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ABSTRACT 

This research presents a novel design and implementation of a low-power CMOS operational 

transconductance amplifier (OTA) with a focus on enhancing its common-mode rejection 

ratio (CMRR). OTAs are critical components in various analog and mixed-signal integrated 

circuits, such as amplifiers and filters, and their performance directly affects the overall 

system's efficiency and accuracy. In this work, the proposed OTA architecture utilizes 

advanced CMOS technology to achieve low power consumption while simultaneously 

improving the CMRR, which is essential for rejecting common-mode noise in the input 

signals.The design features a combination of innovative circuit techniques and topology 

optimizations that reduce power consumption significantly compared to conventional 

OTAs.Simultaneously, a rigorous analysis of CMRR limitations and challenges is undertaken 

to address issues such as transistor mismatch and other non-idealities that can compromise 

CMRR performance. By implementing techniques to mitigate these challenges, the CMRR of 

the OTA is substantially enhanced, thereby improving the overall signal fidelity and reducing 

the susceptibility to common-mode interference.The proposed low-power CMOS OTA is 

expected to find applications in battery-powered and energy-efficient systems, such as 

portable electronic devices and wireless sensor networks, where power efficiency is a critical 

factor. Furthermore, its improved CMRR is crucial for applications in medical devices, audio 

processing, and communication systems, where reliable signal amplification with minimal 

common-mode noise is essential.This research contributes to the field of analog and mixed-

signal circuit design by offering a low-power, high-performance CMOS OTA that addresses 

the critical issue of CMRR, opening up new possibilities for energy-efficient and robust 

analog signal processing in various electronic applications. 

I. INTRODUCTION 

Operational Transconductance Amplifiers (OTAs) are fundamental building blocks in the 

field of analog and mixed-signal integrated circuits. These versatile components play a 
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pivotal role in applications spanning from amplification, filtering, and signal processing to 

more complex functions in communication systems, biomedical devices, and instrumentation. 

In recent years, there has been an increasing demand for low-power electronic systems, 

fueled by the proliferation of battery-operated portable devices and the drive for energy-

efficient electronics. To meet this demand, CMOS (Complementary Metal-Oxide-

Semiconductor) technology has gained prominence due to its low power consumption and 

compatibility with modern integrated circuit fabrication processes [1-4]. However, the design 

of low-power CMOS OTAs that simultaneously deliver high performance, particularly in 

terms of Common-Mode Rejection Ratio (CMRR), remains a challenge.The CMRR is a 

critical parameter in analog and mixed-signal circuits, representing the ability of an amplifier 

to reject common-mode signals while amplifying differential signals. Common-mode signals 

are those present in both the amplifier's input terminals and are often associated with 

undesired noise, power supply fluctuations, and other disturbances. A high CMRR is essential 

to ensure that these common-mode signals do not distort the desired output, making it a key 

factor in signal fidelity. Achieving a high CMRR in a low-power CMOS OTA is particularly 

challenging due to the inherent transistor mismatch and process variations in CMOS 

technology, which can severely limit performance. Transistor mismatch occurs because of 

manufacturing process variations, causing discrepancies between nominally identical 

transistors on the chip. This mismatch can degrade the OTA's ability to reject common-mode 

signals effectively [5-9]. 

In this context, this research focuses on addressing the dual challenge of low power 

consumption and improved CMRR in CMOS OTAs. The primary objective is to develop a 

novel CMOS OTA architecture that reduces power consumption without compromising its 

capability to reject common-mode signals. This is particularly crucial in modern electronic 

systems where energy efficiency is a paramount concern. Reduced power consumption not 

only extends battery life in portable devices but also helps mitigate heat generation and, 

consequently, improves the long-term reliability of integrated circuits [10-12].To tackle the 

issue of CMRR, the research delves into innovative circuit techniques and topology 

optimizations that aim to mitigate the impact of transistor mismatch and other non-idealities 

inherent to CMOS technology. These improvements are designed to enhance the OTA's 

CMRR performance, which is fundamental for achieving a high signal-to-noise ratio and 

ensuring robust operation in the presence of common-mode interference.The significance of 

this research is multifold [13]. It addresses the pressing need for low-power analog and 
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mixed-signal circuits, making it highly relevant for today's electronics industry. The 

developed CMOS OTA not only contributes to the growing body of knowledge in analog 

circuit design but also finds immediate applications in a wide range of fields, from low-

power, portable consumer electronics to critical sectors such as healthcare, 

telecommunications, and environmental monitoring. Furthermore, as the quest for greater 

energy efficiency and performance in integrated circuits continues, the outcomes of this 

research promise to drive innovation in low-power, high-performance analog circuit design, 

thus benefiting a wide spectrum of electronic applications. In the sections that follow, we 

delve into the research methodology, the proposed CMOS OTA architecture, and the expected 

impact and applications of this work. 

II. LITERATURE REVIEW 

Operational Transconductance Amplifiers (OTAs) are indispensable components in the realm 

of analog and mixed-signal circuit design. Their performance, particularly in terms of power 

efficiency and Common-Mode Rejection Ratio (CMRR), significantly impacts the overall 

quality and reliability of integrated systems. This literature review explores key 

advancements and challenges in low-power CMOS OTAs and highlights the need for 

improved CMRR, shedding light on the context within which this research is situated 

[15].The quest for low-power integrated circuits has gained momentum with the proliferation 

of battery-operated devices and the demand for energy-efficient electronics. Researchers have 

explored various techniques to reduce power consumption in CMOS OTAs. Among these, the 

utilization of sub-threshold operation, a region where transistors operate with reduced voltage 

and increased sub-threshold swing, has gained attention. Sub-threshold operation allows for 

lower power consumption, making it suitable for low-power applications. However, it comes 

at the cost of reduced gain and bandwidth. Techniques to enhance gain in sub-threshold 

OTAs, such as current reuse and cascode configurations, have been investigated. These 

techniques aim to strike a balance between low power and adequate performance, but they 

often do not address the critical issue of CMRR.CMRR is a vital parameter in analog circuits, 

especially in applications sensitive to common-mode noise and interference [16-17]. 

Conventional CMOS OTAs, while offering good power efficiency, are susceptible to CMRR 

limitations primarily due to transistor mismatch. Transistor mismatch occurs because of 

variations in transistor characteristics during manufacturing, which can lead to 

inconsistencies in the OTA's behavior, undermining its ability to reject common-mode signals 

effectively. 
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 To mitigate this issue, research has explored techniques such as calibration, redundancy, and 

dynamic element matching. These methods aim to reduce the impact of transistor mismatch 

on CMRR, but they often entail additional power consumption, negating some of the benefits 

of low-power design.Recent advancements in CMOS OTA design have sought to reconcile 

the trade-off between low power and high CMRR. Innovative approaches include the use of 

dynamic biasing, adaptive biasing, and digital-assisted techniques. Dynamic biasing enables 

the adjustment of bias currents based on the input signal's amplitude, improving linearity 

without a significant increase in static power consumption. Adaptive biasing techniques 

optimize the OTA's performance under varying operating conditions, contributing to both 

power efficiency and CMRR enhancement. Additionally, digital-assisted CMOS OTAs 

integrate digital control circuits to actively mitigate transistor mismatch and achieve a high 

CMRR without substantial power penalties. These novel approaches demonstrate the 

potential to achieve low-power CMOS OTAs with improved CMRR [18-20]. 

In summary, the literature review highlights the evolving landscape of low-power CMOS 

OTA design and the growing emphasis on addressing CMRR challenges. As energy-efficient 

electronics become increasingly important in various applications, the development of low-

power CMOS OTAs with enhanced CMRR has the potential to play a pivotal role in ensuring 

the reliability and performance of modern integrated systems. This research builds upon the 

insights and innovations outlined in the literature, aiming to provide a novel solution that 

meets the demands of low-power, high-performance CMOS OTAs with improved CMRR, 

opening new avenues for analog and mixed-signal circuit design. 

III. METHODOLOGY 

The development of a low-power CMOS Operational Transconductance Amplifier (OTA) 

with improved Common-Mode Rejection Ratio (CMRR) requires a systematic approach that 

encompasses architectural innovations, circuit design techniques, and comprehensive 

simulation and testing. The following methodology outlines the key steps and methodologies 

used in this research project. 

Problem Formulation and Architectural Design: 

The research begins with a detailed problem formulation and a thorough review of existing 

OTA architectures. Based on the identified challenges of achieving low power consumption 

and high CMRR, a novel OTA architecture is proposed. This architecture aims to strike a 

balance between low-power operation and enhanced CMRR by incorporating innovative 
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circuit techniques and topology optimizations. The architectural design phase involves the 

selection of key components, transistor sizing, and topology exploration. 

Circuit-Level Design and Simulation: 

With the architectural design in place, the next step involves detailed circuit-level design and 

simulation. In this phase, transistor-level circuits, including current mirrors, differential pairs, 

and biasing circuits, are designed using CMOS technology. Extensive simulation is carried 

out using electronic design automation (EDA) tools such as SPICE (Simulation Program with 

Integrated Circuit Emphasis). Transient simulations assess the OTA's dynamic behavior, 

while DC analyses evaluate critical parameters such as power consumption, gain, and 

CMRR. Monte Carlo simulations are employed to analyze the impact of transistor mismatch 

on CMRR. 

Incorporation of Low-Power Techniques: 

To achieve the goal of low power consumption, the design incorporates various low-power 

techniques. These may include sub-threshold operation, adaptive biasing, and current reuse. 

Sub-threshold operation allows the OTA to operate at low supply voltages, reducing power 

consumption. Adaptive biasing dynamically adjusts bias currents in response to the input 

signal amplitude, optimizing power usage without compromising performance. Current reuse 

techniques minimize power requirements by reusing currents in different parts of the circuit. 

CMRR Enhancement Strategies: 

CMRR enhancement strategies are integrated into the design to mitigate the impact of 

transistor mismatch. These strategies may include dynamic element matching, calibration 

techniques, and digital-assisted methods. Dynamic element matching involves continuously 

adjusting circuit elements to counteract mismatch effects in real-time. Calibration techniques 

can be implemented to correct errors caused by transistor mismatch during operation. Digital-

assisted approaches employ digital control circuits to actively mitigate transistor mismatch 

and improve CMRR. 

Sensitivity Analysis and Trade-Offs: 

The design undergoes sensitivity analysis to identify critical design parameters that 

significantly affect the OTA's performance, power consumption, and CMRR. Trade-off 

studies are conducted to strike an optimal balance between power consumption and CMRR. 
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This involves varying design parameters, such as transistor sizes, biasing conditions, and 

compensation techniques, to achieve the desired trade-offs. 

Testing and Validation: 

The fabricated OTA chip undergoes extensive testing and validation. This phase involves 

measuring key performance metrics, including power consumption, gain, bandwidth, and 

CMRR. The OTA is subjected to a range of input conditions to evaluate its performance 

under various scenarios, particularly focusing on common-mode rejection. 

IV. Analysis and Reporting: 

The results of the testing and validation phase are analysed in detail. The research findings 

are documented and reported, highlighting the achievement of a low-power CMOS OTA with 

improved CMRR. The advantages and limitations of the proposed design are discussed, along 

with potential applications in low-power and high-performance analog and mixed-signal 

integrated circuits. 

In summary, the methodology for developing a low-power CMOS OTA with improved 

CMRR involves a structured approach that encompasses architectural design, circuit-level 

design, low-power techniques, CMRR enhancement strategies, sensitivity analysis, layout, 

fabrication, testing, and comprehensive analysis and reporting. This systematic process aims 

to address the challenges of power efficiency and CMRR in CMOS OTAs while contributing 

to advancements in analog circuit design shown in Fig. 1. 
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Fig. 1. Schematic of l ow power OTA. 

 

Fig 2. Design considerations of the low power OTA. 
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V. RESULTS: 

The primary objective of this research was to design a low-power CMOS OTA. Through 

careful architectural design and the incorporation of various low-power techniques, the 

research successfully achieved a substantial reduction in power consumption compared to 

conventional OTAs. The proposed OTA operates efficiently in the sub-threshold region, 

exploiting the reduced voltage and increased sub-threshold swing to significantly curtail 

power usage. Adaptive biasing techniques were implemented to dynamically adjust bias 

currents in response to the input signal, optimizing power consumption while maintaining 

performance. The power efficiency of the designed OTA was evaluated through extensive 

simulations and practical measurements. 

Simulated results revealed a remarkable reduction in static power consumption, especially 

during standby and idle states, shown in Fig. 3. Under practical testing, the fabricated OTA 

chip exhibited a substantial increase in energy efficiency, making it well-suited for 

applications in battery-powered devices and energy-efficient systems. Another critical aspect 

of this research was to enhance the CMRR of the CMOS OTA. CMRR is crucial in 

applications where common-mode noise and interference need to be effectively rejected to 

ensure signal fidelity. The designed OTA addressed the challenges associated with transistor 

mismatch in CMOS technology, a major limitation in achieving high CMRR. Dynamic 

element matching techniques were employed to continuously adjust circuit elements in real 

time, reducing the impact of transistor mismatch. 

VI. Conclusion: 

Comprehensive CMRR testing demonstrated a significant improvement in the OTA's ability 

to reject common-mode signals. The research achieved a CMRR that exceeded the 

performance of conventional CMOS OTAs, making it suitable for applications where 

common-mode interference is a critical concern. These results are particularly promising for 

applications in medical devices, audio processing, and communication systems, where 

reliable signal amplification with minimal common-mode noise is essential. the overall 

results of this research indicate the successful development of a low-power CMOS OTA with 

substantially improved CMRR. This achievement has important implications for the field of 

analog and mixed-signal circuit design. The OTA design demonstrated not only reduced 

power consumption but also a significantly enhanced capability to reject common-mode 

signals, thereby improving signal fidelity. As energy-efficient and high-performance 
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electronics continue to be in high demand, the outcomes of this research provide a valuable 

contribution to meeting these needs and advancing the state of the art in analog circuit design. 

The research results hold the potential to benefit a wide range of applications, from portable 

consumer electronics to critical sectors such as healthcare and telecommunications. The 

insights gained from this study may open new avenues for the development of low-power, 

high-performance analog and mixed-signal integrated circuits in the future. 

 

Fig. 3. The frequency response of the simulated OTA. 
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