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Abstract

Field programmable analog arrays (FPAAs) provide a method for rapidly prototyping analog systems. Analog
systems like filters and amplifiers are needed in every digital IC. Although digital signal processing (DSP)
algorithms are more developed and can handle complex processing tasks then analog signal processing (ASP).
ASP has its advantages in terms of higher bandwidth, low power dissipation and less area consumed. In this
paper we have designed a Dual output current controlled current conveyor (DOCCCII) in 0.18um CMOS
technology using PTM (High Performance 16nm Metal Gate / High-K / Strained-Si parameter) and discussed
its ac characteristic. A configurable analog block (CAB) is proposed for FPAA implementation which mainly
consists of the DOCCCII readily configurable to realize several analog applications like integrators, 1st and
2nd order filters, oscillators, and amplifiers etc.
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I. INTRODUCTION

Digital systems are dominating the market for VLSI applications; analog design still maintains its
position by interfacing digital systems with the real world. Every digital IC has an analog circuitry for
preprocessing of signals and interfacing. There are certain applications that can be realized only in analog
domain like filters, amplifiers, oscillators, etc. Designing analog circuits is multidimensional problem where a
number of tradeoffs need to be considered. FPAA is needed which facilitates rapid prototyping of analog
circuits. In many imminent literatures FPAA based on current mode devices including current feedback
operational amplifier (CFOA), second generation current conveyor (CCII) and its variants has been proposed [1-
20]. This work can be considered significant on the basis of various design matrices like high frequency, low
power and low voltage [3-5] etc. Among different current mode circuits, current conveyor (CC) attains greater
importance due to its versatility in applications in low voltage low power VLSI. A CC offers both low
impedance input and high impedance input nodes simultaneously along with a voltage virtual short amongthe
various input nodes like a conventional OPAMP [9, 10]. It exhibits improved slew rate, very high gain
bandwidth product, larger dynamic range, greater linearity, small chip area, low power consumption [11-16] and
Current controlled current conveyor (CCC) is another version, which exhibits a considerable resistance at the
low impedance or current input (node X).. A practical CC is deviation from ideal behavior, known as non-
idealities [17,18]. Some of these non-idealities play important roles, e.g. the parasitic resistance at the low
impedance node (Ry) leads to define a CCC. Likewise, other non-idealities also sometimes exhibit similar
favorable effects [17]. Current negation and current duplication is very easy to obtain in case of a CCC, leading
to DOCCC, MOCCC etc. 2" generation is generally preferred, therefore CCCII, DOCCCII etc. are readily seen
in literature. Here in this paper, we have designedone configurable analog blocks (CAB) using the
translineardual output current controlled current conveyor (DOCCCII), realized in 180nm bulk CMOS
Technology using the PTM [21] CMOS model parameters.

Il. DUAL OUTPUT CURRENT CONTROLLED CURRENT CONVEYOR (DOCCCII)

The dual output current controlled current conveyor (DOCCCII) has parasitic resistance Ry at the
current input node and is tunable by the biasing current Ig [15,17]. A DOCCCII provides a current signal and its
quadrature signal simultaneously. The equivalent circuit symbol and the principal equation of DOCCCII are
given in Figure 1 and equation 1 respectively.
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Figure 1: Block diagram of DOCCCII
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The CMOS implementation of a class AB DOCCCII is presented in Figure 2. The circuit consists of a
translinear loop consisting of transistors M1 — M4. Two MOS current mirrors (M5 — M6 and M7 — M8) are used
to bias the translinear loop with bias current Ig the input cell presents a high input impedance at input port Y and
a low input impedance at input port X. This cell acts as voltage follower. The current at node X is copied to
output nodes Z+ and Z—. Currents 1d18 and Id14are cross-coupled through transistors M14, M15, M18 and M19
to generate negative current at Z- node. Details are shown in circuit below.
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Figure 2:CMOS Implementation of DOCCCII

I11. DOCCCII BASED CAB

A configurable analog block (CAB) is a block which can realize an application configurable in user
domain. In the present work a pair of CAB’s is proposed which can accommodate a larger application spectrum,
particularly, the quadratic or biquadratic applications, including various analog filters and sinusoidal oscillators.
The presented CAB contains aDOCCCII, a conjoin of capacitor and resistor at node Y, a capacitor at node Z-
and X and switches S1 — S7. ThisCABIs presented in Figure 3. In order to include the required capacitors and
resistor respective NMOS switches associated with them are closed to configure the CAB for a given
application. A number of these CABs can be used to construct FPAA and connected together through the
switching matrix to realize variety of different applications. The switch is no more ideal but is a jargon of large
number of non-idealities like offset voltages and currents and various parasitic resistances, inductance and a
large number of capacitances. Some of them are important in consideration with FPAA scheme as their effects
are dominant. Therefore, consideration is that their effects do not alter the circuit performance altogether. Here
in this work, we try to swamp the switch dominance over the application. For this purpose, an estimate is made
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for the total effect of various capacitances connected to a node and is assumed as a lumped model of the total
capacitance at the node (e.g., CsroTaL), also suggested byHSPICE. Besides this, channel resistance is also
considered in our model. This model is affected by adjusting the external capacitance values and the switch
aspect.
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Figure 3:Configurable analog blocks

IV. RESULT AND DISCUSSION
The performance of the DOCCCII and the CAB based on it is verified by performing H-spice
simulations using 0.18um CMOS technology. The working of the proposed CABmodel is demonstrated by
running an application with the original circuit and then the same application is realized by using the proposed
CAB. The applications realized include second-order band-pass and notch pass filter from the already published
work. In figure 4(a) a filter structure given in [22] is realized using the designed CAB.To include the required
components on to various nodes their respective switches are closed namely (S2,5S3,5S5,56,5S7). The figure
shows the original circuit of [22] without switches. To study the performance of the CAB based design both the
original circuit and the circuit realized using the CAB are simulated. The figure 5 and figure 6 confirms the

performance of the CAB based circuit is nearly same as the original circuit.
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Figure 4(a) and 4(b): Realization of filter using CAB and without CAB
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Figure 5:
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Simulation response of notch pass filter using figure 4(a) and figure 4(b)
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Figure 6: Simulation response of band pass filter using figure 4(a) and figure 4(b)
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V. CONCLUSION
A new design for configurable analog block based on DOCCCII for high frequency applications is

proposed. Using this CAB together with programmable interconnect FPAA can be constructed which will
efficiently realize a number of 2nd order filter topologies, oscillators and amplifiers.
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