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Abstract

In this paper the analysis and design of an operational amplifier is presented. This amplifier can follow the input signal from ground to supply voltage
at its input and output. Based on the level of the input common mode voltage, one of two pMOS and nMOS differential pairs are selected to amplify
the input signal. This causes the amplifier performance is independent of the drain current relationship of the input differential pairs transistors. Both
static and dynamic currents of the class AB output stage are provided by two translinear loops with minimum sensitivity to process, temperature and
supply voltage variations. The simulation results, in a 0.18 um CMOS technology, show that the amplifier in nominal condition, has about 80 dB dc
voltage gain, 51 MHz unity gain bandwidth and 63° phase margin while its static power consumption is almost 1 mW. For input common mode voltage
changes between ground to the supply voltage, the maximum relative variations of the input differential pairs transconductances, amplifier’s dc voltage
gain, phase margin and unity gain bandwidth are 0.63%, 0.80%, 1.48% and 0.33%, respectively. This amplifier as a buffer can drive a load consisting
of parallel connection of a resistor 400(2 and a capacitor 20 pF.
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1- introduction

Operational amplifier with the capability of having input rail to rail swing is a necessity in recent sub-micron analog CMOS circuits. The usual method
to meet this requirement is using two parallel nMOS and pMOS differtial pairs to cover the whole input common mode voltage range [1-2]. Rather
large variation of transconductanes (gm) of the input pairs with common mode voltage and its dependency on the drain current relationships are two
main drawbacks of this method. Since variation of gm can affect the opamp frequency response parameters, different ideas have been inroduced to
achieve a constant gm for the input differential pairs in such a way that it is independent of operating region or current relationship of the input
differential pairs devices [3].

2- Proposed Work and Methodology

In the proposed rail to rail opamp instead of employing two parallel differential pairs as used in conventional methods, based on the input common
mode voltage level one of pMOS or nMOS differential pair is selected to amplify the input signal. The switching action between two differntial pairs
induces a spike with certain small amplitude on the output voltage that can lead to severe degradation of total harmonic distortion for low level output
voltage. Therefore, a schmitt trigger circuit with wide enough hysteresis loop has been used to mitigate this problem. A comprehensive analysis is also
presented to achieve some analytical relationships which are useful to reach a near optimum design in terms of proper phase margin and bandwidth
with low power consumption. Because of using two individual differential pairs the total input transconductace of the opamp is independent of the
devices drain currents reationships. Variations of the input differntial pairs transconuctances, dc voltage gain and unity gain bandwidth of the designed
opamp all are less than one percent while the total static power consumption is about 1 mW.

3- Conclusion

In this paper the design and analysis of an operational amplifier with the capability of rail to rail voltage changes at its input and output was presented.
The drain current relationship of the input transistors corresponding to subthreshold or saturation regions and short channel effects have no influence
on determing the total input stage transconductance. A class-AB CMOS amplifier was used as the output stage in which the bias and load currents
have been provided by two translinear loops. By writing and solving the related equations for the ac equivalent circuit, the analytical relations for dc
voltage gain and poles and zeros locations were obtained. These relations can be used to design an amplifier with proper phase margin and bandwidth
and low power consumption.
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