & the feedback network connected in parallel. Such a topology minimizes the stacking of transistors enabling low voltage operation. The operational transresistance amplifier is commercially available under the name current differencing amplifier. The OTRA is receiving increasing attention as a building block in analog circuit designs

The OTRA provides amplification of high frequency signals with ease & can also provide a constant bandwidth virtually independent of gain

 1.2 Objectives of the project
· To realize signal generating circuits using the Operational Transresistance Amplifier like sinusoidal oscillators, square wave generators, Mono stable multi vibrators & Bi stable multi vibrators etc.

· To carry out extensive study of the operational transresistance amplifier.
· To perform PSPICE simulation of the various circuits.
· To analyze the simulation results.
· To realize  an oscillator circuit using OTRA on  a breadboard

· To understand the advantages of the operational transresistance amplifier.

· To conclude the study carried out on realization of signal generating circuits using operational transresistance amplifier.
· To brief on the future scope of the operational transresistance amplifier

**************************************************

CHAPTER 2

 OPERATIONAL TRANSRESISTANCE AMPLIFIER (OTRA)
2.1 Introduction
In recent years, the signal processing extends to the higher frequencies. The traditional voltage mode operational amplifier has a bandwidth, which is dependent on the closed loop voltage gain. This problem has led to an attempt to operate in current mode. The current feedback op-amp has become commercially successful. The transconductance amplifier drives a capacitive load only [22].
But the operational transresistance amplifier is suitable to amplify signal from the devices that have the characteristics as a current source such as inductor & capacitor.

 The transresistance amplifier employs current processing techniques to improve dynamic speed capability & to provide a constant bandwidth virtually independent of closed –loop gain

The operational transresistance amplifier is one of the basic building blocks of the analog circuit systems [22].
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  Figure 2.1 Circuit symbol of OTRA      
The OTRA is a three terminal analog building block. Both the input and output terminals are characterized by low impedance.

 It eliminates response limitations incurred by capacitive time constants leading to circuits that are insensitive to the stray capacitances at the input terminals [50]
For ideal OTRA, the transresistance gain, Rm, approaches infinity & external negative feedback must be used which forces the input currents to be equal.
Thus the OTRA must be used in a negative feedback configuration. Practically the transresistance gain is finite and its effect should be considered.

2.2 OTRA circuit description 

In practice, the operational transconductance amplifier, which is widely used as the basic VLSI circuit block, can be substituted by the operational transresistance amplifier. The operational transresistance amplifier transfer characteristic is formed by Vouch / Iin, which is opposite to that of operational transconductance amplifier.  The operational transresistance amplifier can be applied in much circuit systems such as analog divider / multiplier & continuous time filters. By their characteristic, low input & output impedance, make the amplifier frequency operation higher than the circuit, which uses the transconductance amplifier. The input terminals are internally grounded leading to circuits that are insensitive to the stray capacitances. For the ideal operation, the transresistance Rm 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 [51].
The Operational transresistance amplifier is commercially available from several manufacturers under the name of current differentiating amplifier or Norton amplifier. The OTRA has the advantages of high slew rate & wide bandwidth due to the fact that it benefits from the current processing capabilities at the input terminals[50].
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                                      Figure 2.2 Equivalent circuit of an OTRA

OTRA circuit can be described by the matrix [51].
                        V+                 0    0    0                  I1         

                         V-        =       0    0    0                  I2

                         V0                Rm -Rm 0                I3

  Rm    (Trans resistance)   =     1/ 2 ( I bias    = ( (very large value) ……………………………………………………… (2.1)
                 (        =   channel length modulation factor……………………………………………………………………………………. (2.2)
Vo  =  (I1 – I2)Rm ,      Rm = ( .5 ( Ibias).5  /  ((  Ibias)2……………………………………………………………………………………(2.3)
(   =   Trans conductance parameter    ………………………………………………………………………………………………………………….(2.4)

2.3 Implementation of OTRA by adopting IC AD844s

(For the simulation purpose OTRA constructed with AD844AN is used throughout the project.)
The commercial IC AD844AN with current feedback architecture is adopted to implement an OTRA as shown in fig. 2.3 [24, 25]
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Fig. 2.3 An OTRA constructed with IC AD844AN

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. The voltage relations are:

V+ = V1- = V1+ = 0   &   V- = V2- = V2+ = 0. …………………………………………………………………………………………………………..(2.5)

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

IT1 = I1- = I1+      ………………………………………………………………………………………………………………………………………………… (2.6)
V01 = VT1 = V2-= 0   ……………………………………………………………………………………………………………………………………………… (2.7)
                      IT2= I2- = I_ -  IT1 = I_ - I+    …………………………………………………………………………………………………………  (2.8)

V0 = V02 = VT2= -Rm x IT2   = Rm X (I+ - I-)   …………………………………………………………………………………………. (2.9)
Therefore, the exact behaviour of the OTRA can be fulfilled with the schematics of fig.2.3

· The supply voltages used are Vss = + 15v, & R2 of second AD844AN is kept at very high value of 100 MΩ, input impedance of OTRA  at inverting & non-inverting  input = 50 Ω
If the TZ node of   the second    AD844AN is open-circuited, then Rm tends to             ∞. 

The highest output frequency is limited mainly by the slew rate of the AD844AN driving a capacitive load is within + 100V/μs. Thus for saturation levels of + 15V, the highest f0 is around several MHz

                                 ***************************************************

CHAPTER 3

REALIZATION OF SINUSOIDAL SIGNAL GENERATORS USING SINGLE OTRA

 Sinusoidal oscillators have a wide range of application in telecommunications, control systems, signal processing & measurement systems. A variety of sinusoidal oscillators using the operational amplifier as the active element are available in the literature The finite gain-bandwidth product of the op-amp affects both the condition and frequency of oscillation. To overcome this problem, several oscillators have been introduced using the current conveyor as the active element or the current feedback operational amplifier [1,2,3,57].New oscillator circuits using the OTRA are available.
Some of the oscillator circuits simulated using PSPICE program ORCAD 16.0 version is:

a) Single resistance controlled oscillator

b) The minimum R,C oscillator

c) A noncanonic oscillator 

3.1 REALIZATION OF SINGLE- RESISTANCE -CONTROLLED SINUSOIDAL OSCILLATOR

3.1.1   Introduction

 Several active RC-oscillator circuits use single active element such as classical voltage op-amp, current conveyor, current feedback amplifier or a four terminal floating nullor. A novel operational transresistance amplifier based single resistance controlled sinusoidal oscillator is realized. It uses single OTRA, three resistors & two capacitors. The oscillator circuit provides independent control of oscillation frequency without disturbing oscillation condition by a resistor. It has also low passive sensitivities. The oscillator circuit is insensitive to parasitic input capacitances & input resistance due to zero internally grounded input terminals of OTRA [58].

3.1.2 Circuit description
The OTRA is a current controlled voltage source.  vp =vn=0, vz=Rm (ip-in), where Rm is the transresistance of the OTRA & ideally approaches infinity[58].
[image: image2.emf] Fig. 3.1.1 Current mode SRCO sinusoidal oscillator 

The characteristic equation is as follows:
[image: image3.emf]  ……………………………………………………………………………………… (3.1)

The frequency of oscillation is given by 

[image: image4.emf]   ……………………………………………………………………………………………………………     (3.2)

Thus fo can be independently controlled through a single resistor R3 without affecting condition of oscillation. The passive sensitivities of this oscillator are given by:

[image: image5.emf]   .………………………………………………………………………………………. (3.3)
All the passive sensitivities are less than unity in magnitude.

3.1.3 Simulation results  
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                    Fig. 3.1.2   Simulated internal circuit of single resistance controlled oscillator 

The oscillator circuit was simulated using ORCAD 16.0 program. Passive components are chosen as R4 =R6= 1 kΩ, R5 = 3 kΩ, C4 = 5600pf, C5 = 5600pf.

PSPICE simulation was performed with OTRA circuit constructed from AD844AN.


[image: image7.emf]
Fig.3.1.3 simulated result of VO vs time for SRCO 

3.1.4 Analysis of simulation results
The PSPICE simulations were carried out for current mode single resistance controlled oscillator. The oscillations generated were sinusoidal in nature. The passive components used are: R4 = 1KΩ, R6 = 1KΩ,   R5 = 3KΩ   C4 = 5600pf & C5= 5600pf  
· The parameter values used for AD844AN are: Vss = + 15v & R2 = 100MΩ, input impedance of OTRA  at inverting input = 50 Ω
The controlling resistance is R6 =1kΩ. This resistance controls the frequency of oscillations. The frequency can be independently controlled through R6 resistor without affecting condition of oscillation.
  [image: image8.emf]               ……………………………………………………………………………………………….. (3.4)
f = (1÷2Π)* {    √ 1/3k (1/1k + 1/1k) ÷ (√5600pf * 5600pf)} = 23.22 KHz …………………………. (3.5)

From the simulation graph it is observed that 
Peak to peak voltage of the oscillations is , Vpp= 1400mv , Vm = 700mv …………………… (3.6)

               t = 0.04ms …………………………………………………………………………………………………………………………………………………. (3.7)
f0 = 1/0.04ms = 25KHz.     ……………………………………………………………………………………………………………………… (3.8)

The influence of parameters on simulation of  oscillations

· The resistor R6 controls the frequency of oscillations. Two different values of R6 are selected and its simulation results show that the frequency of oscillations also change in accordance with R6.

     a)     Simulations at R6 = 1kΩ, f = 25 KHz


[image: image9.emf] Fig.3.1.4 simulated result of VO vs time for SRCO with R6 = 1KΩ
b) Simulations at R6 = 10kΩ, f =16.66 KHz


[image: image10.emf]
Fig.3.1.5 simulated result of VO vs time for R6 = 10kΩ

c) The resistor R4 influences the peak to peak voltage of the simulated oscillations.

· Simulations at R4 = 500Ω, Vpp = 20v


[image: image11.emf]  Fig.3.1.6 simulated result of VO vs time for R4 = 500Ω

· Simulations at R4 = 1KΩ,  Vpp = 1400mv


[image: image12.emf]
Fig.3.1.7 simulated result of VO vs time for R4 = 1KΩ

   d)  The resistor R4 checks the distortion of the simulated oscillations
   e) The capacitors C4 & C5 controls the starting time of the simulated oscillations

· C24 & C5     = 2500pf , oscillations starts at 0.7ms


[image: image13.emf]
            Fig.3.1.8 simulated result of VO vs time for C4 & C5   = 2500pf
f) Influence of diode resistors R7 & R8 on the peak to peak voltage of simulated oscillations

· R7 = R8 = 2.5KΩ Vpp = 1.6 v


[image: image14.emf]
 Fig.3.1.9 simulated result of VO vs time for R7  &  R8   = 2.5KΩ
· R7 = R8 = 0.5KΩ , Vpp = 1100mv


[image: image15.emf]
                    Fig.3.1.10 simulated result of VO vs time for R7 & R8   = 0.5KΩ
3.1.5 Realization of oscillator circuit with OTRA on a breadboard
a) Experimental set-up:
[image: image16.emf]
In order to  verify the effectiveness of the above circuit topology  an experiment was  performed in the  institute laboratory . 
· Vss = ± 6v,C2= 1500pf,C5= 1500pf,R1 =2K,R4= 10K,R3 = 1K used for fine tuning, a  non polar capacitor is used  for  noise control.
· The sinusoidal waveforms were observed on Cathode Ray Oscilloscope .  
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Fig.3.1.11 Construction of oscillator circuit on breadboard
         b) Experimental results obtained are shown below. 
Frequency = 60 MHz
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Fig. 3.1.12 (a) Sinusoidal oscillations observed on Cathode Ray Oscilloscope with f=60MHz
Frequency = 423.7 KHz
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Fig. 3.1.12 (a) Sinusoidal oscillations observed on Cathode Ray Oscilloscope with f=423.7KHz
3.1.5 Conclusion
This  circuit employs only two capacitors & three resistors ,which are the minimum numbers for the single resistance controlled oscillator realization .Most of the parasitic input impedance disappear for this  oscillator circuit due to internally grounded input terminals of the OTRA.It provides independent control of oscillation frequency without disturbing oscillation condition through a resistor. The oscillator has low sensitivities.  PSPICE simulations & experiments results 
Confirms the theoretical analysis carried out.
                   *********************************************
3.2 REALIZATION OF THE MINIMUM R, C OSCILLATOR
3.2.1 Introduction

A variety of sinusoidal oscillators using the operational amplifier as the active element are available in the literature .The finite gain bandwidth product of the op-amp affects both the condition & frequency of oscillation[5]. To overcome this problem, several oscillators are designed using the current conveyor as the active element [5, 6]. Minimum passive component oscillators are receiving considerable attention [17, 18]. Fig.2 represents the generalized configuration of the single OTRA oscillator. Assuming an ideal OTRA the characteristic equation is given by [43]:

                      [image: image20.emf] ………………………………………………………………………………………………………..  (3.9)

             Several oscillator circuits can be generated based on the generalized configuration of         

             fig.3.2.1 [43]

        [image: image21.emf]
       Fig. 3.2.1 The single OTRA generalized circuit [43].
3.2.2 Circuit description
The minimum passive component oscillators are receiving considerable attention [43].
[image: image22.emf]
Fig.3.2.2  2R+2C oscillator  circuit using OTRA 

This  oscillator circuit consists of two resistors & two capacitors using OTRA. The condition of oscillation & the radian frequency of oscillation  are given by:

R1 / R2 + C2/C1 = 1……………………………………………………………………………………………………………… (3.10)
ω0 = 1 / √C1 C2 R1 R ……………………………………………………………………………………………………………………………………….. (3.11)
As the case with all minimum component oscillators, the condition of oscillation & frequency of oscillation can not be independently controlled.It is seen that the ω0 sensitivity to Ri or Ci (i=1, 2) equal to -1/2.In order to achieve independent control on the condition of oscillation without affecting the frequency of oscillation, the circuit shown in fig. 3.2.3

[image: image23.emf]
   Fig.3.2.3 minimum R,C oscillator[43]

The grounded resistor R4 controls the condition of  oscillation without affecting ω0 ,given by [43]:
ω0 = 1 / √C1 C2 R1 R2 (1- R3/R1) ………………………………………………………………………………………………………. (3.12)
3.2.3 Simulation results: PSPICE simulation was performed with OTRA using commercial

 ICs- AD844AN along with passive components as shown in figure 3.2.4.
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Fig. 3.2.4 Simulated internal circuit of R, C oscillator.

[image: image25.emf]
Fig. 3.2.5 simulated Vo result of minimum component R, C oscillator
3.2.4 Analysis of results
The PSPICE simulations were carried out for minimum component R, C oscillator. The oscillations generated were sinusoidal in nature. The passive components used are:

R1 = 20KΩ, R2 = 20KΩ, R3 = 15 KΩ, R4 = 60 KΩ, C1 = 20pf & C2 = 20pf  

· The parameter values used for AD844AN are: Vss = + 15v & Rm2 = 200MΩ, input impedance of OTRA  at inverting input = 50 Ω
The peak to peak voltage of oscillations Vpp = 20v. , therefore Vm = 10v  …………………………………….(3.13)
The time period of oscillation, t = 3.25µs    …………………………………………………………………………………………………… (3.14)

The frequency of oscillations, fo = 308KHz    ………………………………………………………………………………………………… (3.15)
The influence of parameters on simulation of  oscillations

a) The resistor R4 controls the condition of oscillations & the starting time of oscillations.  

· R4 = 40KΩ , f = 400 KHz 


[image: image26.emf]
            Fig. 3.2.6 simulated result of Vo vs time for R4 = 40KΩ

· R4 = 15KΩ , f = 333.33 KHz 


[image: image27.emf]      

        Fig. 3.2.7 simulated result of Vo vs time for R4 = 15KΩ
b) Influence of C1 on time of origin of simulated oscillations, C1 = 25 pf   t = 26μs

[image: image28.emf]
   Fig. 3.2.8 simulated result of Vo vs time for C1 = 25 pf 
  c) Check on distortion of simulated oscillations   by R3  

· R3 = 60KΩ   , if R3  < 40 KΩ then distortion occurs

[image: image29.emf]
     Fig. 3.2.9 Simulated result of Vo vs time for R3 = 60 KΩ
  d) Check on simulated oscillations   by R2 & C2 

· R2= 30KΩ   , C2 = 25pf 


[image: image30.emf]  Fig. 3.2.10 Simulated result of Vo vs time for R2= 30KΩ   , C2 = 25pf 
3.2.5 Conclusion

The proposed circuit behaves as an oscillator & generates sinusoidal oscillations. This circuit exhibits the property of independent control on the condition of oscillation without affecting the frequency of oscillation. This is achieved by controlling the resistor R4.
                               ****************************************

3.3    REALIZATION OF A NON CANONIC OSCILLATOR
3.3.1     Introduction
To make it possible to achieve independent control on the frequency of oscillation using a single OTRA, a noncanonic oscillator is used. The fig.3.3.1 represents a noncanonic single OTRA oscillator [43].

[image: image31.emf]
   Fig. 3.3.1 a noncanonic oscillator
3.3.2 Circuit description
The radian frequency of oscillation is given by [43]:

ω0 = 1 / √C1 C2 R1 R2 {1- R3/R1 (1+C3/C2)}    ……………………………………………………………………………………………….(3.16)

ω0  can be independently controlled by varying C3 without affecting the condition of oscillation which is given by: 

 R1 / R2 + C2/C1 = 1   + R3/R2   …………………………………………………………………………………………………………………………. (3.17)
3.3.4 Simulation results: PSPICE simulation was performed with OTRA circuit constructed from AD844AN.
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         Fig. 3.3.2 internal structure of a noncanonic oscillator


[image: image33.emf]
Fig. 3.3.3 Simulated results of Vo of noncanonic oscillator 
3.3.4 Analysis of results

The PSPICE simulations were carried out for minimum component noncanonic oscillator. The oscillations generated were sinusoidal in nature. The passive components used are:

R1 = 20KΩ, R2 = 20KΩ, R3 = 9 KΩ, C1 = 40pf C2 = 10pf & C3= 20pf  

· The parameter values used for AD844AN are: Vss = + 15v & Rm2 = 100MΩ, input impedance of OTRA  at inverting input = 50 Ω
The peak to peak voltage of oscillations Vpp = 20v. , therefore Vm = 10v …………………. (3.18)

The time period of oscillation, t = 2.50µs &     fo = 400KHz ………………………………………………... (3.19)
The influence of parameters on simulation of  oscillations
a) The resistor R3 controls the condition of oscillation.

· If the value of R3 is between 11 KΩ < R3 > 9 KΩ, then proper oscillations are obtained .If the value of   R3 is beyond this limit then distorted oscillations occurs.

· Thus it is analysed that R3 controls the condition of oscillation.

b)The capacitor C3 Controls the frequency of oscillations. 

· If the value of C3 is varied then the frequency of oscillations also gets varied in accordance as shown in table below.

	Sl.no. 
	Value of Capacitor  C3    (pf)
	Frequency of simulated oscillations
	Results
	Remarks

	1
	10pf
	370 KHz
	C3 controls the frequency of oscillations
	

	2
	20pf
	400 KHz
	
	this is the value of C3 selected for the circuit

	3
	30pf
	500 KHz


	
	

	4
	40pf
	571.42 KHz
	
	


           Table .1 Effect of C3 on frequency of oscillation

The simulated graphs are shown below for different values of C3

[image: image34.emf]
Fig.3.3.4 oscillations obtained at C3   = 10pf, fo = 370KHz
· C3   =20pf, fo = 400 KHz


[image: image35.emf]
             Fig.3.3.5 oscillations obtained at C3   =20pf, fo = 400 KHz

[image: image36.emf] Fig.3.3.6 oscillations obtained at C3   = 40pf, fo =571.42 KHz
Thus it is analysed that C3 controls the frequency of oscillations.   
a) R3 controls the condition of oscillations.

b)  R1 controls variations in the amplitude.    
3.3.5 Conclusion  

 The proposed circuit behaves as an oscillator & generates sinusoidal oscillations. This circuit exhibits the property of control on the condition of oscillation through resistor R3 & the control on frequency of oscillation through capacitor C3 without affecting the condition of oscillation. The range of frequency of oscillations is in the range of several hundred kilohertz.
                                       ***********************************************

CHAPTER 4
REALIZATION OF NON-SINUSOIDAL SIGNAL GENERATORS USING SINGLE OTRA
The square wave generator is a basic building block of many electronic circuits. A lot of square wave generator ICs has been widely used. For instance, the NE555 is used to produce a continuous square wave by connecting a few passive components [20]. The frequency & amplitude of the output square wave can be varied over a wide range by adjusting passive parameters or by applying a tuneable supply voltage [56].
4.1 REALIZATION OF   SQUARE WAVE GENERATOR USING OTRA CONSTRUCTED WITH MOSFETS
4.1.1    Introduction

The ever-rising proliferation of portable electronics has increased the need for low power, low voltage devices. One possible approach to achieve this goal is by designing power efficient, low voltage base components and building blocks. This would enable to achieve both higher integration levels in VLSI technology and more power-efficient systems. Current mirrors are one of the building blocks more widely used in many applications

The current mirrors are fabricated in a 0.5-μm CMOS process through MOSIS. The circuit is implemented with nMOS transistors.  
 SHAPE  \* MERGEFORMAT 



                                                             Fig.4.1.1 Wilson current mirror

Wilson current mirror in CMOS with nMOS transistors necessitate good beta-immunity and a high incremental output resistance. In CMOS, however, neither of these mirrors is suitable for use under a low power-supply–voltage design constraint, because each requires an input voltage of two (or more, if we consider the body effect) diode drops and has an output compliance voltage of a diode drop plus a saturation voltage. The proposed square wave generator uses an OTRA, constructed with MOSFETS. The OTRA circuit consists of 20 nos. of MOSFETS, 2 nos. of current sources & 2nos. of voltage sources.  This square wave generator has better output & low input – output impedances.

4.1.2 Circuit description
PSPICE simulation was performed with OTRA circuit constructed with MOSFETS [56].

C = 15.5 μ f, R2 = 4.5KΩ, R1= 900Ω
[image: image38.emf]
Fig. 4.1.2 The circuit topology of square wave generator

 4.1.3 Simulation Results
C1 = 15.5 μ f, R2 = 4.5KΩ, R1= 900Ω, Vss = ± 15v, I1 = 10m A, I2 = 10 m A,Vg1= -1.7v, Vg2= 1.3v.
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Fig.4.1.3 Simulated internal circuit of square wave generator using MOSFET - OTRA

[image: image40.emf]
Fig. 4.1.4 simulated square wave generator output.
 4.1.4 Analysis of Results
· C = 15.5 μ f, R2 = 4.5KΩ, R1= 900Ω ………………………………………………………… (3.20)
· Vss = ± 15v, I1 = 10m A, I2 = 10 m A, Vg1= -1.7v, Vg2= 1.3v.  ………………….. (3.21)
· Time period of waves = 1.6 ns, Frequency of output waves = 625 MHz ……………….. (3.22)

· Vm = - 37.56552597v    …………………………………………………………………………………………………………………. (3.23)

· Vc  =  -30.25 v      ……………………………………………………………………………………………………………………………… (3.24)

   4.1.5 Conclusion
This square wave generator circuit consists of only one OTRA & few external passive    

   components .The circuit architecture is simpler than the voltage mode wave form generators. Also the values of the passive elements can be designed for fixed frequency, fixed duty cycle. This square wave generator uses the current feedback amplifier. The circuit uses two resistors & one capacitor. The resistor R2 controls the simulation. The resistor R1 is slightly adjusted to realise a specified frequency exactly. The duty cycle is controlled by capacitor. The frequency of output square wave is 625 MHz.
                     ************************************************
4.2   REALIZATION OF SQUARE WAVE GENERATOR USING OTRA   

        CONSTRUCTED WITH AD844AN 
4.2.1 Introduction
This square wave generator uses an OTRA constructed with ICs -AD844AN.The current mode circuits feature the advantages of a higher bandwidth, a better linearity, a larger dynamic range & the non interference between the gain & the bandwidth [21]. This square wave generator uses only one OTRA & three passive components. Its on-duty & off-duty cycle are fixed at nearly 50 %. The circuit produces a variable frequency [56].
[image: image41.emf]
Fig. 4.2.1 The topology of the square wave generator.

4.2.2 Circuit description
This square wave generator uses only one active device (OTRA) & three passive elements. There are two possible saturation levels; L+ &L_ for the output voltage. The ratio of R1/R2 is chosen to be 10 for f=100 KHz. R1 is adjusted to realize a specified frequency. C is chosen as 0.1nf .For f=100Hz, C is chosen as 1µf. The chosen values for R1 = 17KΩ & R2= 1.7 KΩ. It is assumed that L+ = - L_ & Vo is at one of these two saturation levels. When Vo jumps from L_ to L+, the voltage of the capacitor, vc, then starts to increase from its lower threshold value VTL towards its final value, L+. At the end of this mode, the capacitor voltage is finally charged to its upper threshold voltage, VTH rather than L+ [56].

· I_ = V0 / R1                                                 ...…………………………………………………………………………….. (4.2.1)

· I+ = (Vo – vc) ÷ R2                                    ……..………………………………………………………………………….. ( 4.2.2)

· Vc = (1- R2/R1) *Vo                                   ……………………………………………………………………………….  (4.2.3)

· VTL = (1- R2/R1) *L_                                   ………………………………………………………………………………. (4.2.4)

· VTH   = (1- R2/R1) *L+ = -  VTL                   ………………………………………………………………………………. (4.2.5)               

· Ton = R2 C ln (2R1/R2 - 1)                        …………………………………………………………………………….. (4.2.6)

· Toff = R2 C ln (2R1/R2 – 1)                         …………………………………………………………………….  (4.2.7) 

4.2.3 Simulation Results
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Fig.4.2.2 Simulated internal circuit of square wave generator using OTRA constructed with AD844AN.


[image: image43.emf]
Fig.4.2.3 Output square waves of simulated square wave generator using OTRA constructed with AD844AN.
4.2.4 Analysis of Result 
The PSPICE simulated square wave generator using OTRA.

· Parameter values calculated for OTRA constructed with AD844AN.
· Vss = + 15v ,R2 = 100MΩ , input impedance of OTRA  at inverting input = 50 Ω   

· V+ =V1_ = V1+ = 329.1µ v     ………………………………………………………………………………………………………………………(4.2.8)
· V_ = V2+ = V2_ = 300µv         ………………………………………………………………………………………………………………………….(4.2.9)
· V01 = VT1 = V2 = V2+ = 0v   …………………………………………………………………………………………………………………………(4.2.10)
· IT1 = 450.2 n A  …………………………………………………………………………………………………………………….(4.2.11)
· I1_ = I+ = 867.4 X 10 -21 A ……………………………………………………………………………………………………………………………..(4.2.12)
· IT2 = - 3.000 p A …………………………………………………………………………………………………………………..(4.2.13)
· I2_ =  -450.2n A  ………………………………………………………………………………………………………………………………………..(4.2.14)

· I_ = 2.992 p A   ………………………………………………………………………………………………………………………………………………(4.2.15)
· VT2 = 300 µ v   ………………………………………………………………………………………………………………………………………………(4.2.16)

· Vo = - Rm * IT2  = - 100MΩ  * - 3.000p A  = 300 µ v … Theoretical calculated  value …………..(4.2.17)
· Vo = 299.9 µ v ………………. Simulated  circuit value     ……………………………………………………………………..(4.2.18)
· Variation = 0.033%
Parameter values calculated for square wave generator using OTRA
· Ton = R2 C ln (2R1/R2  - 1 ) = 1.7KΩ * 0.1nf  ln  (2*17 KΩ ÷1.7 KΩ - 1 ) 
· Ton     = 0.623µs   ………………………………………………………………..Theoretical calculated value (4.2.19)
· Ton   =   0.5 µs   …………………..………………………………………………………………………….Simulated  value  (4.2.20)
· Toff = R2 C ln (2R1/R2 – 1)  = 1.7KΩ * 0.1nf  ln  (2*17 KΩ ÷1.7 KΩ - 1 ) 
· Toff = 0.623µs   ……………………………………………………………………………..Theoretical calculated value (4.2.21)
· Toff   =   0.5 µs   ……………………………………………………………………….Simulated  circuit value (4.2.22)
· Variation = 0.041
· fo  = 1 ÷ (Ton + Toff) =1 ÷ ( 0.623µs   +0.623µs) =0.8025MHz … Theoretical  Calculated value  
                                                                                                                           …………………………………….(4.2.23)                       
· Fo = 1÷ (o.5µs + 0.5µs) = 1÷( o.5µs + 0.5µs) = 1MHz ……………Simulated  circuit value  (4.2.24)
· Vc = (1- R2/R1) *Vo   = (1- 1.7KΩ/17 KΩ)*10V = 9V   ………………………………………………….. (4.2.25)
· VTL = (1- R2/R1) *L_    = (1- 1.7K/17K) *(-10v) = - 9v    ……………………………………………….. (4.2.26)

· VTH   = (1- R2/R1) *L+ =(1- 1.7K/17K) *(10v) = 9v = - VTL ……………………………………………………………………. (4.2.27)

4.2.5   Conclusion
      The proposed square wave generator circuit consists of only one OTRA & minimum external passive elements. It is a general multi vibrator that can produce an approximately symmetrical square wave with a fixed duty cycle (50%) & a variable frequency. The ratio R1/R2 is set to be 10 .A larger R1/R2 ratio results in a less sensitivity of the frequency variation with respect to the resistance. The proposed architecture is simpler than the voltage – mode waveform generator. The values of the passive elements can be designed for circuit integration. The proposed topology can provide a new choice for the design engineers. The proposed square wave generator can find wide applications in many electronic systems, where higher frequencies up to MHz are demanded.
*******************************************

CHAPTER   5
REALIZATION OF CURRENT –MODE MONOSTABLE MULTIVIBRATORS USING OTRA
5.1 Introduction

A pulse waveform with an adjustable width is used in many electronic circuits, such as communication systems, digital systems, phase –locked loop circuits and power electronics systems. Typically, a mono stable multi vibrator is employed to implement such function. The output of a monostable always remains in a stable state until triggered into a quasi-stable state for a definite time.

Operational amplifiers & some  commercial ICs are commonly used to construct mono stable multi vibrators .These voltage-  mode circuits have some disadvantages, such as complex internal circuitries & more  additional passive components. The current-mode techniques give high performance & functional versatility [26-30]. 

Three non- trigger able current- mode mono stable multi vibrators constructed of one operational transresistance amplifier (OTRA) & a few passive elements are used to generate signal.

5.2 Description of Mono stable Multi vibrator using OTRA

The circuit diagrams of the current –mode mono stable multi vibrators are shown in fig. 5.1 (a) & 5.1(b)

[image: image44.emf]
Fig. 5.1 The circuits under (a) positive & (b) negative triggering modes.

The fig.5.1 (a) uses only one OTRA & four passive elements (two resistors, one capacitor, & one diode). This circuit is triggered via a rising –edged signal to produce an output pulse with a predetermined width. The second one shown in Fig. 5.1(b) is designed to operate with a negative triggering signal.

[image: image45.emf]
      Fig.5.2 pulses   of the circuits of fig. 5.1.
There are two saturation levels of V0, L+ & L- (L+ =  L-   ).

The initial capacitor voltage is clamped at VD2, the forward conduction voltage drop of the diode. ‘T’ is the pulse width, & Tr is the recovery time. The operations of the circuits are divided into stable & quasi-stable states [46]. 

 5.2.1 Quasi-Stable State   
Assuming that the circuit is at its steady state for a long time, C2 is open circuited & VC2 is clamped by D2. Let R1 be greater than R2. Then, I+ is more positive than I- . Thus Vo is guaranteed to be at the positive saturation level L+ at the stable states. A triggering signal is applied at t = 0. Since  now , I-  is more positive than , I+, , Vo jumps from , L+ to L-. As soon as the triggering signal is removed, the inverting input terminal is grounded. Thus, I- remains at a dc value of 
 [image: image46.emf]  …………………………………………………………………………………………(5.1)
Since Vo is equal to L- , C2 starts to discharge through R2 from t = 0.The initial & final values of VC2 are VD2 & L- respectively.

 5.2.2   Stable State 

From t=T, Vo stays at L+, & C2 begins to charge through R2 from VTL towards its final value L+. Vc2 increases with time. At t =T + Tr, Vc2 grows above VD2 & is clamped at level.

The recovery time is calculated as 

[image: image47.emf]  …………………………………………..……………………………….(5.2)

In the time period from T to (T + Tr), the two input currents of the OTRA can be derived as 

[image: image48.emf]  ……………………………………………………………………………………………..(5.3)

It is observed that I+ is always more positive than I- in the stable state. Vo will remain at L+ .If the next triggering signal is applied, the circuits will enter the quasi-stable state again. If the circuit is triggered during the recovery period, C2 will start to discharge from a voltage level lower than VD2 .It results in an immature pulse with a width less than ‘T’.That  is why these proposed mono stable multi vibrators are non- trigger able [46].

5.3 Circuit description

a) The PSPICE simulated positive pulse triggered mono stable multi vibrator   internal circuit:
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Fig. 5.3 simulated internal circuit of a positive pulse triggered mono stable multi vibrator
b) The PSPICE simulated negative pulse triggered monostable multi vibrator   internal      circuit:
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   Fig. 5.4 simulated internal circuit of a negative pulse triggered mono stable multi vibrator

c) The PSPICE simulated mono stable multi vibrator internal circuit with both triggering modes:

   [image: image51.png]Diannn

Toom
2

—in
or

Tinannn

rs

e

TUNABLE MQNOSTABLE




Fig. 5.5 simulated internal circuit of a mono stable multi vibrator with both triggering modes.
  5.4 SIMULATION RESULTS:
a) The PSPICE simulated positive pulse triggered monostable multi vibrator : L+ = +10v,L- = -10.5V, 

T = 180us,  f=5.55KHz,   K = VD2 ÷ L+ =  0.064,R5÷R4 = 43.45 KΩ ÷4.345KΩ=10,C1 = 80nf

[image: image52.emf]
 Fig. 5.6 Simulated positive pulse triggered mono stable    input –output waveforms.
b) The PSPICE simulated negative pulse triggered mono stable multi vibrator
    L+ = L- = 10.5V, T = 0.1ms, f=10 KHz, K = VD2 ÷ L+ =0.095, R5÷R4 = 43.45 KΩ ÷  4.345KΩ= 10, C1 = 2500nf
                
[image: image53.emf]
                          Fig.5.7 Simulated negative pulse triggered mono stable    input –output waveforms
c) The PSPICE simulated monostable multi vibrator with both triggering modes: L+ =10V , L_ = -10.3V,
K = VD2 ÷ L+   =0.1, R5÷R4 = 1/1=1, C1 = 100mf,T=0.16ms, f=6.25KHz,Tr=0.02ms

[image: image54.emf]
Fig. 5.8 simulated result of a mono stable multi vibrator with both triggering modes

5.5 Analysis of results:
 a) The PSPICE simulated positive pulse triggered mono stable multi vibrator   
· Parameter  values calculated for OTRA constructed with AD844AN

· Vss = + 15v , Rm2 = R2 = 100MΩ , input impedance of OTRA  at inverting input = 50 Ω
· V+ = V1_ =V1+ = 61.81mv  ……………………………………………………………………………………………………………………..(5.5)
· V_ = V2_ = V2+ = 0v ………………………………………………………………………………………………………………………………………..(5.6)
· V01= VT1=V2_= V2+ = 0v……………………………………………………………………………………………………………………………….(5.7)
· IT1 = I1_ = I1+  = 2.138mA ………………………………………………………………………………………………………………..(5.8)
· IT2 = -99.91nA  …………………………………………………………………………………………………………………………………………………..(5.9)
· I_ = 229.3µA + 1.904mA = 2.1333mA ………………………………………………………………………………………….(5.10)
· I2_ = I_ - IT1 = 2.1333mA -2.138mA = - 5.091 µA   …………………………………………………………………………(5.11)
· Vo = - Rm * IT2 = - 100MΩ * -99.89nA = 9.989v … Theoretical  calculated value …………………(5.12)
· Vo = 9.981v ………………. Simulated circuit   value ………………………………………………………………………………….(5.13)
· Variation = 0.01% ……………………………………………………………………………………………………………………………………………..(5.14)
·  Parameter values calculated for positive pulse triggered mono stable multi vibrator using OTRA
· The passive components used are:  R5÷R4 = 43.45 KΩ ÷   4.345KΩ    = 10, C1 = 80nf, R2=100MΩ

· K= VD2 ÷ L+ = 674mv ÷ 10v = 0.0674   ………………………………………………………………………………………………….(5.14)
· I+ = (L+ - vc2) ÷ R4 = (10v – 674mv) ÷ 4.34KΩ = 2.264 m A ……………………………………………………….(5.15)
· I_ = L+ ÷ R5 = 10v ÷ 43.4 KΩ = 241.93   μA   ……………………………………………………………………………………….(5.16)
· Tr = R5 C2 ln (2 – R4÷R5) / (1- K) = 347.2 ln (2.037315) =247µs……………………………………………….(5.17)
· T = 180 μs  …………………………………………………………………………………………………………………………………………………………(5.18)
· T + Tr =180  μs + 247 µs =427 µs……………………………………………………………………………………………………………..(5.19) 
       b) The PSPICE simulated negative pulse triggered mono stable multi vibrator   
· Parameter  values calculated for OTRA constructed with AD844AN

· Vss = + 15v , Rm2 = R2 = 100MΩ , input impedance of OTRA  at inverting input = 50 Ω
· V+ = V1_ = V1+ =169.4mv ………………………………………………………………………………………………………………………….(5.20)
· V_ = V2_ = V2+ = -92.4mv   ……………………………………………………………………………………………………………………….(5.21)
· IT1 = 7.440mA ………………………………………………………………………………………………………………………………………………….(5.22)
· I1_ = 137.9m A = I1+  ……………………………………………………………………………………………………………………………………(5.23)
· IT2 = - 104.7n A ………………………………………………………………………………………………………………………………………………(5.24)
· I2_ = - 7.198mA  …………………………………………………………………………………………………………………………………………....(5.25)
·  I_ - IT1 = 242.3µA - 7.440mA =-7.198mA …………………………………………………………………………………………..(5.26)
· Vo =  -Rm * IT2 = - 100 MΩ * - 104.7nA = 10.47v …Theoretical  calculated value…………(5.27)                                                                                                                       
· Vo = 10.47 v ………………. Simulated circuit value       ……………………………………………………………………………..(5.28)
· Variation = 0%   ………………………………………………………………………………………………………………………………………………….(5.29)

c) The PSPICE simulated mono stable multi vibrator with both pulses triggered 
· Parameter values calculated for OTRA constructed with AD844AN

· Vss = + 15v , Rm2 = R2 = 100MΩ , input impedance of OTRA  at inverting input = 50 Ω
· V+ =V1_ = V1+ = 269.4mv ……………………………………………………………………………………………………………………………….(5.29)
· V_ = V2+ = V2_ = 0v …………………………………………………………………………………………………………………………….(5.30)
· V01 = VT1 = V2 = V2+ = 0v   …………………………………………………………………………………………………………………………….(5.31)
· IT1 =7.540mA ………………………………………………………………………………………………………………………………………………………(5.32)
· I1_ = I+ = 137.9m A  …………………………………………………………………………………………………………………………………………..(5.33)
· IT2 = - 99.91n A  ………………………………………………………………………………………………………………………………..(5.34)
· I2_ = - 5.09 μA …………………………………………………………………………………………………………………………………………………….(5.35)
· I_ =    7.534m A

· I2_ =   I_ -   IT1 =    7.534m A - 7.540mA    =-6.0 µA …………………………………………………………………………………(5.36)
· V0 = - Rm *IT2 = - 100 M Ω * - 99.91 n A =9.991v…………………Theoretical calculated value……(5.37)
· V0 = 9.89v ………………………………………………………………………………simulated circuit value………..(5.38)
· Variation = 0.01% 
· Parameter values calculated for mono stable multi vibrator  with both pulse triggered using OTRA
· The passive components used are:  R5÷R4 = 1, C1 = 100mf, R2=100MΩ

· K = VD2 ÷ L+ =0.1…………………………………………………………………………………………………………………………………………….(5.39)
· I+ = (L+ - VC2)  ÷ R4=10-1÷1k=9mA ……………………………………………………………………………………………………….(5.40)
· I_ = L+ ÷ R5 =10v÷1K=10mA ……………………………………………………………………………………………………………………..(5.41)
· Tr = R4 C2 ln{ (2 – R4/ R5) ÷ (1 – K)  }  …………………………………………………………………………………………………..(5.42)
· T = 160 µs, f= 6.25 KHz   ……………………………………………………………………………………………………………………………(5.43)
· T + Tr =   160µs +20µs=180µs   ……………………………………………………………………………………………………………….(5.44)
5.5 Conclusion 

Three current - mode mono stable multi vibrators are realized. The circuit topology is simpler since only one OTRA & a few passive elements are used. The experimental results have been obtained by simulation using PSPICE program ORCAD version 16.0. It has been analysed through parameter calculations that these mono stable multi vibrator using OTRA fulfils the relationship among variables of OTRA. The recovery time can be reduced to increase the repetitive rate of the triggering.These circuits can be applied in pulse width modulation – controlled circuits, Pulse amplitude modulation – controlled circuits, time delay circuits & phase controlled circuits.

                            **************************************************
CHAPTER 6

REALIZATION OF BISTABLE MULTIVIBRATORS USING OTRA

6.1 Introduction
     A Bistable Multi vibrator sometimes is also called a Schmitt trigger. It is widely used in digital instrumentation & measurement systems [20, 33].  An operational amplifier with a positive feedback connection is used to realize a Bi stable multi vibrator. Such adoption was called voltage – mode approach.  The applications of current mode technique in analog circuits have found better response from design engineers due to reduce design efforts & achieving multifunction features [40, 41]. In the past few years, an active device called operational transresistance amplifier (OTRA) is widely used for realizing active filters, oscillators & waveform generators [41-46].This Bi stable multi vibrator is economical as it is based on a single OTRA with a positive feedback network. It is operated via an input voltage signal to produce a Bis table output voltage [59].

 6.2 Circuit description 
The PSPICE simulated Bi stable multi vibrator internal circuit
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Fig. 6.1 single – resistor topology Bi stable multi vibrator

The single resistor topology is shown in fig. 6.1. A resistor, R1 =20KΩ is used to form the positive feedback network. A voltage source & a resistor Ri form the input signal. The non-inverting input current I+ can be expressed as,

I+ = vo ÷ (R1 + R2)   = vo / R1 …………………………………………………………………………………………………………………………………. (6.2.1)

I_ = vi ÷       Ri + (Rx2        Rz1)     = vi / Ri   …………………………………………………………………………………………………………(6.2. 2)

  Assuming Vo at L+ & vi smaller than VTH   initially, I+ can be determined from (6.2.1) as,

   I+ = L+ / R1   ………………………………………………………………………………………………………………………………………………………………. (6.2.3)

 Upper threshold voltage, VTH = (Ri / R1) * L+    …………………………………………………………………………………..(6.2.4)
Lower threshold voltage VTL    = (Ri / R1) * L_ ……………………………………………………………………………………………….(6.2.5)

A triangular input is given to OTRA to get Bi stable multi vibrator output. Square wave is converted to triangular waveform by using an integrator circuit.

6.3 Simulation Results

[image: image56.emf]
Fig. 6.2 square wave converted to triangular waveform for input to Bistable multivibrator


[image: image57.emf]Fig. 6.3   Simulated Vi & Vo of Bistable multivibrator
6.4 Analysis of Result
· Parameter  values calculated for OTRA constructed with AD844AN

· Vss = + 15v , Rm2 = R2 = 100MΩ , input impedance of OTRA  at inverting input = 50 Ω
· V+ =V1_ = V1+ = 28.19 mv       ……………………………………………………………………………………. (6.2.6)
· V_ = V2+ =  -53.32 mv   …………………………………………………………………………………………………(6.2.7)
· V01 = VT1  = V2+ = 0v             ………………………………………………………………………………………  (6.2.8)
· IT1 =    I1_ = I+ =    519.9 μ A   ……………………………………………………………………………………   (6.2.9)
· IT2 = - 104.3  n A         …………………………………………………………………………………………………(6.2.10)                  

· I_ = 1.046  m A                            ……………………………………………………………………………………(6.2.11)
· I2_ =  -  1.566   m A   ………………………………………………………………………………………………... (6.2.12)
· VT2 = 10.43V                     ……………………………………………………………………………………….      (6.2.13)

· Vo = - Rm * IT2  =  - 100MΩ * - 104.3 n A =  10.43 v ………….. Theoretical calculated value
                                                  ………………………………………………………………………………………………………. (6.2.14)

· V0 = 10.42 …………………………………………………………………………………simulated circuit value     (6.2.14)
· Parameter values calculated  from simulated circuit for Bi stable multi vibrator  using OTRA

· The passive components used are:  R4 = 20KΩ, R5= Ri = 10 KΩ.  R2=100MΩ
· L+ = 10.42 V , L_ = - 10.42V                             …………………………………………………………………………………………(6.2.15)
·  I+ = vo ÷ (R1 + R2)   = vo / R1 = 10.42v / 20k = 0.521m A = 521 μ A …………………………………(6.2.16)   
· I_ = vi ÷       Ri + (  Rx2        Rz1)     = vi / Ri        = 10.51v / 10KΩ = 1.051m A ……………………(6.2.17)

·   I+ = L+ / R1    =  +10.42 v / 20kΩ =    0.521m A   …………………………………………………………………………(6.2.18)        

· Upper threshold voltage , VTH = (Ri / R1) *L+ = (10 kΩ /20K Ω) * 10.42V= + 5.21v …………….(6.2.19)                                                                      
· Lower threshold voltage , VTL    = (Ri / R1) * L_ = (10 kΩ/20 kΩ) *(-10.42v)=-5.21v…………(6.2.20)    
  6.5 Conclusion
· It is easy to obtain hysteresis characteristics.

· The OTRA saturates with its output voltage either at the positive saturation level L+ or at the negative saturation level L_.

·  The values of Ri & R1 are selected much larger than the OTRA input impedances.

· As vi increases from zero, vo remains unchanged (10.42 V) until vi reaches the upper threshold voltage VTH (+ 5V).

· Then OTRA changes its output level from L+ ( +10.42V) to L_ ( - 10.42V).

· As long as vi is greater than the lowest threshold voltage VTL (- 5V), the output level remains at the negative saturation level.

·  It is observed that the measured threshold voltages are very close to the designed values.

· These circuits can be used in communication & instrumentation systems.
                       ********************************************
CHAPTER 7 

CONCLUSION 

7.1 Conclusion on simulation of sinusoidal signal generators using OTRA
	Sl.no.
	Name of Oscillator
	Vm
	Fo (KHz)
	Remarks

	1
	Single resistance controlled oscillator
	700mv
	25
	It provides independent control of oscillation frequency without disturbing oscillation condition through a resistor. The oscillator has low sensitivities.  

	2
	Minimum R,C oscillator
	10v
	308
	This circuit exhibits the property of independent control on the condition of oscillation without affecting the frequency of oscillation.

	3
	Non-Canonic oscillator
	10v
	400
	This circuit exhibits the property of control on the condition of oscillation through resistor R3 & the control on frequency of oscillation through capacitor C3 without affecting the condition of oscillation. The range of frequency of oscillations is in the range of several hundred kilohertz.




Table .2 Comparision of Sinusoidal Oscillators.
7.2 Conclusion on simulation of Non- sinusoidal signal generators using OTRA
	Sl.no.
	Name of circuit
	Calculated value of sq.wave generated
	Simulated value of sq.wave generated
	Remarks

	1
	Square wave generator
	Vm
	fo
	Vm
	fo
	                               

	
	
	300µv
	0.8023MHz
	299.9µv
	1.0MHz
	The circuit architecture is simpler than the voltage mode wave form generators. Also the values of the passive elements can be designed for fixed frequency, fixed duty cycle.


Table .3 Comparisons of Calculated value & simulated value of square wave generator
7.2 Conclusion on simulation of current – mode Mono stable multi vibrator using OTRA
	Sl.no.
	Type of triggering used
	Vm of output waveform
	Remarks

	1
2
3
	Positive 
Negative
Positive & Negative 
	Calculated

value
	Simulated value
	These are non triggerable current mode monostable multivibrators.The circuit topology is simpler compared to their counterparts composed of OP-AMPs.


	
	
	9.981v
10.47v

9.89v
	9.989v
10.47v

9.991v
	


Table .4 Comparison of different pulse triggering. 
7.4 Conclusion on simulation of Bi stable multi vibrator using OTRA
	Sl.no.
	Parameter
	Calculated value of output  waveform
	Calculated value of output  waveform
	Remarks

	1
	Vm
	          10.43v
	      10.42 v
	Circuits are simple & versatile

	2
	VTH
	      +    5.21 v
	       +   5 v
	

	3
	VTL
	· 5.21v
	·  5 v
	

	4
	Ton
	               -
	        0.5ms
	

	5
	Toff
	               -
	        0.5ms
	

	6
	  fo
	               -
	        1 KHz
	


 Table .5 Comparisons of different parameters with calculated & simulated results of Bi stable   Multi vibrator

                                        *************************************************

CHAPTER   8                            
  FUTURE SCOPE
The Operational Transresistance Amplifiers (OTRAs) are presently not available in an IC form. An OTRA can be implemented by adopting the commercial AD844AN integrated chips with current feedback architecture. Up to now the topics of many research works have been focused on the internal circuit design of the operational transresistance amplifiers, where as the applications of the OTRAs still have not gained much attention.  Although the OTRA is commercially available from several manufacturers under the name Norton Amplifier but it has not gained attention effectively .These commercial realizations do not provide virtual ground at the input terminals & they allow the input current to flow in one direction only. 
 To evaluate the theoretical analysis of the OTRAs constructed with ICs-AD844AN, the PSPICE simulations confirm the practicality of such OTRA circuits. The transresistance amplifier employs current processing techniques to improve dynamic speed capability & to provide a constant bandwidth virtually independent of closed loop gain. It is to be noted that the unity gain frequency of a 741 OP-AMP is only 1MHz.  It is this characteristic of operational transresistance amplifier which makes it different from the general operational amplifier. The simulation results verify that the circuit topologies using OTRAs for realizing signal generating circuits are simple, effective, flexible, versatile, and easily tuneable.These characteristics of operational transresistance amplifier makes it  one of the basic building blocks of the analog circuit systems. Hence these circuits can be expected to find wide applications in pulse-width modulation controlled circuits, time delay circuits, phase-detected circuits, in electronic instrument systems where higher frequencies up to MHz & variable duty cycles are demanded. 

It is suggested to realize signal generating circuits like oscillators, square wave generators, Mono stable multi vibrators & bi stable multi vibrators using OTRAs. These circuits can be   constructed with ICs AD844AN   on breadboard to have more flexibility & control on condition of oscillations & easily tune ability of the circuits.
                                  *************************************************

  Appendix A
APPLICATIONS OF OPERATIONAL TRANSRESISTANCE AMPLIFIER
a) Non-inverting amplifier
A.1 Introduction 


In recent years, the signal processing extends to the higher frequencies. The traditional voltage mode operational amplifier has a bandwidth, which is dependent on the closed loop voltage gain. This problem has led to an attempt to operate in current mode. The current feedback op-amp has become commercially successful. The transconductance amplifier drives a capacitive load only.


 But the operational transresistance amplifier is suitable to amplify signal from the devices that have the characteristics as a current source such as inductor & capacitor.

The transresistance amplifier employs current processing techniques to improve dynamic speed capability & to provide a constant bandwidth virtually independent of closed –loop gain


The operational transresistance amplifier is one of the basic building blocks of the analog circuit systems.

                                                    IP                                                                                                                         

                                    VP                                                                                                                                                  

                                                                                                          VO          
                                                    IN                                                                                                                                                          

                                      VN                                                          
   Figure A.1 Circuit symbol of OTRA      

In order to verify the constant bandwidth performance and the current tuneable gain of the completed OTRA, the non – inverting amplifier is selected to be simulated. Three different current biasing values 20mA, 40mA & 60mA at feedback network were selected & simulated with input signal voltages 10v.

A.2 Non-inverting Amplifier circuit with vac=10v& Ibias =20mA 

The simulation result of vac equal to 10v & Ibias equal to 40mA is shown in fig.A.2
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Fig. A.2 Internal structure of OTRA circuit with vac=10v& Ibias =40mA
[image: image59.emf]
Fig. A.3 The simulated frequency response of OTRA circuit with vac=10v& Ibias =20mA

The simulation was carried out with vac equal to 10v & Ibias equal to 20mA .The simulated result shows the output voltage is 21.94v, gain in dB is equal to -72.5 & bandwidth is 25 GHz.
A.3 Non-inverting Amplifier circuit with vac=10v& Ibias =40mA

The simulation result of vac equal to 10v & Ibias equal to 40mA is shown in fig.A.4
[image: image60.emf]
Fig. A.4 The simulated frequency response of OTRA circuit with vac=10v& Ibias =40mA

The simulation was carried out with vac equal to 10v & Ibias equal to 40mA .The simulated result shows the output voltage is 33.4v, gain in dB is equal to -80 & bandwidth is 25 GHz

A.5 Non-inverting Amplifier circuit with vac=10v& Ibias =60mAThe simulation result of vac equal to 10v & Ibias equal to 40mA is shown in fig.A.5
[image: image61.emf]
     Fig.A.5 The simulated OTRA circuit with vac=10v& Ibias =60mA
The simulation was carried out with vac equal to 10v & Ibias equal to 60mA .The simulated result shows the gain in dB is equal to -86 & bandwidth is 25 GHz

A.6 Analysis of Simulation Result

 In process of simulation, input current was swept by varying the biasing current in three values (20mA, 40mA & 60mA) & by keeping input signal strength constant at 10v.The simulation result shows that the bandwidth of non-inverting amplifier is constant for varied values of Ibias. It means that frequency response of this circuit is not dependent on the gain of the circuit.The gain of the circuit can be tuned easily by adjusting the biasing current. It is to be noted that the unity gain frequency of a 741 OP-AMP is only 1MHz.  It is this characteristic of operational transresistance amplifier which makes it different from the general operational amplifier. Thus, the proposed OTRA is capable of working efficiently at higher frequencies. It is this characteristic of operational transresistance amplifier which makes it different from the general operational amplifier.
A.7 Conclusion 

The table at fig.A.5 shows the comparison of simulated results obtained.

	Ibias
	Vin

& Vo
	Current tunable

Gain(dB)
	Fo(GHz)
	Band width

(GHz)
	Remarks

	20mA
	10v &

21.94v
	-72.5,


	25
	 25
	gain depends on Ibias       

 &  Band-width independent of closed loop gain 

	40mA
	10v &

33.4v
	-80
	25
	 25
	   -do-

	60mA
	10v &

43.5v
	-86
	25
	 25
	    -do-


              Table .5 Comparison of simulation results 

b) Low pas & High pass filters
B.1 Introduction
In this proposed current mode filter circuit a grounded parallel immitance simulator topology employing single OTRA is used. This can be helpful for the realization of analog signal processing circuits Immitance simulators play an important role in areas such as oscillator design, filter design & cancellation of parasitic elements.

B.2 OTRA Low pass filter circuit for vin equal to 5v
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                  Figure B.1 internal circuit of current mode LPF filter using OTRA vac=5v

[image: image63.emf]
                                 Fig.B.2 The simulated result of Vin  &  Vo  of OTRA LPF circuit with vac=5v

[image: image64.emf]
Fig. B.3 The simulated result of frequency response of OTRA LPF circuit with vac=5v

The simulated OTRA as a low pass filter has cut-off frequency as 100 KHz with 11 dB gain when input is Vac equal to 5v. 
B.3 OTRA LPF circuit for vin equal to 10v
[image: image65.emf]
Fig. B.4 The simulated result of Vin  &  V0   of OTRA LPF circuit with vac=10v

[image: image66.emf]
Fig.B.5 The simulated result of frequency response of OTRA LPF circuit with vac=10v
The simulated OTRA as a low pass filter has cut-off frequency as 100 KHz with 11 dB gain when input is Vac equal to 10v. 

B.4   OTRA HPF with vin equal to 5v 
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Fig. B.6 internal circuit of high pass filter using OTRA


[image: image68.emf] Fig.B.7 The simulated result of Vo of OTRA HPF circuit with vac=5v

[image: image69.emf] Fig. B.8 The simulated result of frequency response of OTRA HPF circuit with vac=5 v
The simulated OTRA as a low pass filter has cut-off frequency as 100 KHz with 11 dB gain when input is Vac equal to 10v. 

B.5 OTRA HPF circuit for vin equal to 10v 


[image: image70.emf]
           Fig. B.9 The simulated result of Vo  of OTRA HPF circuit with vac=10v


[image: image71.emf]
 Fig.B.10 The simulated result of v0 of OTRA HPF circuit with vac=10v
The simulated OTRA as a high pass filter has cut-off frequency as 100 KHz with when input is Vac equal to 10v. 

B.6 Analysis of Results

	Sl.no.
	Input voltage
	Low pass filter cutoff frequency
	 LPF Gain
	high pass filter cutoff frequency
	HPF Gain
	Remarks

	2
	    5v
	        100KHz
	   11 dB
	     100KHz
	0 dB
	Cut-off frequency is independent of input voltage as gain remains constant

	3
	  10v
	        100KHz
	   11 dB
	     100KHz
	0 dB
	


              Table .6 Comparisons of simulation results of filters

B.7 Conclusion

This circuit configuration uses a single OTRA and passive elements to realize as a low pass / high pass filter. Owing to internal grounding of the OTRA input terminals; effect of the parasitics are significantly reduced. An OTRA is a high gain, current – input & voltage – output device. Using this device in a negative feedback loop makes it possible to obtain very accurate transfer functions. Both input & output terminals 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. 

                                **************************************************
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Appendix –C               
  CMOS process parameters used
          C.1    MbreakND NMOS  

 * LEVEL    = 3 (1, 4, 1)

 *   L          = 2.0000E-6 (1.0000E-18, 1.0000E30, 0)

 * W         = 0.5 (1.0000E-18, 1.0000E30, 0)

 * Kp        = 20.000E-6(1.0000E-18, 1.0000E30, 0)

 * Rs        = 10.000E-391.0000E-18, 1.0000E30, 0)

 * RD       = 10.000E-3(1.0000E-18, 1.0000E30, 0)

 * VTO     = 4(-1.0000E30, 1.0000E30, 0)

* RDS       = 1.0000E6 (1.0000E-9, 1.0000E30, 0)

* TOX       = 2.0000E-6(1.0000E-18, 1.0000E30, 0)

* CGSO    = 40.000E-12(1.0000E-18, 1, 0)

* CGDO    = 10.000E-12(1.0000E-18, 1, 0)

* CBD       = 1.0000E-9(1.0000E-18, 1, 0)

* MJ         = .5 (.1, 1.5000, 0)

* PB         = .8(.3905, 3, 0)

* FC          = .5 (.1, 5, 0)

* RG         = 5(10.000E-3, 1.0000E30, 0)

* IS           = 10.000E-15(1.0000E-18, .1, 0)

* N          = 1(.1, 5, 0)

* RB        = 1.0000E-3(1.0000E-9, 100, 0)

* PHI       = .6(1.0000E-3, 1.0000E30, 1)

* GAMMA= 0(0, 1.0000E30, 1)

* DELTA   =0(0, 1.0000E30, 1)

* ETA        = 0(0, 1.0000E30, 1)

* THETA   = 0(0, 1.0000E30, 1)

*KAPPA    = 0(0, 1.0000E30, 1)

* VMAX       = 0(0, 1.0000E30, 1)

* XJ            = 0 (0, 1.0000E30, 1)

* V0           = 300(100.00E-18, 1.0000E30, 1)

C.2

Mbreak PD, PMOS

+ LEVEL   = 3

+ L            = 2.0000E-6

+ W          = .5

+ Rs          =10.000E-3

+ RD         = 10.000E-3

+ VTO       = 4

+RDS        = 1.0000E6

+TOX        = 2.0000E-6

+CGSO     = 40.000E-12

+ CGDO   = 10.000E-12

+ CBD     = 1.0000E-9

+ RG         = 5

+RB          = 1.0000E-3

+GAMMA= 0

+KAPPA =   0

+ U0       = 300  

                     C.3                                          MOSFET model parameters 

Parameter                                Description                                Unit             Default             

AF                                            flicker noise exponent                            -                                1

CBD                       zero-bias bulk-drain p-n capacitance                   farad                            0

CBS                      zero-bias bulk-source p-n capacitance                  farad                            0

CGBO              gate-bulk overlap capacitance/channel length             farad/meter                0

CGDO             gate-drain overlap capacitance/channel width             farad/meter                0

CGSO              gate-source overlap capacitance/channel width            farad/meter               0

CJ                    bulk p-n zero-bias bottom capacitance/area                  farad/meter            2 0

CJSW               bulk p-n zero-bias sidewall capacitance/length               farad/meter               0

FC                      bulk p-n forward-bias capacitance coefficient                         -                         0.5

GDSNOI          channel shot noise coefficient (use with NLEV=3)               -                         1

IS                             bulk p-n saturation current                                              amp              1E-14

JS                          bulk p-n saturation current/area                                           amp/meter      2 0

JSSW                 bulk p-n saturation sidewall current/length                         amp/meter          0

KF                                          flicker noise coefficient                                        -                      0

L                                          channel length                                                          meter          DEFL 

LEVEL                                          model index                                                        -                 1

MJ                         bulk p-n bottom grading coefficient                                     -                  0.5

MJSW                 bulk p-n sidewall grading coefficient                                      -                0.33

N                              bulk p-n emission coefficient                                              -                    1

NLEV                            noise equation selector                                                  -                    2

PB                        bulk p-n bottom potential                                                    volt              0.8

Parameter                                Description                                Unit             Default             

PBSW                 bulk p-n sidewall potential                                                   volt               PB 

RB                                bulk ohmic resistance                                                            ohm                  0

RD                             drain ohmic resistance                                                            ohm               0

RDS                       drain-source shunt resistance                                                  ohm     infinite

RG                                 gate ohmic resistance                                                    ohm              0

RS                                source ohmic resistance                                                  ohm                0

RSH                    drain, source diffusion sheet resistance                             ohm/square       0

TT                         bulk p-n transit time                                                                 sec               0

 W                                   channel width                                                        meter            

DELTA                 width effect on threshold                                                          -                    0

ETA                             static feedback (Level 3)                                                    -                   0

GAMMA               bulk threshold parameter                                                     volt            1/2 

KP                            transconductance coefficient                                       amp/volt         2 2.0E-5

KAPPA                saturation field factor (Level 3)                                               -                0.2

LAMBDA                 channel-length modulation (Levels 1 and 2)                      volt        -1 0.0

LD                                         lateral diffusion (length)                                        meter          0.0

NEFF                                channel charge coefficient (Level 2)                                -              1.0

NFS                                   fast surface state density                                              1/cm2        0.0

NSS                                     surface state density                                                    1/cm2      none

NSUB                                         substrate doping density                                       1/cm3      none

PHI                                                surface potential                                                  volt            0.6

THETA                                       mobility modulation (Level 3)                                  volt-      1 0.0

TOX                                      oxide thickness                                                                        meter          .1u                   

TPG                 Gate material type: +1 = opposite of substrate                              -                      +1

                                                         -1  = same as substrate                                    -

                                                          0 = aluminium                                                 -

UCRIT                  mobility degradation critical field (Level 2)                          volt/cm          1.0E4

UEXP                   mobility degradation exponent (Level 2)                                      -                0.0

UTRA     (not used) mobility degradation transverse field coefficient               -                 0.0
UO                                        surface mobility                                             cm2 /volt*sec          600

                       (The second character is the letter O, not the numeral zero.)

VMAX                      maximum drift velocity                                                      meter/sec              0

VTO                 zero-bias threshold voltage                                                           volt                       0

WD                      lateral diffusion (width)                                                            meter                    0

XJ                    metallurgical junction depth (Levels 2 and 3)                              meter                   0

XQC          fraction of channel charge attributed to drain                                        -                   1.0

************************************

Appendix D

Use of Wilson Current Mirror in OTRA circuit

  D.1 Introduction
The ever-rising proliferation of portable electronics has increased the need for low power, low voltage devices. One possible approach to achieve this goal is by designing power efficient, low voltage base components and building blocks. This would enable to achieve both higher integration levels in VLSI technology and more power-efficient systems. Current mirrors are one of the building blocks more widely used in many applications. However, they usually require either a relatively high voltage or input current to operate properly. Thus, new current mirrors that consume less power will serve well the increasing need for low power consuming building blocks.

   D.2 Low-Voltage Wilson Current Mirror in CMOS
The figure D.1 shows the Simple low-voltage CMOS analogy of the Wilson current mirror that function well at all current levels, ranging from weak inversion to strong inversion. This current mirror can operate on a low power-supply voltage of a diode drop plus two saturation voltages and features a wide output-voltage swing with a cascode-type incremental output impedance. The circuit requires aninput voltage of a diode drop plus a saturation voltage.
The current mirrors are fabricated in a 0.5-μm CMOS process

through MOSIS. The circuit is implemented with nMOS transistors.  

 SHAPE  \* MERGEFORMAT 



                                                          Fig. D.1 The Wilson current mirror

Wilson current mirror in CMOS with NMOS transistors necessitate good beta-immunity and a high incremental output resistance. In CMOS, however, neither of these mirrors is suitable for use under a low power-supply–voltage design constraint, because each requires an input voltage of two (or more, if we consider the body effect) diode drops and has an output compliance voltage of a diode drop plus a saturation voltage. The Wilson mirror achieves a high incremental output resistance as follows. Any increase in the output current due to an increase in the output voltage through output transistor’s early effect is sensed by the simple current mirror whose input is in series with the output transistor. This simple mirror feeds back the output current to the input node, reducing the gate voltage of the ouput transistor, thereby reducing its channel current and compensating the 

original current increase. Because a transistor’s incremental transconductance gain is typically much larger than its incremental output conductance, the input voltage does not normally need to move by very much to compensate such output current variations. However, if the output transistor enters its ohmic region, the incremental output conductance increases to the point that it is comparable to the transistor’s incremental transconductance gain. In this case, the the input voltage will change by as much as or more than the output voltage in an attempt to compensate for changes in the mirror’s output current. We shall take the output voltage at which the output transistor’s incremental output conductance is on a par with its transconductance to be the Wilson mirror’s output compliance voltage. If the output voltage drops below this level, the output current decreases precipitously to zero while the input voltage rises rapidly towards the positive power supply rail. The fact the simple current mirror that senses the output current requires a diode drop at its input is the source of the relatively high output compliance voltage and input voltage that together make the Wilson mirror unattractive from a low voltage–design viewpoint. 

                            ***********************************************
Appendix E                        Using PSpice with ORCAD programs
Using Capture to prepare for simulation [52]
· Capture is a design entry program you need to prepare circuit for simulation. This means:

· Placing and connecting part symbols,

· Defining component values and other attributes,

· Defining input waveforms,

· Enabling one or more analyses, and                                     

· Marking the points in the circuit where you want to see results. 

Capture is also the control point for running other programs used in the simulation design flow.

What is the PSpice Stimulus Editor?

The Stimulus Editor is a graphical input waveform editor. The Stimulus Editor can be defined as :

· Analog stimuli with sine wave, pulse, piecewise linear,exponential pulse, single-frequency FM shapes, and digital stimuli that range from simple clocks to complex pulse patterns and bus sequences.

· The Stimulus Editor lets us draw analog piecewise linear and all digital stimuli by clicking at the points along the timeline that correspond to the input values that you want at transitions.

What is the PSpice Model Editor?   

The PSpice Model Editor is a model extractor that generates model definitions for PSpice A/D to use during simulation. All the PSpice Model Editor needs is information about the device found in standard data sheets. As we enter the data sheet information, the Model Editor displays device characteristic curves so we can verify the model-based behaviour of the device. When we are finished, the PSpice Model Editor automatically creates a part for the model.               

.

[image: image73.emf]
Files needed for simulation

To simulate the design, PSpice needs to know about:

· The parts in the  circuit and how they are connected,

· What analyses to run,

· The simulation models that correspond to the parts in the circuit, and

· The stimulus definitions to test with.

  This information is provided in various data files. Some of these are generated by Capture, others come from libraries (which can also be generated by other programs like the PSpice Stimulus Editor and the PSpice Model Editor), and still others are user-defined.

Files that Capture generates

When you begin the simulation process, Capture first generates files describing the parts and connections in your circuit. These files are the net list file and the circuit file that PSpice reads before doing anything else.

[image: image74.emf]
 Example circuit creation [image: image75.emf]
To create a new PSpice project

1 From the Windows Start menu, choose the ORCAD   program folder and then the Capture shortcut to start Capture.2 In the Project Manager, from the File menu, point to New and choose Project.3 Select Analog or Mixed-Signal Circuit Wizard.4 In the Name text box, enter the name of the project (CLIPPER).5 Use the Browse button to select the location for the project files, then click OK.

6 In the Create PSpice Project dialog box, select create a blank project.7 Click OK.

[image: image76.emf]
Click OK to close the Simulation Settings dialog box.

8 From the File menu, choose Save.

9 From the PSpice menu, choose Run to run the analysis
[image: image77.emf]
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Sinusoidal input and clipped output waveforms.
                                  **********************************************
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Table 3. Gain vs. Bandwidth 
	Gain 
	R1 
	R2 
	BW (MHz) 
	GBW (MHz) 

	−1 
	1 kΩ 
	1 kΩ 
	35 
	35 

	−1 
	500 Ω 
	500 Ω 
	60 
	60 

	−2 
	2 kΩ 
	1 kΩ 
	15 
	30 

	−2 
	1 kΩ 
	500 Ω 
	30 
	60 

	−5 
	5 kΩ 
	1 kΩ 
	5.2 
	26 

	−5 
	500 Ω 
	100 Ω 
	49 
	245 

	−10 
	1 kΩ 
	100 Ω 
	23 
	230 

	−10 
	500 Ω 
	50 Ω 
	33 
	330 

	−20 
	1 kΩ 
	50 Ω 
	21 
	420 

	−100 
	5 kΩ 
	50 Ω 
	3.2 
	320 


RESPONSE AS AN I-V CONVERTER 
The AD844 works well as the active element in an operational current-to-voltage converter, used in conjunction with an exter-nal scaling resistor, R1, in Figure 30. This analysis includes the stray capacitance, CS, of the current source, which may be a high speed DAC. Using a conventional op amp, this capacitance forms a nuisance pole with R1 that destabilizes the closed-loop response of the system. Most op amps are internally compensated for the fastest response at unity gain, so the pole due to R1 and CS reduces the already narrow phase margin of the system. For example, if R1 is 2.5 kΩ, a CS of 15 pF places this pole at a frequency of about 4 MHz, well within the response range of even a medium speed operational amplifier. In a current feedback amp, this nuisance pole is no longer determined by R1 but by the input resistance, RIN. Because this is about 50 Ω for the AD844, the same 15 pF forms a pole at 212 MHz and causes little trouble.  K is a factor very close to unity and represents the finite dc gain of the amplifier. Td is the dominant pole. Tn is the nuisance pole. Using typical values of R1 = 1 kΩ and Rt = 3 MΩ, K = 0.9997; in other words, the gain error is only 0.03%. This is much less than the scaling error of virtually all DACs and can be absorbed, if necessary, by the trim needed in a precise system. 

In the AD844, Rt is fairly stable with temperature and supply voltages, and consequently the effect of finite gain is negligible unless high value feedback resistors are used. Because that results in slower response times than are possible, the relatively low value of Rt in the AD844 is rarely a significant source of error. 

CIRCUIT DESCRIPTION OF THE AD844 
A simplified schematic is shown in Figure 31. The AD844 differs from a conventional op amp in that the signal inputs have radically different impedance. The noninverting input (Pin 3) presents the usual high impedance. The voltage on this input is transferred to the inverting input (Pin 2) with a low offset voltage, ensured by the close matching of like polarity transistors operating under essentially identical bias conditions. Laser trimming nulls the residual offset voltage, down to a few tens of microvolts. The inverting input is the common emitter node of a complementary pair of grounded base stages and behaves as a current summing node. In an ideal current feedback op amp, the input resistance is zero. In the AD844, it is about 50 Ω. 

A current applied to the inverting input is transferred to a complementary pair of unity-gain current mirrors that deliver the same current to an internal node (Pin 5) at which the full output voltage is generated. The unity-gain complementary voltage follower then buffers this voltage and provides the load driving power. This buffer is designed to drive low impedance loads, such as terminated cables, and can deliver ±50 mA into a 50 Ω load while maintaining low distortion, even when operating at supply voltages of only ±6 V. Current limiting (not shown) ensures safe operation under short-circuited conditions. 
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