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Abstract

This paper explores the design, working principles, and applications of a Full-Wave Precision Rectifier implemented using an
Operational Amplifier (Op-Amp). Precision rectifiers overcome the limitations of conventional diode-based rectifiers by eliminating
the diode voltage drop, allowing for accurate rectification of low-amplitude signals. The study investigates the circuit behavior through
theoretical analysis and practical simulation using eSim software. A full-wave precision rectifier is constructed using an op-amp along
with diodes and resistors in a feedback configuration to achieve efficient rectification. The transient response of the circuit is analyzed,
showcasing its ability to convert an AC input into a full-wave rectified output. The results confirm that the precision rectifier
effectively rectifies both positive and negative halves of the input signal, making it highly suitable for signal processing,
instrumentation, and communication applications. The study highlights the advantages of op-amp-based rectification techniques and
their practical implementation using modern simulation tools for enhanced circuit analysis and design.
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. INTRODUCTION

A Full-Wave Precision Rectifier circuit using an operational amplifier (op-amp) is designed to rectify both positive and negative
halves of an input AC signal with high accuracy. Unlike diode-based rectifiers, it eliminates the forward voltage drop issue,
allowing rectification of low-amplitude signals. The circuit typically consists of an op-amp-based precision half-wave rectifier
followed by a summing amplifier to achieve full-wave rectification. This design is widely used in signal processing,
instrumentation, and precision measurement applications..

. PURPOSE OF FULL-WAVE PRECISION RECTIFIER CIRCUIT

The purpose of a Full-Wave Precision Rectifier circuit using an op-amp is to accurately rectify AC signals, even at low voltage
levels, without the voltage drop limitations of conventional diode rectifiers. Specifically:

Accurate Signal Rectification: The circuit ensures precise full-wave rectification, making it ideal for processing weak AC signals
that traditional diode rectifiers cannot efficiently rectify.

Improved Sensitivity: By using op-amps, the circuit can rectify signals with very low amplitudes, overcoming the forward voltage
drop of diodes, which is crucial in precision measurement applications.

Signal Processing Applications: This circuit is widely used in instrumentation, demodulation of signals, and audio processing,
where accurate AC-to-DC conversion is required for further signal analysis.

WORKING PRINCIPLE

A Full-Wave Precision Rectifier circuit using an operational amplifier (op-amp) is designed to rectify both the positive and negative
halves of an AC signal with high accuracy, overcoming the limitations of conventional diode rectifiers that suffer from forward
voltage drops. The circuit operates in two main stages: first, a precision half-wave rectifier processes either the positive or negative
half-cycle of the input signal using an op-amp and diode combination. Then, a summing amplifier stage inverts and combines the
rectified output to generate a fully rectified signal. The use of an op-amp enhances the circuit’s ability to handle low-amplitude
signals without significant losses, ensuring precision in rectification. The circuit works on the principle of feedback and
amplification, where the op-amp actively compensates for diode voltage drops, making it highly effective for applications requiring
accurate AC-to-DC conversion. This design is widely used in instrumentation, signal processing, demodulation circuits.



IV. CIRCUIT DIAGRAM
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Fig. 1: Full Wave Precision Rectifier Circuit with sample output waveform

The circuit diagram of a Full-Wave Precision Rectifier using an operational amplifier consists of two op-amp stages working
together to rectify both halves of an AC input signal. The first op-amp is configured as a precision half-wave rectifier, utilizing
diodes and resistors to ensure accurate rectification of the input signal while eliminating the forward voltage drop issue of
conventional diodes. The second op-amp stage functions as a summing and inverting amplifier, combining and inverting the rectified
signal to achieve full-wave rectification. This regenerative feedback design allows for precise AC-to-DC conversion, making the
circuit suitable for signal processing, instrumentation, and measurement applications.

V. PROPOSED SYSTEM

The proposed system introduces a Full-Wave Precision Rectifier circuit implemented using eSim software. This circuit is designed
to accurately rectify both halves of an AC signal, overcoming the limitations of conventional diode rectifiers. By utilizing
operational amplifiers and diodes, the system ensures precise AC-to-DC conversion, making it suitable for signal processing and
instrumentation applications. The rectifier circuit plays a crucial role in extracting DC components from AC signals while
maintaining high accuracy and efficiency. Through eSim simulation, we analyze its performance and validate its effectiveness in
real-world applications.
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Fig. 2: Full Wave Precision Rectifier Circuit in eSim

Figure 2 The circuit diagram presents a Full-Wave Precision Rectifier designed and simulated in the eSim software environment.
Key components include an operational amplifier, diodes, and precision resistors. The first op-amp stage is configured as a half-
wave rectifier, using diodes to rectify one half of the input AC signal with minimal voltage loss. The second stage, an inverting
summing amplifier, processes the rectified signal to generate a complete full-wave rectified output. This configuration ensures high
accuracy in AC-to-DC conversion, making the circuit suitable for signal processing, instrumentation, and measurement applications.
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Fig. 3: Output Waveform Full Wave Precision Rectifier Circuit in Esim

Figure 3 The graph showcases the output waveform of the Full-Wave Precision Rectifier circuit simulated using eSim software. The
plotted green waveform represents the rectified output voltage over time. As observed, the output maintains a fully rectified signal,
where both the positive and negative halves of the input AC waveform are converted into a unidirectional waveform. This confirms
the circuit's effective full-wave rectification, ensuring accurate AC-to-DC conversion with minimal signal distortion. The precise
rectification performance makes this circuit ideal for signal processing, instrumentation, and measurement applications.

VI. CONCLUSION

In this study, we explored the design and simulation of a Full-Wave Precision Rectifier circuit using eSim. The circuit effectively
rectifies both halves of an AC input signal using operational amplifiers and diodes, eliminating the voltage drop limitations of
conventional rectifiers. Through simulation, we analyzed the circuit’s functionality and confirmed its ability to provide accurate
AC-to-DC conversion. Using eSim for the design and analysis allowed for an interactive and intuitive understanding of the
rectifier's performance in both time and frequency domains. The simulation results validate the circuit’s reliability, making it
suitable for applications in signal processing, instrumentation, and measurement systems.
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