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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Abstract
The field of mechatronics represents an interdisciplinary fusion of mechanical 
engineering, electronics, computer science, and control engineering, driving 
innovation across various sectors. This abstract explores the fundamental principles 
and applications of mechatronics, emphasizing its role in advancing modern 
technology. Mechatronics systems integrate mechanical components with electronic 
sensors and actuators, controlled by sophisticated algorithms, to create intelligent 
products and systems. These systems are pivotal in industries such as automotive, 
aerospace, manufacturing, and robotics, where they enhance precision, efficiency, and 
functionality. Recent advancements in mechatronics have led to the development of 
autonomous vehicles, advanced robotic systems, smart manufacturing processes, and 
innovative medical devices. Key technologies in this field include microcontrollers, 
sensors, actuators, and embedded systems, which work in unison to enable real-time 
data processing and decision-making. The integration of artificial intelligence (AI) and 
machine learning algorithms further augments the capabilities of mechatronic systems, 
enabling predictive maintenance, adaptive control, and human-machine collaboration. 
The ongoing research and development in mechatronics promise to push the boundaries 
of automation and intelligent system design, fostering innovation and efficiency. As 
mechatronics continues to evolve, it will play a crucial role in addressing complex 
engineering challenges and driving future technological advancements, significantly 
impacting various aspects of daily life and industrial operations..
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Introduction

Mechatronics is an interdisciplinary field that combines 
mechanics, electronics, robotics, controls, and modeling 
to create intelligent, automated systems. It plays a crucial 
role in the modern, highly automated manufacturing 
sector by enabling the design of simpler and smarter 
systems that operate more efficiently and produce better 
results. Mechatronics engineering integrates diverse 
disciplines such as mechanical engineering, electrical 
engineering, electronics, software engineering, and 
robotics to develop innovative solutions. The field of 
mechatronics has evolved gradually over time, driven 
by advancements in various domains. As technology 
continues to progress rapidly, mechatronics is poised 
to shape the future of automation and manufacturing, 
making it an exciting and rewarding career path. This 
comprehensive guide delves into the fundamentals 
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of mechatronics, exploring its engineering programs, 
career prospects, hands-on training, and the benefits it 
offers to aspiring professionals[1-7] as in Fig. 1. 

Mechatronics, derived from the words “mechanics” 
and “electronics,” refers to a comprehensive approach 
to engineering that includes mechanical engineering, 
electronics, computer science, and control engineering. 
The goal is to develop intelligent systems and products 
that seamlessly integrate mechanical and electronic 
components, hence encouraging innovation across 
several industries. At its core, mechatronics aims 
to break down the conventional barriers between 
mechanical engineering and electronics. It entails the 
design and development of smart systems that can 
perceive, process, and respond to their surroundings. 
This interdisciplinary fusion enables engineers to design 
integrated systems that harness the strengths of both 
mechanical and electrical components.[8-9] 
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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A. �Intersection of Mechanics, Electronics, and 
Computing

Mechatronics is a multidisciplinary field that refers to the 
skill sets needed in the contemporary, advanced automated 
manufacturing industry. At the intersection of mechanics, 
electronics, and computing, mechatronics specialists 
create simpler, smarter systems. Mechatronics deals 
with robotics, control systems, and electro-mechanical 
systems. It involves the integration of mechanical systems 
with electronics and software to create more functional 
and efficient products and processes. 

B. �Applications and Importance in Automation and 
Manufacturing

The automation and robotics revolution relies heavily 
on mechatronics. From manufacturing lines to surgical 
robots, mechatronic systems provide the foundation of 
intelligent automation. The combination of mechanical 
components, sensors, actuators, and embedded control 
systems allows for the development of robots capable 
of performing complicated tasks with accuracy, adapting 
to dynamic surroundings, and collaborating with human 
operators. 

Mechatronics is fast becoming a popular way for 
companies to produce goods with the quality and 

speed modern consumers have come to expect. 
Applying mechatronics in advanced manufacturing has 
improved efficiency and the quality of the products. 
Using automated processes ensures time savings and 
seamlessly integrated procedures. Mass production has 
increased output and made modern manufacturing cost-
effective, while technical errors are reduced as the use 
of intelligent sensors and parameter controllers ensures 
the designed operation conditions are maintained.[10] 

Mechatronics

Mechatronics engineering is a multidisciplinary field 
that combines mechanical, electrical, and computer 
engineering to design and develop intelligent systems 
and products. 

A. Robotics and Automation

Robotics and automation courses focus on the design, 
programming, and control of robotic systems, including 
industrial robots, autonomous vehicles, and other 
intelligent machines. This course focuses on the 
technology and application of robots and automation 
in the modern manufacturing environment, providing 
a thorough understanding of robotic hardware and 
software, including robot configurations, drive 

Fig. 1:  Digital Engineering Methods in Practical Use during Mechatronic Design Processes
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and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
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This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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mechanisms, power systems, end-effectors, sensors, 
control systems, machine vision, programming, safety, 
and integration. 

Fig. 2: Mechatronics-Embedded Pneumatic  
Soft Modular Robot

B. nstrumentation and Control Systems

Instrumentation and control systems courses cover the 
principles and applications of sensors, actuators, and 
control algorithms used in the design of intelligent 
systems and products. These courses develop the 
knowledge of control system concepts and apply them 
to electromechanical systems, characterizing and 
modeling systems using linear systems methods with a 
controls perspective, and covering principles of stability, 
damping, and the design of open and closed-loop 
compensators.[11-14]

Career Paths and Job Prospects
A. Industries and Job Roles

Mechatronics engineers can work in various industries, 
such as robotics, aerospace, automotive, manufacturing, 
and biomedical. They design and create products using 
the fundamental concepts of electrical, mechanical, 
software, and control engineering with the intent to 
devise a more efficient, cost-effective, and reliable 
approach to completing tasks. Some of the top jobs in 
mechatronics engineering include robotics technician, 

telecommunications engineer, agricultural systems 
designer, instrumentation designer, industrial automation 
specialist, electronics engineer, and mechanical 
engineer. 

Mechatronics is a highly technical field, and mechatronics 
engineering technology graduates are in high demand. 
The demand for mechatronics engineering will increase 
as more businesses adopt advanced, intelligent systems 
and robotics. Mechatronics engineers are relatively well-
paid, with an average base salary of $87,109 per year in 
the US, according to Glassdoor data. However, salaries 
can vary significantly depending on the company, with 
some top companies like Apple, NASA, Tesla, and Google 
offering six-figure salaries ranging from $107,157 to 
$172,111 annually. Mechatronics engineering also offers 
highly paid gig or project-based work, starting from  
$44–$48 per hour.[15-16] 

B. Skill Requirements and Professional Development

To pursue a career in mechatronics, you need to 
acquire the necessary education and training, such as 
a bachelor’s degree in mechatronics engineering or a 
related field like mechanical, electrical, or computer 
engineering. You should also develop and enhance your 
skills and competencies, including a strong foundation 
in mathematics, physics, engineering principles, 
programming languages, design, analysis, testing, and 
troubleshooting of mechatronic systems, as well as soft 
skills like communication, teamwork, problem-solving, 
and creativity. 

Obtaining relevant certifications and licenses, such 
as registering as a professional engineer (PE) or a 
certified engineering technologist (CET), can further 
demonstrate your knowledge and skills in specific areas 
of mechatronics. Building and maintaining a professional 
network, seeking mentorship from experienced 
mechatronics engineers, and continuously learning 
and updating your knowledge and skills through online 
courses, webinars, journals, and research projects are also 
essential for professional development in this field [17-18]  
(Fig, 3). 

Fig. 3: UAV-Based Smart Educational  
Mechatronics System
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Hands-on Training and Experience

The MIT Mechatronics Research Laboratory team 
takes an interdisciplinary approach to research and 
development, emphasizing hands-on experience. The 
activities include fundamental research in physical 
system modeling, mechatronic design, control theory, 
and machine intelligence; with methods in algorithms, 
simulation, visualization, instrumentation, fabrication, 
and experimentation; and application projects in the 
fields of robotics and automation, nanotechnology, and 
intelligent systems. 

A. Laboratory and Project Work

The MIT Mechatronics Research Laboratory seeks students 
and researchers with strong backgrounds in mechatronic 
system design, optics, robotics, control systems, and 
hands-on experience. Projects undertaken by the lab 
include computer vision and cell phone recycling in robotics 
and automation, pipe inspection and rehabilitation robot 
design, and machine learning-based control of electrical 
motors for instrumentation and learning. 

B. Internships and Co-op Opportunities

As an intern in a mechatronics engineering program, you 
will work closely with your mentor and other employees 
within the department to apply your knowledge and 
grow your skills both technically and professionally. You 
will work with a fast-paced group of professionals to 
apply engineering and industry concepts to solve real 
challenges, attend frequent one-on-one meetings with 
mentors and supervisors to facilitate success and learning 
while providing progress updates, and enjoy tech talks 
and networking opportunities with other interns and 
employees through social and professional events.[19] 

Internship requirements typically include being 
enrolled in a bachelor’s, master’s, or doctorate degree 
program in an engineering discipline such as electrical, 
mechatronics, or robotics engineering, or a physics 
discipline, with at least one semester of school remaining 
post-internship. A GPA of 3.0 or above, 3+ months of 
applied engineering experience (internship, laboratory, 
and personal/team project experience is applicable), 
general understanding of electrical circuits, knowledge 
of benchtop test equipment such as power supplies and 
multimeters, and experience with Python are often 
required or preferred. 

C. Industry Collaborations and Research Projects

Mechatronics programs often collaborate with industry 
partners and engage in research projects to provide 
students with hands-on training and experience. These 

collaborations may involve investigating safe human-
robot collaboration with parallel kinematic machines, 
developing intelligent control systems for DC link 
circuits to reduce energy absorption in production lines, 
optimizing trajectories for energy efficiency in multi-axis 
applications, creating tools and methods for digitalization 
of high-energy consumption production plants, developing 
mechatronic applicators for minimally invasive heart 
stem cell treatments, using image processing algorithms 
for automated aircraft engine maintenance inspections, 
and manufacturing processes for growing individualized 
heart-muscle implants using 3D bioextrusion printers 
and controls. Additionally, research projects may focus 
on developing surgery-assistant robots (Robotic Scrub 
Nurses) to address staff shortages, studying their tasks 
such as instrument detection, localization, gripping, 
handing, and retrieval using deep learning methods and 
soft robotics technology.[20-21] 

Program Benefits and Advantages
A. State-of-the-Art Facilities and Resources

Mechatronics programs offer students access to state-
of-the-art facilities and resources, providing hands-
on learning opportunities with the latest technology 
and tools. Programs like Purdue University Northwest 
(PNW) feature advanced robotic workstations, precision 
instruments, and specialized labs that allow students 
to test theoretical concepts in practical applications. 
Additionally, facilities like the Commercialization 
and Manufacturing Excellence Center (CMEC) and the 
Center for Innovation and Design (CID) provide students 
with cutting-edge technology for hands-on learning 
experiences (Fig. 4). 

Northeastern University’s mechatronics program provides 
students with immediate access to the university’s 
extensive network of manufacturing and engineering 
alumni, as well as experiential learning opportunities at 
market-leading manufacturing companies in the Boston 
area, including GE Aviation, Brooks Automation, and 
Teradyne. Students also have access to Northeastern’s 
state-of-the-art labs, where they can learn cutting-edge 
manufacturing technology, processes, and software from 
faculty with real-world industry expertise. 

B. Faculty Expertise and Indus2try Connections

Mechatronics programs often boast faculty members with 
extensive industry experience and research expertise, 
providing students with practical insights alongside 
academic knowledge. For instance, PNW’s faculty 
are involved in research for advanced manufacturing, 
industry, and automation, and have extensive experience 
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can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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working in the mechatronics field. This combination of 
academic degrees and professional experience enhances 
the learning experience, providing students with 
practical insights and industry expertise to prepare them 
for real-world challenges and future careers.[22-24] 

Northeastern University’s industry-aligned faculty bring 
relevant real-world experience, knowledge, expertise, 
and connections that help students achieve their career 
goals. These faculty members often have backgrounds 
from companies like Gillette, General Electric, United 
Technologies, Sikorsky Aircraft, BAE, Stanley Black & 
Decker, Procter & Gamble, and Bose Corporation, offering 
students valuable industry insights and connections. 

C. Interdisciplinary Learning Environment

Mechatronics programs offer a holistic and synergistic 
approach to complex problem-solving, providing students 
with an interdisciplinary learning environment. At PNW, 
for example, the program is designed to offer students 
a synergistic approach to complex problem-solving, 
combining various disciplines to tackle challenges from 
multiple perspectives. Kennesaw State University’s 
(KSU) Digital Manufacturing class exemplifies this 
interdisciplinary approach, where students work in 
project-oriented teams to implement simulations of 
integrated manufacturing systems, following course 
case studies. This hands-on approach enables students 
to understand and apply advanced manufacturing 
concepts, including the Internet of Things, digital twins, 
collaborative robotics, and Industry 4.0.[25-26] 

Entry Requirements

Mechatronics engineering programs typically require 
applicants to have completed an accredited Bachelor’s 

degree program in a relevant field, such as mechanical 
engineering, electrical engineering, engineering physics, 
or a related discipline. They are expected to have 
prior coursework in mathematics through differential 
equations, introductory linear control theory, and 
introductory electronics and programming. A strong 
foundation in mathematics, physics, and engineering 
principles is essential for pursuing a mechatronics 
engineering program. 

Fig. 4: Experiential Learning and the Stimulation

Fig. 5: Optimization Design Procedure for  
Mechatronics: algorithm
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Some programs may also have specific grade point average 
(GPA) requirements or minimum grade requirements 
for certain courses as in Fig. 5. For example, students 
must maintain a minimum GPA of 3.0 and earn a grade 
of C or better in each course to meet the requirements 
for a mechatronics engineering program. The Career 
& Technical Education (CTE) Student Support Team 
delivers services designed to help students enrolled in 
mechatronics and other technical programs earn better 
grades, remain in school, and graduate with the skills 
necessary to pursue employment in current or emerging 
high-priority technical professions. The CTE Student 
Support Team helps students navigate their way through 
the college experience while developing their academic 
and personal skills, and connects them with a host of 
other free college services to help them achieve their 
academic goals. 

D. Career Services and Placement Assistance

The Career Services & Job Readiness Department 
provides students and graduates with a variety of tools, 
resources, and services to help them prepare for future 
careers in mechatronics and related fields. With Career 
Coach, students can search for careers based on their 
mechatronics program or search for programs based 
on their dream job. The department assists students in 
career planning, job search strategies, resume writing, 
interview preparation, and other job readiness skills.

E. Student Organizations and Activities

Mechatronics students have access to various student 
organizations and activities that promote professional 
development, networking, and hands-on experiences. 
These organizations may include:

1.	Student chapters of professional societies like 
the American Society of Mechanical Engineers 
(ASME), Institute of Electrical and Electronics 
Engineers (IEEE), and Robotics and Automation 
Society.

2.	Project-based teams focused on designing and 
building mechatronic systems, such as robotics 
teams, formula racing teams, and automation 
projects.

3.	Clubs and organizations that promote diversity 
and inclusivity in engineering, such as Women in 
Mechatronics or Mechatronics Ambassadors.

4.	Volunteer and community outreach programs 
that engage students in STEM education and 
community service. 

These organizations provide opportunities for students 
to apply their knowledge, develop leadership and 

teamwork skills, network with professionals, and gain 
practical experience in the field of mechatronics.

Conclusion

The exploration of the field of mechatronics reveals 
its critical role in driving technological advancements 
and innovation across various industries. By integrating 
mechanical engineering, electronics, computer science, 
and control engineering, mechatronics enables the 
creation of sophisticated systems that enhance precision, 
efficiency, and functionality. This interdisciplinary 
approach has led to significant developments in 
autonomous vehicles, advanced robotics, smart 
manufacturing processes, and innovative medical 
devices. The synergy of microcontrollers, sensors, 
actuators, and embedded systems within mechatronic 
applications facilitates real-time data processing 
and intelligent decision-making. Additionally, the 
incorporation of artificial intelligence (AI) and machine 
learning further amplifies these systems’ capabilities, 
enabling predictive maintenance, adaptive control, 
and seamless human-machine interaction. As research 
and development in mechatronics continue to evolve, 
the field promises to address complex engineering 
challenges and foster greater innovation. The future 
of mechatronics lies in its ability to adapt to emerging 
technologies and integrate new scientific discoveries, 
ensuring its relevance and impact in an ever-changing 
technological landscape. Ultimately, mechatronics will 
play a pivotal role in enhancing industrial operations 
and improving quality of life, demonstrating its 
indispensability in the modern world.
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