CHAPTER - I
INTRODUCTION

1.1 INTRODUCTION
This dissertation presents the result of some studies on CMOS/Bipolar realization of some building blocks for instrumentation application which include universal current  mode filter, current mode amplifier, current mode lossy and lossless integrator, current mode differentiator etc. The building blocks considered are current conveyor (CCII), current differencing buffered amplifier (CDBA), differential voltage current conveyor (DVCC).

The main thrust of the work presented here has been on the review of the prominent work in the area of modern building blocks namely Current Conveyors and their various derivatives, and other recently proposed active building blocks [1]. One of the recently proposed active building blocks namely Current Differencing Current Conveyor (CDCC) has been used to develop various signal processing elements used in instrumentation and control.
1.2 
OPERATIONAL AMPLIFIER (OPAMP)
The integrated circuit operational amplifier has been the most widely used active   circuit element in analog circuit design since long because of its versatility. It is often said that in the area of analog circuit, almost anything can be done using op-amp. Thus on one hand, one can realize using op-amps, all linear circuits such as the four controlled sources (VCVS, VCCS, CCVS and CCCS), Integrators, differentiators, summing and differencing amplifier, variable gain differential/instrumentation amplifiers, oscillators etc, on the other hand, opamps can also be relize a variety of non linear functional circuits such as comparators, Schmitt trigger, sample and hold amplifiers, precision rectifiers, multivibrators, log-antilog circuits and a variety of relaxation oscillators. Though a large variety of opamps are available from numerous IC manufacturers, the internally compensated types, such as uA741 from Fairchild and LF356 from national semiconductors, can be ragareded to be the most popular ones for general purpose applications. The circuit symbol of the op-amp are shown in fig1.1
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  Fig1.1(a) Symbol of OP-AMP
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Fig.1.1(b) Port relation


1.3 Current Conveyors
 Though the IC Opamp is a very versatile building block it suffers from certain serious limitations such as limited bandwidth, finite slew rate, difficulty for configuration as a controlled current source etc. Researchers in the area of analog circuit design were aware of these problems from the very beginning and were looking for alternate active building blocks to be used for other demanding applications.  The current conveyor (CC) is the basic building block of a number of contemporary applications both in the current and the mixed modes. The principle of the current conveyor of the first generation was published in 1968 by K. C. Smith and A. S. Sedra [2]. Two years later, today’s widely used second-generation CCII was described in [3], and in 1995 the third-generation CCIII [4]. However, initially, during that time, the current conveyor did not find many applications because its advantages compared to the classical operational amplifier (OpAmp) were not widely appreciated and any IC implementation of Current Conveyors was not available commercially as an off-theshelf item. An IC CC, namely PA630, was introduced by Wadsworth [5] in 1989 (mass produced by Phototronics Ltd. of Canada) and about the same time, the now well known AD844 (operational transimpedance amplifier or more popularly known as a current feedback op-amp) was recognized to be internally a CCII+ followed by a voltage follower (for instance, see [6]). An excellent review of the state-of-the-art of current-mode circuits prior to 1990, was provided by Wilson in [7]. Today, the current conveyor is considered a universal analog building block with wide spread applications in the current-, voltage-, and mixed mode signal processing. Its features find most applications in the current mode, when its so-called voltage input y is grounded and the current, flowing into the low-impedance input x, is copied by a simple current mirror into the z output.

            Since 1995 in particular, many successive modifications and generalizations of the basic principle of CCII  have appeared in literature in order to use this circuit element more efficiently in various applications. A summary of the behavioral models of selected conveyors is in Fig. 1.2. 

               The demand for a multiple-output current conveyor for various active filter applications (particularly biquad types) led to the development of DO-CCII (Dual-Output CCII), which provides currents Iz of both directions, thus combining both the positive and the negative CCII in a single device [8]. 
If both currents are of the same polarity, the conveyors are of the CFCCIIp or CFCCIIn types (Current Follower CCII), where the symbol p or n means positive or negative current conveyor [9]. Another generalization is represented by the so-called DVCCII (Differential Voltage Current Conveyor) [10], in which the original “voltage” input y is split into a pair of inputs Y1 and Y2. The voltage of the x terminal is then given by the voltage difference of the voltage inputs. This offers more freedom during the design of voltage- and mixed-mode applications
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Fig.1.2 Basic block and port relation of Current Conveyor and their derivatives
DVCC with the complementary pair of z1 and z2 terminals is known as DVCCC (Differential Voltage Complementary CC) [10]. As a special case of DVCCII for y1 grounded, the ICCII (Inverting CCII) is described in [11]. On the contrary, DDCC (Differential Difference CCII) [12] is an extension of DVCCII: Voltage at the x terminal is given by a combination of voltages at three terminals y1, y2, and y3. Splitting the z terminal of DDCC into a pair of z terminals with currents Iz = Ix yields DDCCC (Differential Difference Complementary CC) [13]. Another generalization of the classical CCII is DCC (Differential Current Conveyor) [14], in which the x input is replaced by the pair of x1 and x2. The current through the z terminal is given by the difference of currents through the x1 and x2  terminals. MDCC (Modified Differential Current Conveyor) [14] is a simplification of DCC on the assumption that signal (voltage) at the y terminal is zero. 

       In [15], Zeki and Toker proposed the Dual-X Second-Generation Current Conveyor (DXCCII) which is a combination of CCII and ICCII. Instead of a single x terminal, DXCCII has two terminals xp and xn as outputs of non-inverting and inverting unity-gain amplifiers with their inputs connected to y terminal. Copies of xp and xn terminal currents are provided at zp and zn terminals.

            FDCCII (Fully Differential CCII) [16] is an important generalization of the conventional CCII. The x, y, and z terminals occur here in pairs. The basic circuit equations of the CCII are now valid for differences of voltages or currents which correspond to these pairs. FDCCII is thus designed for applications with fully differential architecture for fast signal processing. In [17], this type of conveyor is called FBCCII (Fully Balanced CCII). 

          The so-called modified CCII (MCCII) is published in [18]. Its special internal structure provides such an operation that the current through the z terminal does not 
depend on the direction of current Ix, i.e. Iz = abs(Ix). This feature can be used with advantage to implement economically full-wave rectifiers [18]. Joining two current conveyors CCII- yields the so-called Operational Floating Conveyor (OFC) [19]. OFC is a universal differential-input differential-output building block, enabling current-, voltage-, and mixed-mode applications. An extreme embodiment of universality is the so-called UCC (Universal Current Conveyor) [20]. By means of this element, one can implement all the above types of current conveyor. However, such universality is at the cost of non-optimal parameters for a concrete application.

          A modification of the third-generation current conveyor is described in [21]. The so-called MCCIII (Modified CCIII) is equipped with a couple of z1 and z2 terminals. Currents through these terminals are of opposite directions and the following equalities hold: Iz1 = -2Ix, Iz2 = Ix. Unequal values of the currents enable the design of interesting applications [21].

The non-zero x-terminal impedance is an important parasitic parameter of the current conveyor, which negatively affects its behavior, particularly in filtering applications [22], [23]. However, this phenomenon is paradoxically utilized in a new type of conveyor, namely CCCII (Current Controlled Conveyor) [24-26], where the resistance of x terminal is controlled electronically via the bias current. It can be shown that this active device can be used in filters whose parameters may be controlled electronically [27]. Such a feature has been inherent in the so-called gmC filters, i.e. filters, compounded only of OTAs and capacitors. 

Another method for controlling electronically the parameters of applications employing current conveyors is based on conveyors with variable current gain Iz/Ix. In [28], such a conveyor is identified by the abbreviation CGCCII (Current Gain CCII). The current conveyor of such a type, concretely CCII-, was formerly manufactured by Élantec under the code EL2717 [28]. In [29], the variable gain is implemented via transforming current Iz into voltage by means of resistors, and via back transformation of voltage into current 
by gains of electronically gm-controlled OTA. The most recent solution is characterized by digital control of the gain, utilizing the so-called CDN (Current Division Network) [82] and DCCF (Digitally Controlled Current Follower) [30].
1.4 Operational Amplifiers (Op-Amps), FTFN, and Hybrid Op-Amp-CC Elements [1]
      In the following we present a brief summary of some of the other active building blocks which have been proposed from time to time. This review is based on the material presented in [1]. 68 years have elapsed since the design of the first operational amplifier (Op-Amp) [31] and 56 years since the manufacture of the first commercial Op-Amp [32]. Over time, the Op-Amp internal structure has been modified and two basic Op-Amp types – Voltage Feedback Amplifier (VFA) and Current Feedback Amplifier (CFA) have been outlined. However, the well-known input-output behavior of the ideal Op-Amp in the linear regime is still the same: zero differential input voltage, zero input currents, and extremely high signal gain. Such characteristic properties can be smartly modeled via a pair of nullator and narrator, called nullor [33]. According to [34], the amplifier is called  “operational” if it can simulate – with the assistance of the negative feedback – the nullor action at its input and output gates. 
      Fig. 1.3 gives the block representation and port relations of well-known amplifiers and related hybrid elements. 

     In modern mixed systems, which combine analog and digital parts on a chip, the question of the immunity of analog circuits to digital noise is of much importance. The analog subsystems should therefore be designed with a fully balanced architecture. Such architecture is attained in several steps which can be characterized by the abbreviations DDA (Differential Difference Amplifier), FTFN (Four Terminal Floating Nullor), OFA (Operational Floating Amplifier), DDOFA (Differential Difference OFA), and FBFTFN (Fully Balanced FTFN). 

       The principle of the DDA was published for the first time by Säckinger in 1987 [35]. In contrast to the conventional Op-Amp, DDA has four high-impedance inputs pp, pn, np, and nn. Whereas the Op-Amp amplifies the 
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Fig.1.3 Operational Amplifier And Hybrid Elements

difference voltage Vp-Vn and provides the equality Vp=Vn with the help of negative feedback, the DDA responds to the “generalized“ difference voltage (Vpp-Vpn) – (Vnp-Vnn), and maintains the equality Vpp-Vpn= Vnp-Vnn via the feedback. Among other things, this principle enables an implementation of applications with high signal dynamics with a minimum number of additional elements and without the necessity of satisfying the limiting matching conditions between the parameters of such elements [36].
  The need for the floating output in some applications led to the design of monolithic floating nullor [37].From the point of view of classical works of Tellegen [38]and Carlin [33],it is a four-terminal floating nullor (FTFN). A number of papers have dealt with the FTFN implementation [37,39,40]. A general implementation has been described by Huijsing in [41] under the notation Operational Floating Amplifier (OFA). Compared to the conventional Op-Amp, OFA has a pair of output terminals. The current, coming into one of them, flows out of the other. In the ideal case, this element can be represented by a bipolar-output operational transconductance amplifier (BOTA) with the transconductance approaching infinity. In this case, the output impedances are theoretically infinite. However, most FTFN implementations are based on the conventional OpAmp with the output terminal labeled w, and the current, flowing through this terminal, is replicated by current mirrors to another output terminal, labeled z [42,43].The outputs are then asymmetrical, with low (w) and high (z) impedances. The difference, compared to the “BOTA“ concept, is obvious: in the case of “BOTA“, both output signals are derived symmetrically from the input difference voltage. Now only the signal of the w terminal is derived from the input voltage, whereas the signal of the z terminal is a consequence – current replica – of the signal of the w terminal. Such an FTFN implementation is called OFA (Operational Floating Amplifier, see above) if the current copy is in opposite direction to the original current, or OMA (Operational Mirrored Amplifier) [44], possibly PFTFN (Positive FTFN) [45] if both directions are identical. Increasing the universality can be achieved by increasing the number of current copies. This kind of circuits is called FiTFN (Five Terminal Floating Nullor) [46]or, more generally, MO-FTFN (Multi-Output FTFN) [47] For example, the extension to a couple of bipolar currents z+ a z- is done in [48]. Other attempts to increase the universality resulted in the TFTFN element (Tunable current gain FTFN) [49, 50].

Combining the advantages of the fully balanced input of DDA and the symmetrical output of OFA results in the DDOFA (Differential Difference Operational Floating Amplifier) [51] element, which has four high-impedance voltage inputs and two high-impedance current outputs. The FBFTFN (Fully Balanced Four Terminal Floating Nullor) [52] with inputs xp, xn, yp, yn and outputs zp, zn, wp and wn represents the completion of the balanced structure. Circuit equations of the FBFTFN are analogous to equations of common FTFN but the differential variables Vxd=Vxp-Vxn, Vyd =Vyp-Vyn, Izd=Izp-Izn, Iwd=Iwp-Iwn figure here instead of the original variables Vx, Vy, Iz, and Iw. An exhaustive bibliography on FTFNs and their applications in circuit analysis and design, covering the period 1961- 2000, has been presented in [53].

OTA (Operational Transconductance Amplifier) [54] belongs to the most widespread active elements for on-chip implementation of fast frequency filters. It acts as a voltage controlled current source with the possibility of electronic adjustment of transconductance gm. Recently, the MO-OTA (Multiple Output OTA) has appeared as a generalization of BOTA (Bipolar OTA) and its applications in economical biquadratic filters [55], [56]. owever, the drawbacks of such applications are not sufficiently emphasized. Some of them are referred to in [57]: the MO-OTA applications embody relatively high sensitivities to the attainable matching error of the current gains of the current mirrors that form the multiple output of the OTA. An error of about 1%, which is common for today’s CMOS technologies, often causes unacceptable deviations of circuit characteristics from those that were designed.

Another building block for current- and mixed- mode signal processing, the conventional TransImpedance Operational Amplifier (TOA) [107], is a combination of the CCII and the voltage buffer amplifier. The well-known CFA (Current Feedback Amplifier) has an identical internal structure. In a popular CFA from Analog Devices Inc., namely AD844, the z-terminal of the internal CCII+ is brought out which provides more flexibility in its use in several applications [58]. However, in CFAs from other manufacturers (for instance [59]), the z terminal of the internal CCII is not led out of the device in order to maximize the parasitic TransImpedance and thus the bandwidth. In slower applications, where higher stability is required, the VFAs (Voltage Feedback Amplifiers) can be preferably employed. 

Requests for the electronic control of conventional Op-Amp parameters enforced designing the CC-CFA (Current-Controlled CFA) [60]. The parasitic x-terminal resistance of the current conveyor, which forms the input part of the CFA, is controlled electronically via the bias current. Some interesting variants of CFAs have also been proposed such as Differential Voltage CFA (DVCFA) [61] and its further generalized form, namely the Differential Difference Complementary Current Feedback Amplifier (DDCCFA), as in [62]. Note that DVCFA and DDCCFA are DVCC+ and DDCCC elements, complemented by unity-gain voltage buffers. 

A special Op-Amp type, which is not commercially available, is the so-called TCOA (True Current Operational Amplifier) [63, 64]. It works analogously to the conventional voltage-feedback amplifier but with currents, not voltages. It consists of two low-impedance inputs, + and -, and an arbitrary number of high-impedance current outputs. The output currents, which can be of both polarities, have identical values, which are given by the formula Iout = A (I+ - I-). For ideal TCOA, the current gain A is infinite. Due to the negative feedback, the input difference current is adjusted to zero analogously to the difference input voltage of VFA. The TCOA can be easily obtained, e.g. from the CDTA element  with open z terminal.

 Note that the TCOA concept was published already in the eighties of the last century. Details are given in [65] by Bruun. In addition, the difference-input double-output current amplifier is described here, consisting of a current differencing unit and of a high-gm OTA. Thus the amplifier structure corresponds to the CDTA element.
A systematic Op-Amp classification according to the types of signal at their input and output gates (voltages, currents, voltage and current) is proposed in [34]. Nine types of Op-Amps are assigned to nine existing combinations. Eight of them are represented by concrete, already defined types of active element. A special type of operational amplifier, called CFB OTA (Current-Feedback Operational Transconductance Amplifier) [66], is assigned to the combination of hybrid input (voltage and current) and current output. In fact, this Op-Amp is a second generation current conveyor with double current output z+ and z-, thus DO-CCII. 

The fact that the advantages of the current conveyor consist in the speed, caused by a simple circuit architecture, whereas the strong point of the conventional Op-Amp is the accuracy, which is caused by the effect of negative feedback, is utilized in the circuit element called OC (Operational Conveyor) [23], [67], [68], which is compounded of one Op-Amp and one CCII. The Op-Amp feedback is fed from its output through the y-x gate of the CCII to the inverting Op-Amp input. As a result, the influence of the nonzero resistance of x terminal is suppressed. In reality, this effect works only within the OpAmp bandwidth. In order to minimize the problems with stability, the Op-Amp should be of the voltage-feedback type. The advantages of such an integration of two different circuit principles are demonstrated in several papers for circuits in the small-signal linear regime such as instrumentation amplifiers and filters [67-69], and also for nonlinear applications, namely rectifiers [70].
1.5 Other Active Element

Models of active elements described in this Section are shown in Fig. 1.4. 

In 1992 and 1999, two papers were published which introduced new circuit elements OTRA (Operational Transresistance Amplifier) [71] and CDBA (Current Differencing Buffered Amplifier) [72]. The latter is also known as DCVC (Differential Current Voltage Conveyor) [73]. CDBA, a generalization of OTRA, is a universal element for filter design, primarily for voltage-mode operation. Numerous papers were published about CDBA applications [74-80]. Some of the applications profit from the basic CDBA feature, i.e. the non-problematic implementation of both noninverting and inverting integrator as a building block of filters of arbitrary order. 
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Fig1.4 other active element

CDBA contains the so-called CDU (Current Differencing Unit) and the voltage unity-gain buffer. Basically, CDU is a current conveyor of the MDCC type: It has two low-impedance terminals, p and n. The difference of currents Ip and In flows out of the z terminal and the corresponding voltage drop on the external impedance is copied by the buffer to the w output. That is why the additional impedances are necessary for implementing the feedbacks from the voltage output to the current inputs. It is inconvenient from the point of view of simplicity and low power consumption. Another drawback is the impossibility of direct electronic control of circuit parameters such as that for the OTA-based applications. This problem is solved via two different approaches. The CC-CDBA (Current Controlled CDBA) is described in [81]. The nonzero parasitic resistances of p and n terminals of the CDU are controlled electronically via bias currents. The p and n terminals thus act as voltage input terminals. These voltages are then transformed into currents, whose values are electronically controlled. In fact, this approach represents a transition to a “pure” voltage mode. Another solution is described in [82] from 2008 in the form of a new circuit element called DC-CDBA (Digitally Controlled CDBA). The output current of the current differencing unit is modified in the CDN (Current Division Network), whose current output is connected to the z terminal of the voltage buffer input. The CDN block works as a current attenuator with digitally controlled attenuation. Such a concept of controlling the parameters seems to be optimal, because – in contrast to the analog control – a greater accuracy of the parameter race of more active elements in the application can be guaranteed. 

In the paper [83] from 2003, the CDTA (Current Differencing Transconductance Amplifier) active element was described for the first time. The input part of the CDTA is formed – much like for the CDBA – by the current differencing unit (CDU). It is followed by the multiple-output OTA. The difference of currents Ip and In flows out of the z terminal, causing a voltage drop on the external impedance. This voltage is then transformed via the internal OTA back into the current Ix. From the point of view of currents Ip, In, and Ix, the circuit operates as a current-mode amplifier. Its gain is given by the product of external impedance and internal transconductance. When the z-terminal voltage is maintained within relatively low levels, then the circuit operation approaches the ideal current mode. In principle, CDTA applications do not require the use of external resistors, which are substituted by internal transconductors. Analogously to the well-known “gmC” applications, the “CDTA-C” circuits are formed by CDTA elements and grounded capacitors. Such structures are well-suited for on-chip implementation.

 In the last decade, lots of papers about the CDTA and its applications have been published in international journals and at conferences [84-97]. Within the frame of EUROPRACTICE, the very first CDTA chip in CMOS technology has been fabricated [97]. 

The authors of papers [99-101] performed a generalization of the CDTA element. Their modification is called CCCDTA (Current Controlled CDTA). It is an analogy to CCCDBA, where the electronic control is based on the dependence of parasitic input resistances of the CDU on the bias current. The above mentioned drawback consists in moving the circuit operation to the voltage mode.

 Note that the CDU, which is an important component of the above elements, is a special case of DCCII with the y terminal grounded, i.e. MDCC with z2 terminal omitted. 

GCMI (Generalized Current Mirror and Inverter) [102] is an element which is – in a certain sense – a dual element to the CDU. GMCI has x, z1, and z2 terminals and its equations are as follows: Iz1 = aIx, Iz2 = bIz2. Usually a=1, b=-1. Then GMCI is reduced to current mirror and current inverter, jointly excited from the low-impedance x terminal. This element has been published formerly under the name DOCF (Double Output Current Follower) [103].

 A novel circuit element, CTTA (Current-Through Transconductance Amplifier), is described in [104]. In contrast to the CDTA, its input block is the so-called CTU (Current Through Unit). The pair of input terminals serves as a voltage short circuit. The terminal current is copied to the output terminal. The CTU is designed as an ideal current sensor because it converts a current flowing through an arbitrary branch to its copy, which flows to an independent load for subsequent processing.

The CTU can be theoretically synthesized from the FTFN after connecting its input and output gates in parallel. However, among other things, the parasitic gate impedances as well as impedances of the individual terminals can cause a serious realization problem, because a part of the current sensed can leak through them out of the CTU. 

In respect of the difficulty of practical implementation of the CTTA, a simplified version called CCTA (Current- Conveyor Transconductance Amplifier) has been described in [105]. Instead of the CTU, the well-known CCIII (Current Conveyor of the third generation) is used here, enabling also the current sensing. In [106], a generalization to the so-called CCCCTA (Current Controlled CCTA) is given, where the above principle of electronic tuning of the parasitic resistance of the x terminal is utilized.

1.6 SCOPE AND THE OUTLINE OF THE WORK REPORTED IN THIS THESIS

The main thrust of the work reported in this thesis has been on the generation/realization of new circuit configuration for current-mode fully-differential (CMFD) biquad filter, CMFD amplifier, CMFD integrator and CMFD differentiator using current differencing current conveyor (CDCC) proposed in [1].  with particular emphasis on attaining features or evolving the types of structures which have not been dealt with in the existing technical literature earlier.
Chapter-1 of this dissertation presents a review of all the active elements especially current-mode basic building block which have introduced in between two or three decades .Chapter having comparison details with basic block and related equation.
Chapter-2 of this dissertation presents realization of some of the circuits presented earlier in the literature used in instrumentation and control for signal processing purpose. Chapter concentrates mainly on second generation current conveyor (CCII) , current differencing buffered amplifier (CDBA) and differential voltage current conveyor (DVCC). The theoretical formulations presented in this chapter verified by PSPICE simulation.
Chapter-3 of the dissertation presents the design and simulation of one of the proposed fully differential active building block namely current differencing current conveyor (CDCC) . In this chapter we design and simulate various current-mode fully differential application for analog signal processing for control and instrumentation, like current-mode fully-differential (CMFD) amplifier, CMFD lossy/lossless integrator, CMFD differentiator and CMFD KHN biquad universal filter with minimum active component. The theoretical formulations presented in this thesis verified by PSPICE simulation.
Chapter-4 of the dissertation presents the summary of the work done and also lists some of the future work which can be carried out in this area.
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CHAPTER - II
 CMOS IMPLEMENTATION OF SELECTED CURRENT MODE BUILDING BLOCKS AND THEIR APPLICATIONS
2.1 INTRODUCTION

 In the previous chapter a detailed review of some of the important works on Current Conveyors and few other contemporary active building blocks has been presented. In the present chapter CMOS implementation of few applications of some these building blocks has been presented.
The following building blocks and associated applications have been presented:
1. Current conveyor II (CCII).

2. Differential voltage current conveyor (DVCC).

3. Current differencing buffered amplifier (CDBA).

2.2 SECOND GENERATION CURRENT CONVEYOR (CCII) 
   The second generation current conveyor (CCII) was introduced by Sedra and Smith [1] and  is a versatile analogue component widely used as an elementary cell in application of signal processing and as a basic building block in universal active element. Basically an ideal CCII is a three terminal devices (X, Y, Z) composed of a voltage follower between X and Y and a positive (CCII+) or negative (CCII-) , current follower between X and Z. Basic building block and related equations are given in Fig 2.1. Various realizations of Current Conveyor have been presented in literature, some of the prominent have been by Sharif –Bhkatir and Aronnhine[2], Senani [3], Huertas [4], Fabre [5], Wilson [6].  
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Fig 2.1 CCII± and port relations


2.2.1 THE CMOS IMPLEMENTATION OF CC-II [7]
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FIG.2.2. Schematic circuit diagram of Translinear CCII(+)
Aspect ratio (W/L) and  PSPICE parameter for the transistors are given in table below:

Aspect Ratio:
	Transistor
	(W/L, (m/ (m)

	M1, M2
	50/0.5

	M3, M4
	100/0.5

	M5-M16
	3.33/0.5


Supply voltages and bias currents were taken as 
[image: image89.wmf]±

5V and 80 (A respectively.
Model parameter

	.MODEL NMOS1 NMOS (LEVEL=7 MOBMOD=1.000e+00 CAPMOD=2.000e+00 NLEV=0 NOIMOD=1.000e+00 K1=6.044e-01 K2=2.945e-03 K3=-1.72e+00 K3B=6.325e-01 NCH=2.310e+17 VTH0=4.655e-01 VOFF=-5.72e-02 DVT0=2.227e+01 DVT1=1.051e+00 DVT2=3.393e-03 KETA=-6.21e-04 PSCBE1=2.756e+08 PSCBE2=9.645e-06 DVT0W=0.000e+00 DVT1W=0.000e+00 DVT2W=0.000e+00 UA=1.000e-12 UB=1.723e-18 UC=5.756e-11 U0=4.035e+02 DSUB=5.000e-01 ETA0=3.085e-02 ETAB=-3.95e-02 NFACTOR=1.119e-01 EM=4.100e+07 PCLM=6.831e-01 PDIBLC1=1.076e-01 PDIBLC2=1.453e-03 DROUT=5.000e-01 A0=2.208e+00 A1=0.000e+00 A2=1.000e+00 PVAG=0.000e+00 VSAT=1.178e+05 AGS=2.490e-01 B0=-1.76e-08 B1=0.000e+00 DELTA=1.000e-02 PDIBLCB=2.583e-01 W0=1.184e-07 DLC=4.000e-09 DWB=0.000e+00 DWG=0.000e+00 LL=0.000e+00 LW=0.000e+00 LWL=0.000e+00 LLN=1.000e+00 LWN=1.000e+00 WL=0.000e+00 WW=0.000e+00 WWL=0.000e+00 WLN=1.000e+00 WWN=1.000e+00 AT=3.300e+04 UTE=-1.80e+00 KT1=-3.30e-01 KT2=2.200e-02 KT1L=0.000e+00 UA1=0.000e+00 UB1=0.000e+00 UC1=0.000e+00 PRT=0.000e+00 CGDO=1.120e-10 CGSO=1.120e-10 CGBO=1.100e-10 CGDL=1.350e-10 CGSL=1.350e-10 +CKAPPA=6.000e-01 CF=0.000e+00 ELM=5.000e+00 XPART=1.000e+00 CLC=1.000e-15 CLE=6.000e-01 RDSW=6.043e+02 CDSC=0.000e+00 CDSCB=0.000e+00 CDSCD=8.448e-05 PRWB=0.000e+00 PRWG=0.000e+00 CIT=1.000e-03 TOX=7.700e-09 NGATE=0.000e+00 NLX=1.918e-07 ALPHA0=0.000e+00 BETA0=3.000e+01 AF=1.400e+00 KF=2.810e-27 EF=1.000e+00 NOIA=1.000e+20 NOIB=5.000e+04 NOIC=-1.40e-12 LINT=-1.67e-08 WINT=2.676e-08 XJ=3.000e-07 RSH=8.200e+01 JS=2.000e-05 CJ=9.300e-04 CJSW=2.800e-10 CBD=0.000e+00 CBS=0.000e+00 IS=0.000e+00 MJ=3.100e-01 N=1.000e+00 MJSW=1.900e-01 PB=6.900e-01 TT=0.000e+00 PBSW=6.900e-01)

	.MODEL PMOS1 PMOS (LEVEL=7 MOBMOD=1.000e+00 CAPMOD=2.000e+00 NLEV=0 NOIMOD=1.000e+00 K1=5.675e-01 K2=-4.39e-02 K3=4.540e+00 K3B=-8.52e-01 NCH=1.032e+17 VTH0=-6.17e-01 VOFF=-1.13e-01 DVT0=1.482e+00 DVT1=3.884e-01 DVT2=-1.15e-02 KETA=-2.56e-02 PSCBE1=1.000e+09 PSCBE2=1.000e-08 DVT0W=0.000e+00 DVT1W=0.000e+00 DVT2W=0.000e+00 UA=2.120e-10 UB=8.290e-19 UC=-5.28e-11 U0=1.296e+02 DSUB=5.000e-01 ETA0=2.293e-01 ETAB=-3.92e-03 NFACTOR=8.237e-01 EM=4.100e+07 PCLM=2.979e+00 PDIBLC1=3.310e-02 PDIBLC2=1.000e-09 DROUT=5.000e-01 A0=1.423e+00 A1=0.000e+00 A2=1.000e+00 PVAG=0.000e+00 VSAT=2.000e+05 AGS=3.482e-01 B0=2.719e-07 B1=0.000e+00 DELTA=1.000e-02 PDIBLCB=-1.78e-02 W0=4.894e-08 DLC=4.000e-09 DWB=0.000e+00 DWG=0.000e+00 LL=0.000e+00 LW=0.000e+00 LWL=0.000e+00 LLN=1.000e+00 LWN=1.000e+00 WL=0.000e+00 WW=0.000e+00 WWL=0.000e+00 WLN=1.000e+00 WWN=1.000e+00 AT=3.300e+04 UTE=-1.35e+00 KT1=-5.70e-01 KT2=2.200e-02 KT1L=0.000e+00 UA1=0.000e+00 UB1=0.000e+00 UC1=0.000e+00 PRT=0.000e+00 CGDO=7.420e-11 CGSO=7.420e-11 CGBO=1.100e-10 CGDL=1.290e-10 CGSL=1.290e-10 +CKAPPA=6.000e-01 CF=0.000e+00 ELM=5.000e+00 XPART=1.000e+00 CLC=1.000e-15 CLE=6.000e-01 RDSW=1.853e+03 CDSC=6.994e-04 CDSCB=2.943e-04 CDSCD=1.970e-04 PRWB=0.000e+00 PRWG=0.000e+00 CIT=1.173e-04 TOX=7.700e-09 NGATE=0.000e+00 NLX=1.770e-07 ALPHA0=0.000e+00 BETA0=3.000e+01 AF=1.290e+00 KF=1.090e-27 EF=1.000e+00 NOIA=1.000e+20 NOIB=5.000e+04 NOIC=-1.40e-12 LINT=-8.14e-08 WINT=3.845e-08 XJ=3.000e-07 RSH=1.560e+02 JS=2.000e-05 CJ=1.420e-03 CJSW=3.800e-10 CBD=0.000e+00 CBS=0.000e+00 IS=0.000e+00 MJ=5.500e-01 N=1.000e+00 MJSW=3.900e-01 PB=1.020e+00 TT=0.000e+00 PBSW=1.020e+00)


2.2.2. SIMULATION RESULTS

2.2.2.1 CURRENT MODE AMPLIFIER USING CCII
Current mode amplifier using CCII shown in fig.2.3 the current-mode amplifier can be found as


[image: image90.wmf]2

1

R

R

I

I

IN

OUT

=


The gain of the amplifier can be adjusted by changing R1 and/or R2.
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Fig 2.3  CM Amplifire using CCII


The value of the component used are R1 =100K, 200K and 300K, and R2=100K to give a value of gain equal to 1, 2 and 3
And approximately bandwidth of the circuit is 50MHZ
The simulated output result are shown in fig.2.4
[image: image92.emf]            Frequency

10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

DB( I(VDC)/I(IIN))

-35

-30

-25

-20

-15

-10

-5

0

5

10


Fig 2.4 Frequency reponse of amplifier

The result closely matches with the theoretical value of amplitude
2.2.2.2 CURRENT MODE UNIVERSAL FILTER USING CCII

Current mode universal filter using CCII [8] shown in fig 2.5 and routine analysis of this circuit yields the following transfer function
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                 The natural frequency  
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 and gain A of all the filter is given by
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Fig 2.5 Current mode universal filter using CCII


The following values of components were selected to realize a current-mode universal filter using CCII with a cut-off frequency of f0=796 KHZ are R1=R3=1K, C1=100pF, and C2=400pF.
 The simulated output result are shown in fig.2.6
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Fig.2.6 Frequency response of current mode universal filter

The result closely matches with the theoretical value of frequency (796KHZ)
2.3 DIFFERENTIAL VOLTAGE CURRENT CONVEYOR 
The DVCC was first proposed by PAL as a modified current conveyor [9] and then developed and realized in CMOS technology by Elwan and Soliman [10].
The DVCC has the advantages of both of the second generation current conveyor (such as large signal bandwidth, great linearity, wide dynamic range) and the differential difference amplifier (DDA) (such as high input impedance and arithmetic operation capability). This element is a versatile building block for applications demanding floating input. The electrical symbol and related equations are given in Fig.2.7.
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Fig.2.7 Basic block of DVCC and related equation


2.3.1 THE CMOS IMPLEMENTATION OF DVCC[11]
	[image: image104.emf]
FIG. 2.8 The CMOS implementation of DVCC


The aspect ratios of the CMOS transistors of the DVCC are given in table below.  MIETEC 0.5μm CMOS process model used for simulation .Vdd=-Vss=2.5V
	Transistor
	W(μm)/l( μm)

	M1, M2, M3, M4
	0.8/0.5

	M5, M6
	4/0.5

	M9, M10
	14.4/0.5

	M7, M8, M13, M14, M15
	10/0.5

	M11, M12, M16, M17, M18
	45/0.5


.
2.3.2 SIMULATION RESULT
2.3.2.1 CURRENT MODE AMPLIFIER USING DVCC.

	[image: image105.emf]
FIG. 2.9 DVCC based basic current processing block [11]


If in fig.2.9 the admittances are Y1=1/R1 and Y2= 1/R2, the current-mode amplifier can be found as
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The gain of the amplifier can be adjusted by changing R1 and/or R2.

The  following values of components were selected to realize a current-mode amplifier using DVCC are R1 =10K, 20K and 40K, and R2=10K . 
And approximately bandwidth of the circuit is 1.46GHZ

The simulated output result are shown in fig.2.10
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FIG.2.10 Frequency response of current amplifier
The result closely matches with the theoretical value of amplitude
2.3.2.2 CURRENT MODE INTEGRATOR USING DVCC
If in fig.2.9. the admittances are Y1=sC1  and Y2=1/R2. The current-mode integrator can be achieved as
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2.3.2.3. DIFFERENTIATOR USING DVCC

If the admittances are Y1=1/R1 and Y2=sC2 the current-mode differentiator can be obtained as
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The following values of components were selected to realize a current-mode integrator using CCII are R1=1K and C2=.1µF. An triangular waveform given in the input which gives an square output confirms the application.  
The simulated output result are shown in fig.2.11

[image: image110]
FIG.2.11 Output of differentiator
2.3.2.4. SUMMER/SUBSTRUCTURE

 Differentiated input currents converted to voltages can be applied to the Y- terminals of the DVCC, which results in a current-mode summer/substructure circuit as shown in Fig.2.12. The output currents can be found as
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	[image: image112.emf]
FIG.2.12 DVCC based CM summer/substructure circuit [11]



The following values of components were selected to realize a current-mode summer/substructure circuit which are R1=R2 =R3=10K.
The simulated result are shown in fig.2.13

[image: image113]
FIG.2.13 Input and Output waveform of summer/substructure
Circuit.
The result closely matches with the theoretical value 
2.3.2.5. KHN-BIQUAD UNIVERSAL FILTER
Using the terminal relation between the Y- and X-terminal and after the current to voltage (I → V ) conversions, the CM KHN biquad can be implemented from  as shown in Fig. 3.12. It can be observed that the first stage is the summer and the second and third stages are the integrators circuit stages. The node analysis of the circuit of Fig. 2.14  yields the following current transfer functions:
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          The natural angular frequency 
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w

 and the quality factor Q of the filter can be expressed as
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	[image: image120.emf]
FIG.2.14 (a) The proposed CM KHN-biquad based on DVCC[11]
(b) Electronic resistor




The following values of components were selected to realize a current-mode KHN-biquad based on DVCC  with a cut-off frequency of f0=15.719 KHZ are R1=R2=R3=R4=10K and C1=C2=.001µF.
 The simulated output result are shown in fig.2.15
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FIG.2.15 Frequency response of current-mode KHN filter
using DVCC
The result closely matches with the theoretical value of frequency (15.719 KHZ)
2.4 CURRENT DIFFERENCING BUFFERED AMPLIFIER (CDBA)
      The current differencing buffered amplifier (CDBA) is a recently reported active component [12-19], especially suitable for class of analogue signal processing application. The fact that the device the device can operate in both voltage and current modes provides flexibility and enables a variety of circuit designs. The basic building block and related equations are given in Fig.2.16.
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Fig.2.16 basic block of CDBA and related equation


2.4.1 THE CMOS IMPLEMENTATION OF CDBA
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FIG.2.17. the CMOS Implementation [] Used In Simulation Studies
The aspect ratios of the CMOS transistors of the CDBA are given in table below.  MIETEC 0.5μm CMOS process model used for simulation .Bias current of Current Differencing input section are IB1=IB2=20Μa, while IB3=25μA. Vdd=-VSS=2, 5V.
	Transistor
	W(μm)/l( μm)

	M1-M10
	150/1

	M11, M12
	4/2

	M13, M14, M17, M18
	5/1

	M15, M16
	100/1

	M19
	20/1

	M20
	200/1


2.4.2 SIMULATION RESULT
2.4.2.1 NOTCH FILTER USING CDBA

                A current-mode second-order notch filter circuit [19] is given in fig.2.18. The current transfer function of the circuit is given as follows:


[image: image125.wmf]2

1

2

1

1

2

1

1

2

2

1

1

1

1

2

2

1

2

1

1

2

1

1

2

2

1

1

1

1

2

R

R

C

C

R

C

R

C

R

C

s

s

R

R

C

C

R

C

R

C

R

C

s

s

I

I

IN

OUT

+

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

+

÷

÷

ø

ö

ç

ç

è

æ

-

+

+

=


  Therefore matching condition for the realization of the second-order notch filter will be C1R1+C2R2=C2R1. The natural frequency, 
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and quality factor, Q for the filter can be expressed as;
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	[image: image129.emf]
FIG.2.18. Current Mode Second Order Notch Filter[19]



The following values of components were selected to realize a current-mode second order notch filter using CDBA with a center frequency fc=127KHZ are R1=50k, R2=25K, C1=25PF, And C2=50PF.
The simulated output result are shown in fig.2.19
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Fig.2.19  Frequency response of  notch filter using CDBA
The result  closely matches with the theoretical value of frequency (127KHZ )
2.5 CONCLUSION
  Various circuits for realizing analogue signal processing functions used in instrumentation and control using various active element (CCII, CDBA, DVCC) have been analyzed and they are simulated in PSPICE . 
                         2.6 REFRENCES

 [1] SEDRA, A.S., SMITH, K.C. A second generation current conveyor and its application. IEEE Trans., 1970, CT-17, p. 132-134.
[2] M.Sharif-Bakhtiar and P.Aronhime, “A Current Conveyor Realization using operational amplifier, Int.J.  Electronics, vol.45, no.3, pp.283-288, 1978.

[3] R.Senani, “Novel circuit implementation of current conveyor using an O.A. and an OTA,”, Electronics Letters, vol.16, pp.2-3, Jan.1980.

[4] J.L. Huertas, “Circuit Implementation of Current Conveyor”, Electronics Letters, vol.16, pp.225-226, 1980.
[5] A. Fabre, “Wideband Translinear Voltage/Current Conveyor”, Electronics Letters, vol.20, pp.241-242, march 1984.

[6] B.Wilson, “High-Performance Current Conveyor Implementation”, Electronics Letters, vol.20, pp.990-991, Nov.1984.

[7] Brunn, E., ‘CMOS high speed, precision current conveyor and current feedback amplifier structures’, Int. J. Electron, vol. 74, pp.93-100, 1993.
[8] Alain Fabre and Mustapha Alami, “ Universal current mode biquad implementation from two second generation current conveyor”, IEEE trans on C&S-I, July 1995, vol.42, no.7, pp.383-385.

[9] Pal K. “ Modified Current Conveyors and their application”, Microelectronics J 1989; 20:37-40.
[10] ELWAN, H.O., SOLIMAN, A.M. Novel CMOS differential voltage current conveyor and its applications. IEE Proceedings: Circuits, Devices and Systems, 1997, vol. 144, no. 3, p. 195–2007.

[11] Ibrahim, M.A., Minaei, S. and Kuntman, H., ‘A 22.5MHZ current mode KHN biquad using differential voltage current conveyor using grounded passive element’, AEUE, vol.59, no.5, pp.311-318, 2005.
[12] Ali Umit KEskin and Erhan Hancioglu, ‘ CDBA-Based synthetic floating inductance circuits with Electronic tuning properties’ , ETRI Journal, Vol.27, no.-2, april 2005

[13] C. Acar, and S. Ozoguz, "A new versatile building block: current  differencing buffered amplifier", Microelectronics Journal, vol.30, pp.157-160,

1999.
[15] W. Tangsrirat, W. Surakampontorn and N. Fujii, "Realization of Leapfrog filters using current differencing buffered amplifier", IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences,

vol.E86-A(2), pp.320-326., 2003.

[16] C. Acar, and H. Sedef, "Realization of nth-order current transfer function using current differencing buffered amplifiers", International Journal of Electronics, vol.90, pp.277-283, 2003.

[17] A. U. Keskin, "Cascade approach for the realization of high order voltage-mode filters using single CDBA-based first and second sections", Frequenz, Journal of Telecommunications, vol.58, pp.188-194, 2004.

[18] A. Toker, S. Ozoguz, and C. Acar, "Current-mode KHN-equivalent biquad using CDBAs", Electronics Letters, vol.35, pp.1682-1683, 1999.
[19] Cem CAKIR, Oguzhan CICEKOGLU, “Low voltage high performance CMOS Current Differencing Buffered Amplifier (CDBA), IEE-2008.

CHAPTER- III
STUDY OF FULLY DIFFERENTIAL CIRCUIT 

3.1. INTRODUCTION

 In the previous chapter we have presented the realization of some active building blocks in which the inputs/ outputs were single ended or ground referred. Fast scaling of CMOS technologies is reducing the total supply voltages therefore; a continuous loss of dynamic range on analog block is taking place. Fully differential signal processing is becoming a more used technique due to higher dynamic range and power supply rejection compared to signal ended counterparts. These parameters are especially relevant in low power circuit. The other inherent advantages of fully differential circuit include immunity from common-mode noise signals lower harmonic distortion. In the present chapter we first present a detailed review of various fully differential active building blocks available in the literature. After the review the realization of a recently proposed active building block namely current differencing current conveyor (CDCC) and its application in instrumentation has been presented. 

In 1987, Sackinger and Guggenbuhl [1] introduce a new active building block termed as the differential difference amplifier (DDA).this differential active building block was used to implement a number of voltage-mode circuits like instrumentation amplifier, inverting buffers, comparators and a voltage-controlled current source. Through the DDA element was designed to take differential-inputs, the output available from the block was ground referred.

The next important contribution in the development of fully-differential active building block was the introduction of Differential Difference Current Conveyor (DDCC) in 1996 by Chin, Liu, Tsao and Chen [2] . They presented a CMOS version of DDCC It should be noted that the DDCC is a circuit similar to a DDA at the input side and a CCII at the output side. Consequently, one is able to design DDCC-based circuits which combine the properties of DDAs, such as high input impedance, low output impedance and low component count, with the higher usable gain, accuracy and bandwidth of the CCII. The DDCC-based frequency-selective circuits and nonlinear building blocks such as multiplier, squarer and square rooter are developed.

	[image: image131.emf]
Fig. 3.1(a)The DDCC symbol
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Fig. 3.1(b)V-I relationship

	[image: image133.emf]
Fig. 3.1(c)An exemplary differential Integrator
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Fig. 3.1(d)An exemplary CM biquad filter


In the same year 1996,Walker and Green [3] proposed the use of fully differential transconductor to design fully-differential voltage-mode filters. In their work transconductor blocks in which no extra common-mode feedback circuitry was required.
In 1997,Elwan and soliman [4] introduce differential voltage current conveyor circuits (DVCC) and presented two CMOS realization for the same. This ABB had differential –voltage inputs at y terminals and two complimentary outputs at Z terminal. Using DVCC they proposed a MOS transconductance and a MOSFET-C filter in current mode.
Szczepanski, Jakusz and Schaumann [5] in 1997 presented a fully-balanced CMOS OTA structure for VHF application. The proposed CMOS OTA was shown to be highly linear and was used to design fully-differential voltage –mode and current-mode ladder filters.
In 1998, Mahmoud and Soliman [6] introduced a fully-differential active building block which they named as ‘differential difference operational Floating Amplifier (DDOFA).  The DDOFA is a new block useful for continuous-time analog signal processing. The DDOFA is realized using a differential difference transconductor with large signal handling capability and a single input differential output current op-amp. The DDOFA forces two differential voltages to the same value and provides two balanced output currents. This brief presents a CMOS realization of the DDOFA, and some of its applications are provided, such as a voltage-to-current converter, MOS-grounded and floating resistors, a MOS multiplier/divider cell, a differential integrator, a continuous time MOS-C filter, a MOS-C current oscillator, and a MOS-C floating inductor. 
	[image: image135.emf]
Fig. 3.2(a)DDOFA symbol
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Fig. 3.2(b)Port relations
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Fig. 3.2(c)V-I converter
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Fig. 3.2(d)Grounded resistor

	[image: image139.emf]
Fig. 3.2(e)Non inverting integrator
	[image: image140.emf]
Fig. 3.2(f)Lossy current integrator

	[image: image141.emf]
Fig. 3.2 (g) MOC-C continous time filter


In 2000,Ei-Adway, Soliman and Elwan [7] , presented a CMOS realization of a fully differential current conveyor (FDCCII).  Applications of the proposed block, such as a differential input balanced output transconductors; a four- quadrant multiplier, universal differential MOSFET-C second-order filters, and a fully differential RC second-order filter have been presented. The proposed block is also useful in mixed-mode applications where fully differential signal

processing is required.
	[image: image142.emf]
Fig. 3.3(a)Symbol
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Fig. 3.3(b)Port relation

	[image: image144.emf]
Fig. 3.3(c)VM fully-differential filter


Al-Zaher and Ismail [8] in 2001, proposed a CMOS, fully-balanced differential difference amplifier. This device did not suffer from the limited input differential range problem associated with single ended DDA. This paper  presents the fully balanced version of the differential difference amplifier (DDA) as an essential building block for implementing fully differential architectures of analog CMOS integrated circuits (ICs).We demonstrate that the fully balanced differential difference amplifier (FBDDA) provides the solution for systematically developing fully differential versions of any single-ended op-amp based circuit. We also show that, unlike the DDA, the FBDDA exhibits a wide input range without demanding complex circuitry. 
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Fig. 3.4(a) DDA Symbol
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Fig. 3.4(b)Port relations

	[image: image147.emf]
Fig. 3.4(c)Fully balanced buffer
	[image: image148.emf]
Fig. 3.4(d)Fully differential amplifier

	[image: image149.emf]
Fig. 3.4(e)Fully differential state-variable filter


Al-Zaher and Ismail [9] in 2002, presented a CMOS realization of a fully balanced four terminal Floating-Nuller (FBFTN).  This contribution extends the use of FTFN based circuits from discrete to integrated circuit applications. Design examples including amplifiers and frequency selective circuits are given. Fully balanced versions of the four basic amplifier types, namely, voltage amplifier, current amplifier, transconductance amplifier and transresistance amplifier are successfully implemented using the proposed FBFTFN. Also, we showed that the FBFTFN provides the solution for systematically developing fully balanced versions of any single-ended op-amp based circuit. New universal fully balanced current and voltage-mode second order filter suitable for integrated circuit applications have been presented. A

novel sinusoidal oscillator providing two current-mode output signals with controllable phase shifts is also described.
	[image: image150.emf]
Fig. 3.5(a)FBTFN Symbol
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Fig. 3.5(b)Port relation



	[image: image152.emf]
Fig. 3.5(c)FBFTFN-based fully differential CM universal filter


In 2003 Change, Al-Hashimi, Wang and Huang [10]  present two new filter biquads based on the recently introduced fully differential current conveyor (FDCCII). The biquads use a single FDCCII, two grounded resistors and two grounded capacitors, which are the minimum components necessary to realise a secondorder filtering response (low-pass, high-pass, band-pass, band-reject, and all-pass). This is unlike biquads reported by El-Adawy et al. (2000), which employ more active and passive components. 

In 2004, Ibrahim, Minaei and Kuntman [11], A current-mode (CM) Kerwin–Huelsman–Newcomb (KHN) biquad is proposed. The circuit employs three Differential -voltage current conveyors (DVCCs) as active elements together with two capacitors and four resistors as passive elements, which all are grounded. The circuit simultaneously provides the three basic filter functions, namely bandpass (BP), highpass (HP) and lowpass (LP) functions. The notch and allpass (AP) functions can be obtained by connecting appropriate output currents directly without using additional active elements. The output signals are obtained at high output impedance ports, which is important for easy cascading in CM operation. Also the proposed filter exhibits low passive and active sensitivities. The filter is designed for operation at 22.5MHz.
Souliotis and Haritantis [12] introduced  the concept of wave port  terminators to design wide-band current mode filters in fully-differential mode in 2005.The wave filters simulate topologically the passive prototypes by properly replacing the inductor and capacitors by their wave-equivalent active sub networks.

In 2005, Hayati and Kumar [13] presented a set of fully-differential BP, LP and HP filters based on the DDA element. It is interesting to note that the DDA is a circuit element similar to the OTA at the input side and to the op-amp at the output side. Consequently, one is able to design DDA-based circuits which combine the properties of OTA’s, especially high input impedance and low output impedance and low distortion of op-amps.
In the same year Mahmoud and Awad [14] presented a fully-differential version of a CMOS current feedback operational amplifier (FDCFOA). The proposed CMOS realization of the FDCFOA is based on a novel class AB fully differential buffer circuit. Besides the proposed FDCFOA circuit is operating at supply voltages of f 1.5 V, it has a total standby current of 400pA. The applications of the FDCFOA to realize variable gain amplifier, fully differential integrator, and fourth order fully differential maximally flat low pass filter are given. The fourth order filter provides 8dB gain and a bandwidth of 4.3MHz to accommodate the wideband CDMA standard. 

	[image: image153.emf]
Fig. 3.6 (a)FDCFOA Symbol
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Fig. 3.6(b)port relation

	[image: image155.emf]
Fig. 3.6 (c) An exemplary voltage mode fully differential filter using FDCFOA


In the same year Ibrahim, Kuntman and Cicecoglu [15] presented two single differential difference current conveyor (DDCC) biquad in voltage-mode. Both the circuits contained a minimum number of passive components. In both the circuits, only single ended outputs were available in the single ended form.
In 2005, Yusuf and soliman [16] proposed a differential-input balanced-output CMOS current operational amplifier, operating with a ±1.5 V supply voltage. The architecture of the COA was based on utilizing current inverters to provide a very low input resistance. The output resistance of the current inverter was used to achieve the very high differential gain required and to convert the input currents into two differential voltages at the same time. The proposed circuit was compared to previous realizations and showed better performance mainly in the value of the input resistance, input offset current, bandwidth, and dissipating moderate power. The differential input balanced output COA was employed in some of the applications traditionally designed using fully differential VOAs. Some of these applications were presented such as: current amplifiers, integrators. Furthermore, a new integrator was proposed suitable for MOSFET-C filters designed without using resistors. After that a current-mode differential input balanced output continuous time LPF/BPF was presented based on a two-integrator loop. It was also proved that Full non-linearity cancellation in MOS transistors is possible using the COA. This was utilized to design an accurate current-mode amplifier in which the gain was set by the ratio of the transistor dimensions. The COA was then used to design a fully balanced current-mode digitally controlled VGA using the CDN for precise digital trimming.
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Fig 3.7(a)  Symbol and port relation of COA
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Fig 3.7 (b)  An exemplary current-mode lowpas filter


From the above review it appears that the design of fully-differential filter is still in the process of evolution. Different types of active building blocks are continuously being evolved. Some of the fully-differential active building blocks are being used to develop single ended circuits only whereas others are being used to develop fully-differential circuits. Thus the state of the art of fully-differential filters is far from being matured and there is ample scope for new ideas and developments.
3.2. CURRENT MODE FULLY-DIFFERENTIAL CURRENT DIFFERENCING CURRENT CONVEYOR (CDCC)  
The CDCC (Current Differencing Current Conveyor) [17] has been proposed as a generalization of the CDeTA. The basic idea starts from the observation that OTA can be implemented by the 2nd-generation current conveyor and one resistor. The admittance of a two-pole connected between the x terminal of the CCII and the ground serves as the generalized transconductance. In this case, the operations of the CDCC and the CdeTA are similar. However, CDCC is more universal because of its “i” terminal, which can be used as an additional current input. Circuit diagram and related equation is given in fig.3.8
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             Fig.3.8 Basic CDCC block and port relation


The CDeTA (Current Differencing external Transconductance Amplifier) is based on the CDTA, but now the transconductance of the internal OTA is defined by an external two-terminal circuit. The CdeTA is inspired by commercial OTA MAX435 [18], which works on a similar principle. Considering the external two-pole impedance Ze and the impedance Zz, connected between the z terminal and the ground, the circuit current gain will be given by the ratio Zz/Ze. CdeTA can be used, for example, for the synthesis of generalized immitance converters or atypical filters, when the two-pole Ze can be a SMD-type coil, X-tal, etc. Replacing Ze by short connection and Zz by open connection yields the TCOA (True-Current Operational Amplifier).

Circuit diagram of CDeTA and related equations are given in fig.3.9
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Fig3.9 Symbol and port relation of CDeTA


In this part of the chapter we design and simulate various signal processing application like current mode fully differential amplifier, current mode fully differentia lossy and lossless integrator, current mode fully differential differentiator and current mode fully differential KHN biquad universal filter using CDCC.  SPICE simulation results are given to verify the theoretical analysis
3.3 CCII IMPLEMENTATION OF CDCC
To implement CDCC we have taken three CCII presented in chapter2. The proposed implementation is shown in Fig.3.10   where the two input currents are sensed using two current conveyors. With all the Y terminals grounded the input impedance is very low. The two currents are subtracted at one of the input nodes and the corresponding current conveyor conveys the current difference to the Z terminal. 
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Fig3. 10 CCII implementation of CDCC


3.4 SIMULATION RESULTS
   The CDCC has been implemented using Translinear Current Conveyor described in [19]. The CDCC has been used to design the following signal processing blocks.

1. Fully differential current –mode amplifier

2. Fully differential current –mode lossless integrator
3. Fully differential current –mode lossy integrator
4. Fully differential current –mode universal filter
3.4.1 CURRENT-MODE FULLY DIFFERENTIAL AMPLIFIER USING CDCC
 The proposed  amplifier uses two grounded resistors and is shown below in Fig 3.11. The   gain of the amplifier is given below as          
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Fig.3.11 Current mode  fully-differential
amplifier


The following values of components were selected to realize a gain of 1, 2, 3 and 4:

R1=25K, 50K, 75K , 100K and R2=50K,  with  given input Iin = 5(A (P-P). The transient response measured in PSPICE for all the four cases are given below in Fig. 3.12a-d. The measured value of gain is (0.986, 1.96, 2.904, 3.864) 
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Fig.3.12 (a) Input and Output waveforms with gain =1
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Fig.3.12 (b) Input and Output waveforms with gain =2
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Fig.3.12 (c) Input and Output waveforms with gain =3
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                                   Fig.3.12 (d) Input and Output waveforms with gain =4

Frequency response is shown in fig.3.12(e)
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                   Fig.3.12 (e) Frequency response of amplifier
3.4.2 CURRENT-MODE FULLY DIFFERENTIAL LOSSLESS INTEGRATOR USING CDCC
Current-mode fully differential lossy integrator using CDCC given in fig.3.13
The input output current relation is given below-
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Fig.3.13 Current-mode fully-differential lossless
Integrator


The following values of components were selected to realize a current-mode fully-differential lossless integrator are R=150K and C=.001UF.
The simulated result are shown in fig.3.14
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Fig.3.14  Input Output waveform of  lossless integrator
3.4.3 CURRENT-MODE FULLY DIFFERENTIAL LOSSY INTEGRATOR USING CDCC

Current-mode fully differential lossless integrator using CDCC given in fig.3.15
The input output current relation is given below-
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              Fig3.15 Current mode fully differential
lossy integrator


The  following values of components were selected to realize a current-mode fully-differential lossless integrator are R=150K and  C=.001UF.
The simulated result are shown in fig.3.16
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Fig.3.16 (a) Input output waveforms for lossy integrator
(b)Frequency response of lossy integrator

3.4.4 CURRENT-MODE FULLY DIFFERENTIAL KHN BIQUAD UNIVERSAL FILTER USING CDCC
Current-mode fully-differential KHN biquad filter using CDCC requires four CDCC blocks , first two having two outputs (two X-) and last two having six  (Three X+ and Three X- ) output current  terminals. First two CDCC block attached in the circuit only for producing two IHP output, last two blocks are actual processing block 
                                        Last two CDCC blocks are lossy integrator connected in series. The circuit simultaneously provides the three basic filter functions, namely bandpass (BP), highpass (HP) and lowpass (LP) functions. The notch and allpass (AP) functions can be obtained by connecting  appropriate output currents directly without using additional active elements. The output signals are obtained at high output impedance ports, which is important for easy cascading in CM operation. 
Current-mode fully differential  universal filter using CDCC is given in fig.3.17 Various filter transfer functions are given below
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Fig.3.17 Current mode fully differential KHN filter


      The natural frequency, ωo and quality factor, Q for the filter can be expressed as;
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The following values of components were selected to realize a current-mode fully-differential KHN biquad filter with a cut-off frequency of f0= 100KHZ and The value of the component used are R1=R2=150KΩ, and C1=C2=.00002µF.
The simulated result are shown in fig.3.18 (a) and (b)
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Fig.3.18(a)  Frequency response of fully-differential current mode universal filter
The result  closely matches with the theoretical value of frequency (100kHz).
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Fig 3.18(b) Transient response of band-pass filter with 100KHZ
3.5 CONCLUSION
The newly proposed active element Current Differencing Current Conveyor (CDCC) is ideal for current mode fully differential functional circuits. In this work, A CMFD (current mode fully differential) Amplifier, CMFD lossy/lossless Integrator, CMFD differentiator and CMFD KHN-biquad circuit has been presented. The Amplifier frequency response shows it has constant Bandwidth with variable gain. The filter employs four CDCCs, two capacitors and two resistors. All the passive elements are grounded, which is important in integrated circuit implementation. The filter provides the basic three filter functions (BP, HP and LP) simultaneously. The notch and allpass functions can be obtained by connecting appropriate output currents directly without using additional active elements. All the outputs are taken from high output impedances, which is important for cascade connections. Also the proposed filter exhibits low passive and active sensitivities. The simulation results agree quite well with the theoretical analysis.
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CHAPTER IV

CONCLUSION

4.1 INTRODUCTION
In the present dissertation some studies have been carried out on CMOS/Bipolar building blocks for instrumentation application.

In the first chapter general introductions and description of various types of current-mode active building blocks such as Current Conveyor and their derivatives, OP-AMPs,  hybrid OP-AMPs, FTFN and other active building blocks has been presented.
In the second chapter  few sample realizations of various types of signal processing circuits such as current-mode amplifiers, integrators, differentiators and biquad filters in CMOS technology using the following types of active building blocks have been presented (i) second generation Current Conveyor (ii) Differential voltage current conveyor(iii) current differencing buffered amplifier.

In the third chapter a detailed review of various types of fully-differential active building blocks such as differential difference amplifier, fully differential current conveyor, full balanced four terminal floating nullor, differential difference current conveyor etc. has been presented.  A  newly introduced building block namely Current Differencing Current Conveyor which has been introduced very recently has been used to realize various fully-differential signal processing circuits such as fully-differential  current-mode amplifier, fully-differential current-mode integrator and fully-differential biquad filter. This fully differential filter requires minimum passive components (all of which are grounded).

4.2 SCOPE FOR FURTHER WORK

In the present work the emphasis was on realization of fully-differential current-mode building blocks and associated applications. Lot of research activity is currently under way in the direction of development of fully-differential active building blocks. Several directions in which the present work can be extended have been given in reference 1 of chapter -1. Some of them are given below

(i) good CMOS implementations of basic current conveyor cells

(ii) better methods of electronic controllability of relevant parameter of  application circuits.

(iii) Minimization of passive components required for a given signal processing applications.
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