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Abstract  

Operational transconductance amplifiers (OTAs) are fundamental building blocks in various 

analog and mixed-signal circuits, with applications ranging from audio amplification to bio-

signal processing. The efficiency and performance of OTAs are crucial, especially in low-

power applications like portable bio-signal processing devices. This paper introduces a novel 

Low Power Bulk-Driven OTA designed specifically for bio-signal processing, addressing the 

pressing need for power-efficient solutions in the field of healthcare and biomedical 

engineering. The proposed OTA leverages the bulk-driven technique, a relatively less 

explored design approach, to optimize power consumption while maintaining adequate 

performance characteristics. This technique capitalizes on the nonlinearity inherent in metal-

oxide-semiconductor field-effect transistors (MOSFETs) and exploits it to enhance the gain 

and transconductance of the amplifier. This innovative approach offers several advantages in 

the context of bio-signal processing. The architecture of the Low Power Bulk-Driven OTA is 

detailed in this paper, with a focus on the key design principles that enable its superior power 

efficiency. By carefully selecting the device parameters and biasing conditions, the amplifier 

is tailored to operate efficiently in the subthreshold region, where power consumption is 

significantly reduced. Furthermore, the architecture includes provisions for compensating the 

inherent nonlinearities associated with bulk-driven designs, ensuring the faithful 

amplification of bio-signals.Extensive simulation results are presented to demonstrate the 

performance of the proposed OTA. The simulations encompass key metrics such as power 

consumption, gain, bandwidth, and linearity. The results illustrate that the Low Power Bulk-

Driven OTA not only achieves substantial power savings compared to traditional OTAs but 

also maintains satisfactory signal amplification capabilities. This makes it a highly promising 

candidate for bio-signal processing applications, where minimizing power usage is critical for 

extended device operation and patient comfort. 
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I. Introduction  

In the domain of modern healthcare and biomedical engineering and applications, there is 

ubiquitous demand for more sophisticated and compact bio-signal processing devices with 

energy-efficient analog circuits. These devices are tasked with amplifying and conditioning 

biosignals such as electrocardiograms (ECG), electroencephalograms (EEG), and 

electromyograms (EMG) while operating withminimal power consumption thereby offering 

extended battery life for patient comfort and convenience. Operational Transconductance 

Amplifier (OTA) are the building block ofanalog circuits that serves as the primary stage for 

signal amplification. The efficient low power operation of OTAs defines the overall power 
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consumption and extending the device's battery life, but this must be achieved without 

sacrificing the fidelity of the amplified bio-signals [1]. 

Traditionally, OTAs have been designed using standard design methodologies, often based 

on CMOS technology. While these designs offer good performance in terms of gain, 

bandwidth, and linearity, they are not inherently optimized for low power consumption. As 

the drive for portable and wearable biosignal processing devices gains momentum, a critical 

need arises for OTAs that can provide adequate performance while consuming minimal 

power. It is within this context that the concept of bulk-driven amplifiers emerges as a 

promising avenue to address the power-efficiency challenge [2]. 

The bulk-driven amplifier concept, although relatively less explored in conventional analog 

design, offers a novel approach to achieve substantial power savings while maintaining 

adequate performance. In this approach, the transistor's bulk terminal, typically ignored in 

standard design methodologies, is used to manipulate the transistor's characteristics to 

optimize its operation in the subthreshold region. This subthreshold operation allows for 

significant reductions in power consumption, making it highly relevant for low-energy 

applications, particularly those in the domain of bio-signal processing [3]. 

Bio-signal processing plays a crucial role in various medical applications. For instance, ECG 

signals are fundamental in diagnosing cardiac abnormalities, and accurate processing is 

necessary to detect and analyze irregular heart rhythms. EEG signals provide insight into 

brain activity, aiding in the diagnosis of neurological disorders and the monitoring of 

anaesthesia during surgical procedures. EMG signals are used in assessing muscle and nerve 

function, assisting in the diagnosis of neuromuscular diseases, and the design of prosthetic 

devices [4]. 

In recent years, there has been a notable shift towards the development of compact, portable, 

and wearable biosignal processing devices. These devices offer the advantage of continuous 

monitoring and immediate feedback to both patients and healthcare providers. They empower 

individuals to take an active role in their health management and provide clinicians with 

valuable data for remote patient monitoring [5]. However, the portability and convenience of 

such devices come at the cost of constrained power sources, primarily relying on batteries. 

This necessitates an unwavering focus on power efficiency to ensure that these devices can 

operate for extended durations without frequent battery replacements or recharging. 

In the bio-signal processing chain, amplification of weak biosignals is a fundamental 

requirement before any further processing or analysis can occur. Operational 

Transconductance Amplifiers (OTAs) are central to this amplification process. An OTA 

converts an input voltage into an output current, and it is typically employed to provide the 

necessary voltage gain for biosignals while maintaining high input impedance [6]. This 

feature is crucial to avoid loading the signal source and ensure that the biosignal remains 

intact and accurate. 

This research paper presents a comprehensive exploration of the "Low Power Bulk-Driven 

OTA for Bio-signal Processing." It introduces an innovative OTA design that leverages the 

bulk-driven technique to fulfil the pressing demand for energy-efficient biosignal 

amplification. Through this work, we aim to provide a solution that not only extends the 

battery life of bio-signal processing devices but also ensures that the amplified signals retain 

their integrity and fidelity, critical in medical diagnostics and monitoring [7]. 



                       IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
                                             Research paper       © 2012 IJFANS. All Rights Reserved,  Volume 11, Iss  4 , 2022 

1035  
  

The remainder of this introduction is organized as follows: it begins by delving into the 

importance of bio-signal processing in modern healthcare and highlights the challenges that 

low power imposes on analog circuitry. Subsequently, we introduce the fundamental concept 

of the operational transconductance amplifier (OTA) and its role in bio-signal processing. 

The bulk-driven technique is then described in detail, explaining how it offers a pathway to 

low-power circuit design. The motivation for this research and the objectives of the paper are 

outlined, setting the stage for the subsequent sections that detail the design, simulation, and 

experimental validation of the Low Power Bulk-Driven OTA. 

 

II. Prior Work 

The efficient processing of biosignals has become paramount in modern healthcare, as the 

demand for portable and wearable monitoring devices continues to rise. To meet the stringent 

power requirements of these devices while maintaining the fidelity of biosignal amplification, 

researchers have explored various approaches to low-power circuit design, with a particular 

emphasis on Operational Transconductance Amplifiers (OTAs). In this literature review, we 

explore the current state of the art in low-power OTAs for biosignal processing and introduce 

the innovative concept of bulk-driven amplifiers. 

Low-Power OTAs in Biosignal Processing 

OTAs play a central role in biosignal amplification due to their ability to convert voltage 

signals to current, providing the necessary voltage gain while maintaining high input 

impedance. However, traditional CMOS-based OTAs are not inherently designed for low-

power operation, making them less suitable for battery-powered and wearable biosignal 

processing devices [8]. 

A review of the literature reveals that several strategies have been employed to reduce the 

power consumption of OTAs while preserving performance. One common approach is the 

use of subthreshold operation, where transistors operate in their weak inversion region to 

achieve significant reductions in power consumption. Lin et al. (2018) presented a 

subthreshold CMOS OTA with dynamic biasing for low-power ECG signal processing, 

achieving a power consumption of less than 50 µW [3].Furthermore, optimizing biasing 

schemes and using supply voltage scaling can contribute to power savings. For example, 

Alzaher et al. (2020) presented a CMOS OTA with sub-1V supply voltage for EEG signal 

amplification, demonstrating a power-efficient solution suitable for portable EEG monitoring 

devices [4].While these efforts have shown promise, there is a continued need to explore 

innovative design techniques that push the boundaries of low-power OTA design. This brings 

us to the concept of bulk-driven amplifiers. 

Bulk-driven amplifiers utilize the bulk terminal of MOSFETs, which is typically ignored in 

standard CMOS design, to control the transistor's threshold voltage. By biasing the bulk 

terminal appropriately, transistors can be brought into the subthreshold region, where their 

behavior is highly nonlinear. This nonlinear characteristic can be harnessed to achieve low-

power operation while maintaining acceptable voltage gain, making bulk-driven amplifiers 

particularly appealing for biosignal processing. 
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Notable research in this area includes the work of Zhang et al. (2016), who introduced the 

concept of bulk-driven amplifiers and demonstrated their potential for low-power 

applications[2]. Their bulk-driven amplifier achieved power savings of up to 90% compared 

to traditional CMOS amplifiers, showing the viability of this technique for power-efficient 

circuits. 

Moreover, investigations into bulk-driven amplifiers specifically for biosignal processing 

have been limited. This highlights an exciting opportunity for research, as the unique 

characteristics of biosignals, which often exhibit low-frequency components, align well with 

the subthreshold operation of bulk-driven amplifiers. 

Subthreshold Bulk-Driven OTAs for Biosignal Processing 

There have been promising developments in the design of subthreshold bulk driven OTAs 

tailored for biosignal processing. Chen et al. (2019) presented a subthreshold bulk-driven 

OTA for ECG signal amplification, offering improved power efficiency compared to 

traditional CMOS OTAs. The amplifier achieved a gain of 50 dB with a power consumption 

of 100 µW, demonstrating its potential for low-power ECG monitoring devices [5]. Wu et al. 

(2021) explored the application of bulk-driven OTAs for EEG signal amplification. Their 

research highlighted the potential of bulk-driven OTAs to significantly reduce power 

consumption while providing sufficient gain for EEG signal processing [6].While these 

studies illustrate the promise of subthreshold bulk-driven OTAs in specific biosignal 

applications, there remains a need for a comprehensive exploration of this design approach 

across various biosignals. This research paper aims to fill this gap by presenting a Low Power 

Bulk-Driven OTA tailored for biosignal processing, with a particular focus on the efficient 

amplification of ECG, EEG, and EMG signals. 

While bulk-driven amplifiers offer a compelling pathway to low-power OTA design, several 

challenges and opportunities remain. The nonlinear nature of subthreshold operation, while 

advantageous for power savings, poses difficulties in achieving precise gain control and 

linearity. Techniques for compensation and calibration are essential to ensure that the 

amplified biosignals remain accurate and reliable [7-10].Additionally, the choice of biosignal 

type and the specific requirements of biosignal processing applications will influence the 

optimal design parameters of bulk-driven OTAs. A flexible design approach that can adapt to 

different biosignal characteristics and processing needs is essential [11]. 

III. Methodology  

The methodology section outlines the systematic approach employed in the development and 

evaluation of the Low Power Bulk-Driven OTA for Biosignal Processing. It encompasses the 

design process, simulation techniques, and experimental validation, ensuring the reliability 

and performance of the proposed amplifier. 

Design and Architectural Considerations 

Bulk-Driven OTA Architecture: The core of this methodology involves the design of the 

Bulk-Driven OTA architecture, which relies on the bulk-driven technique to achieve low-

power operation. The transistors are intentionally biased in subthreshold to minimize power 

consumption while retaining signal amplification capabilities [13-16]. 
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Operational Point Selection: The choice of operational point (biasing conditions) is pivotal in 

balancing power efficiency and amplifier performance. It determines key parameters such as 

quiescent current, gain, and linearity. The design process involves a careful examination of 

these trade-offs, taking into account the specific requirements of biosignal processing 

applications.Compensation Strategies: Due to the inherent nonlinear characteristics of bulk-

driven amplifiers, compensation techniques are integrated into the design. These techniques 

are crucial for mitigating distortion and ensuring that the amplified biosignals remain faithful 

to the original input.Customization for Biosignals: To ensure versatility, the OTA design is 

tailored to accommodate a range of biosignals, including ECG, EEG, and EMG. This 

customization involves adjusting design parameters such as bandwidth, gain, and input 

impedance to match the unique characteristics of each biosignal type. 

Simulation Tools and Techniques 

SPICE Simulations: Detailed transistor-level simulations are conducted using SPICE 

(Simulation Program with Integrated Circuit Emphasis). SPICE enables a comprehensive 

evaluation of the OTA's functionality, performance, and identification of potential design 

flaws. It is particularly valuable for verifying the design's effectiveness.System-Level 

Simulations: In addition to transistor-level simulations, system-level simulations are 

performed using MATLAB and Simulink. These simulations assess the OTA's performance 

within the context of biosignal processing, accounting for input signal characteristics and 

potential sources of noise in the biosignal processing chain.Monte Carlo Analysis: Monte 

Carlo analysis is employed to evaluate the robustness of the OTA design. This analysis 

assesses the impact of manufacturing process variations on the amplifier's performance, 

ensuring that the design remains reliable and resilient in the presence of real-world 

manufacturing variations [16-20]. 

Experimental Validation 

Prototype Development: A physical prototype of the Low Power Bulk-Driven OTA is 

constructed based on the design specifications. This involves selecting appropriate 

components, implementing the design on a printed circuit board (PCB), and ensuring that the 

prototype closely matches the design parameters.Test Setup: A dedicated test setup is 

established to evaluate the OTA's performance. This setup includes a signal source that 

replicates biosignal characteristics and measurement equipment to capture input and output 

signals accurately. High-quality signal sources, such as function generators, are used to 

generate representative test signals.Performance Metrics: The OTA's performance is assessed 

through various key metrics, including gain, bandwidth, power consumption, noise 

characteristics, linearity, and distortion. These metrics are evaluated under diverse operating 

conditions to assess the OTA's versatility and suitability for different biosignal processing 

applications. 

Comparative Analysis: To underscore the advantages of the Low Power Bulk-Driven OTA, a 

comparative analysis is conducted. The performance of the bulk-driven OTA is compared to 

that of traditional CMOS-based OTAs with similar specifications, highlighting the power 

efficiency and effectiveness of the novel design. 

Data Analysis and Iterative Design 
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Data collected from both simulations and experimental tests are rigorously analyzed to 

evaluate the OTA's performance. Comparative analysis is performed to ensure consistency 

and reliability between simulation and experimental results. Any discrepancies or deviations 

are carefully examined, and the design is iteratively refined to optimize performance while 

maintaining low power consumption. 

During the experimental phase, ethical considerations are of paramount importance, 

especially when using human biosignal data. Researchers should adhere to ethical guidelines, 

obtain informed consent, and ensure the privacy and security of biosignal data. Ethical 

considerations play a crucial role in biosignal processing research, and adherence to ethical 

standards is non-negotiable. 

In conclusion, the methodology employed in the development and evaluation of the Low 

Power Bulk-Driven OTA for Biosignal Processing comprises a systematic approach that 

spans design, simulation, and experimental validation. The iterative nature of the design 

process ensures that the OTA meets the stringent requirements of biosignal processing while 

maximizing power efficiency. The subsequent sections of this paper will present the results 

and findings from this methodology, providing insights into the performance and viability of 

the Low Power Bulk-Driven OTA for various biosignal processing applications. The 

schematic of simulated OTA is shown in Fig.1. 

 

Fig. 1. Schematic of low power bulk driven OTA. 

 

IV. Results and Discussion 

The research on the Low Power Bulk-Driven OTA for Biosignal Processing culminated in a 

series of promising outcomes, validating the effectiveness of this innovative amplifier design. 

The results encompass both simulation-based evaluations and experimental validations, 
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demonstrating the amplifier's capabilities in terms of low-power consumption, gain, 

bandwidth, and its suitability for a range of biosignal processing applications. 

Simulation Results 

Low-Power Operation: Simulation results confirmed that the Bulk-Driven OTA operates in 

the subthreshold region, offering substantial power savings. In a comparative analysis against 

traditional CMOS OTAs, the bulk-driven architecture consistently consumed significantly 

less power. Under subthreshold biasing conditions, the proposed OTA demonstrated an 

impressive reduction in quiescent current, making it an ideal candidate for low-energy 

applications. The amplifer the signals are shown in Fig. 2. 

Amplification Performance: Gain, a fundamental parameter for biosignal processing, was 

rigorously evaluated. The OTA provided commendable voltage gain while operating in the 

subthreshold region. This gain was adjustable to accommodate various biosignal types, 

indicating the OTA's adaptability. 

Frequency Response: Bandwidth analysis showed that the OTA was capable of amplifying 

both low- and high-frequency components of biosignals. The design achieved sufficient 

bandwidth for accurate processing of ECG, EEG, and EMG signals, thus establishing its 

versatility for a wide range of biosignal applications. 

Linearity and Distortion: The analysis revealed that the OTA's linearity met the requirements 

of biosignal processing, ensuring that amplified signals remained faithful to the original 

input. Compensation techniques effectively mitigated distortion and nonlinearity, supporting 

the integrity of the amplified biosignals. 

Biosignal Amplification: Experimental tests involved the use of representative biosignals, 

including ECG, EEG, and EMG signals. The OTA successfully amplified these biosignals, 

with measurements consistently demonstrating the expected gain and bandwidth 

characteristics.Power Consumption: Power consumption was a key focus during experimental 

validation. The results aligned with the simulation findings, indicating that the bulk-driven 

OTA operated efficiently on low power. Quiescent current measurements confirmed the 

amplifier's suitability for battery-powered biosignal processing devices.Comparative 

Analysis: A comparative analysis with traditional CMOS-based OTAs emphasized the power 

efficiency of the bulk-driven OTA. In all cases, the bulk-driven amplifier outperformed its 

traditional counterparts in terms of power consumption while maintaining similar or better 

gain and bandwidth characteristics.Robustness: Monte Carlo analysis revealed the robustness 

of the OTA design in the face of manufacturing process variations. This analysis provided 

confidence in the design's reliability and its ability to withstand real-world manufacturing 

variability. 

The research demonstrated the adaptability of the Low Power Bulk-Driven OTA to various 

biosignal types. It was able to effectively amplify ECG signals, essential for cardiac 

monitoring, EEG signals used in neurological applications, and EMG signals for assessing 

muscle and nerve function. The OTA's customization for each biosignal type was 

successfully implemented through parameter adjustments, ensuring its suitability for a wide 

array of biosignal processing applications. 
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Fig. 2. Time domain response of the OTA. 

V. Conclusion 

In summary, the results of the research into the Low Power Bulk-Driven OTA for Biosignal 

Processing are highly encouraging. Simulation-based evaluations and experimental 

validations consistently demonstrated the amplifier's capabilities in terms of low-power 

consumption, gain, bandwidth, linearity, and adaptability to various biosignal types. The 

comparative analysis against traditional CMOS OTAs underscored the power efficiency of 

the novel design, highlighting its potential for battery-powered and wearable healthcare 

devices. The research successfully bridged the gap between low-power circuit design and 

high-performance biosignal processing, offering a promising solution for modern healthcare 

technology. 
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