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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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Abstract
Smart technologies are transforming industries by enabling more efficient, 
automated, and data-driven operations. This abstract explores the application of 
smart technologies across various sectors, highlighting their potential to enhance 
productivity, reduce costs, and improve service quality. Key technologies include the 
Internet of Things (IoT), artificial intelligence (AI), big data analytics, and blockchain, 
each offering unique benefits and challenges. IoT enables the seamless connection of 
devices and systems, facilitating real-time monitoring and control in manufacturing, 
healthcare, agriculture, and logistics. AI enhances decision-making through advanced 
algorithms and machine learning, enabling predictive maintenance, personalized 
customer experiences, and optimized resource allocation. Big data analytics provides 
insights from vast amounts of data, driving informed decisions and strategic planning. 
Blockchain ensures secure, transparent, and tamper-proof transactions, proving 
valuable in supply chain management, finance, and beyond. The integration of 
these technologies leads to the creation of smart factories, smart cities, and smart 
healthcare systems, among others. However, challenges such as data privacy, security 
concerns, and the need for significant investment and skilled personnel must be 
addressed. Smart technologies hold immense potential to revolutionize industries, 
fostering innovation, sustainability, and enhanced operational efficiency. Continued 
research and development, alongside strategic implementation, are essential for 
harnessing their full potential..
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Introduction

Smart technologies are revolutionizing the way we live 
and work, seamlessly integrating digital capabilities 
into everyday objects and processes. These cutting-
edge innovations encompass a wide range of fields, 
including the Internet of Things, artificial neural 
networks, reinforcement learning, and biomedicine. 
From monitoring blood pressure remotely to optimizing 
industrial operations, smart technologies are rapidly 
becoming ubiquitous across industries. This article 
delves into the realm of smart technologies, exploring 
their diverse applications, emerging trends, and 
transformative impact. It examines the challenges and 
limitations, regulatory landscapes, and real-world case 
studies, providing a comprehensive understanding of 
these groundbreaking advancements.[1-2] 
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‘Smart’ technology refers to the integration of computing 
and telecommunication technology into other technologies 
that did not previously have such capabilities. What makes 
a technology ‘smart’ is its ability to communicate and 
work with other networked technologies, and through this 
ability to allow automated or adaptive functionality as 
well as remote accessibility or operation from anywhere. 
Smart technology refers to devices, systems, or appliances 
that are connected to the internet and can communicate 
with each other or with users. When it comes to the 
realm of technology, the term “smart” signifies devices 
or systems that have advanced capabilities, can gather 
and process data, make intelligent decisions, and provide 
personalized experiences for users. It often involves the 
use of artificial intelligence (AI) and machine learning 
algorithms to enable devices to understand and respond 
to user behavior or environmental conditions.[3-5] 
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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 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. 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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Fig. 1: Review of Emerging Technologies

A. Key Components and Enabling Technologies

Smart technologies typically aim to simplify and automate 
tasks, optimize resource usage, enable communication 
and connectivity between devices, understand user 
preferences and adapt to individual needs, and enhance 
safety and security measures. 

1. Task Simplification and Automation: Smart 
tech aims to simplify and automate tasks. This 
includes features like remote controls, voice 
commands, and automated processes that save 
time and effort. 

2. Resource Optimization: Smart tech strives to 
optimize resource usage, reduce waste, and 
improve efficiency. This can be seen in energy 
saving features, automated scheduling, and data-
driven insights that help users make informed 
decisions. 

3. Connectivity and Communication: Smart 
tech enables devices to communicate and 
interact with each other, creating a connected 
ecosystem. This connectivity allows for seamless 
integration, synchronized experiences, and the 
ability to control and monitor multiple devices 
from a central hub. 

4. Personalization and Adaptability: Smart tech 
aims to understand user preferences and adapt 
to individual needs. Through machine learning 
and artificial intelligence, smart devices can 
learn user patterns, provide personalized 

recommendations, and tailor experiences to 
specific users. 

5. Safety and Security: Smart tech focuses on 
enhancing safety and security measures. This 
includes features like remote monitoring, real-
time alerts, and advanced encryption to protect 
user data and privacy. 

B. Historical Evolution and Milestones

The digital landscape has evolved dramatically over 
the past few decades, from the first personal computer 
in the 1970s to today’s Internet of Things (IoT). Our 
expectations of digital products and services have 
increased as well, to the point where we often cannot 
live our day-to-day lives without technology. Over the 
past two decades, the Internet of Things (IoT) became a 
foundation of the workplace. Office workers had already 
been using devices such as smartphones and laptops for 
some time, but the arrival of cloud computing, improved 
software and apps made them essential. Styles of 
working such as hot-desking also became more popular, 
requiring increased flexibility in the workplace.[6] 

Fig. 2: Deployment of smart technologies

The late 2010s saw a steady improvement in the hardware 
and software of the IoT. But it was the arrival of 2020 that 
brought a new set of challenges, which needed a new set 
of solutions. The COVID-19 pandemic saw the majority of 
people working from home for the first time, highlighting 
the reality of our reliance on technology. Information 
technology is revolutionizing products, transforming 
them into complex systems that combine hardware, 
sensors, data storage, microprocessors, software, and 
connectivity in myriad ways. These “smart, connected 
products” have unleashed a new era of competition, 
offering exponentially expanding opportunities for 
new functionality, far greater reliability, much higher 



Muhamad Nazri Borhan : Exploring Smart Technologies Towards Applications Across Industries

Ishrat Zahan Mukti,  , et al. :  1.8-V Low Power, High-Resolution, High-Speed Comparator With Low Offset Voltage Implemented in 45nm CMOS Technology

Journal of VLSI circuits and systems, , ISSN 2582-1458 20

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
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comparator structures for a variety of applications.
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concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
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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 
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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.
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Fig. 2: Schematic of the 45nm CMOS-based 
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product utilization, and capabilities that cut across and 
transcend traditional product boundaries.[7] 

Applications and Use Cases

A. Smart Cities and Urban Planning

Smart cities leverage innovative technologies to enhance 
urban services, sustainability, resilience, and the quality 
of life for citizens. The International Electrotechnical 
Commission (IEC) has developed a collection of use cases 
and analyses to guide smart urban planning, recognizing 
the complex nature of cities and the need for tailored 
solutions. IEC SRD 63320-1 outlines key application 
areas, stakeholder relationships, and a framework for 
collecting and analyzing use cases, facilitating consensus 
among stakeholders and extracting insights from global 
best practices.[8]-[9] 

B. Industrial Automation and Manufacturing

Smart manufacturing technologies, such as manufacturing 
automation software, data analysis, and interconnected 
systems, are transforming industries by enabling real-
time decision-making, increasing efficiency, and reducing 
waste. Companies across sectors like automotive (BMW), 
aerospace (Boeing), consumer electronics (Samsung), 
and construction (Caterpillar) are adopting advanced 
technologies like robotics, artificial intelligence (AI), 
drones, GPS, and AI-driven construction equipment to 
boost production, improve quality, and drive innovation. 

IoT-enabled systems can predict equipment failures, 
minimizing downtime and ensuring smoother production 

flows. RFID tags provide real-time supply chain visibility, 
aiding inventory management. AI and data analytics help 
predict equipment breakdowns, allowing for preemptive 
maintenance. Generative AI optimizes design processes, 
while computer vision enhances quality control. 
Augmented reality (AR) improves repair accuracy and 
speeds up maintenance, while virtual reality (VR) 
facilitates employee training and remote collaboration. 
3D printing enables the fabrication of lightweight and 
intricate components, reducing material wastage. Edge 
computing reduces latency and improves response times. 
Digital twins model and optimize product and process 
performance. 5G enhances manufacturing applications 
through high-speed data transfer and low latency. 
Blockchain and smart contracts streamline processes and 
communication. CNC machining enables the production 
of complex parts with high precision.[10-13] 

C. Healthcare and Telemedicine

Smart technologies are transforming healthcare, enabling 
remote monitoring, telehealth, and improved patient 
care. Wearable devices and biosensors continuously 
monitor patients’ conditions, allowing healthcare 
providers to make proactive care decisions based on 
data trends and predictions. Connected inhalers help 
patients track usage and maintain healthy schedules. 
Biosensors aided in tracking the spread of COVID-19 by 
monitoring patients and detecting symptoms. Telehealth 
became a popular choice during the pandemic, enabling 
virtual consultations, prescriptions, and follow-up visits. 
Medical portal technology facilitated secure online 
healthcare portals for tracking treatment, storing health 

Fig. 3: Internet of Things Solution for Smart Agriculture
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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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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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records, and accessing data from wearable devices or 
clinic visits. Connectivity improves emergency care 
response times by enabling faster communication, video 
calls with doctors, quicker access to patient histories, 
and easier hospital admittance.[14-15] 

From the above Fig. 3, smart hospital management 
systems improve efficiency, patient experience, and 
resource management by connecting digital systems 
and tracking operational data like bed occupancy, 
device usage, equipment status, and supply counts. The 
Internet of Things (IoT) streamlines hospital operations 
by optimizing asset tracking, energy management, 
and patient flow. Artificial Intelligence (AI) expedites 
diagnostic processes, enables predictive analytics 
for identifying potential health risks, and automates 
administrative tasks like billing and data entry. Mobile 
Health (MHealth) applications empower patients to 
actively participate in their well-being through remote 
patient monitoring, telehealth services, fitness tracking, 
nutritional guidance, and medication management. 
Telehealth redefines communication in healthcare by 
overcoming geographical constraints, enhancing patient-
physician interactions, facilitating timely interventions, 
and reducing the need for physical hospital visits. 
Extended Reality (AR and VR) technologies offer 
immersive solutions for medical training, surgical 
planning, pain management, and rehabilitation 
exercises. Blockchain technology ensures the integrity 
of patient records, facilitates secure sharing of health 
information, and streamlines processes like insurance 
claims and billing through smart contracts. AI can also 
be used to recognize and diagnose diseases within test 
results, significantly reducing wait times. 

D. Smart Homes and Connected Devices

A smart home integrates internet-connected devices 
to enable remote monitoring and management of 
appliances and systems, such as lighting, heating, 
security, and entertainment. These devices communicate 
and work together to create a remotely controllable 
network, often controlled through a smart home hub or 
voice assistants like Amazon Alexa or Google Assistant. 
Smart home devices can be programmed to follow 
schedules, respond to voice commands, or adapt to 
user preferences and patterns through machine learning 
and AI. Smart home technologies encompass various 
aspects of domestic life, including smart TVs, lighting 
systems, thermostats, door locks, security cameras, pet 
and lawn care, kitchen appliances, household monitors, 
and smart plugs. These technologies offer advantages 
such as convenience, comfort, peace of mind, 
improved efficiency, resource and cost savings, and task 

management. However, challenges include the need for 
a reliable internet connection, perceived complexity, 
lack of standards, security and privacy concerns, and 
expense. Newly built homes often incorporate smart 
home infrastructure, while older homes can be retrofitted 
with smart technologies. Common communication 
protocols include Zigbee and Z-Wave, which use mesh 
network technologies and short-range radio signals to 
connect smart home systems. The Matter standard, 
launched in 2022, aims to solve compatibility challenges 
and facilitate seamless communication across devices, 
apps, and cloud services.[16-17] 

Challenges and Limitations
A. Privacy and Security Concerns

Smart technologies, while offering numerous benefits, 
also raise significant privacy and security concerns. As 
these devices collect and transmit data, there is a risk 
of unauthorized access, data breaches, or cyberattacks 
that could compromise sensitive information. Some 
specific concerns include:

1. Data Privacy: Smart home devices can share data 
with other devices, apps, or services, potentially 
exposing personal information to more parties 
and increasing the risk of data breaches. User 
manuals often fail to address privacy concerns 
adequately, leaving users uninformed about data 
collection and usage practices. 

2. Hacking Vulnerabilities: Hackers can exploit 
software, firmware, or hardware vulnerabilities 
in smart devices to gain unauthorized access, 
spy on users, or cause damage. For instance, 
baby monitors and security cameras have been 
hacked, allowing criminals to monitor activities 
inside homes. 

3. Distributed Denial of Service (DDoS) Attacks: 
Compromised Internet of Things (IoT) devices 
can be used in DDoS attacks, flooding targeted 
websites or servers with traffic and causing 
disruptions to the entire network. 

4. Exposed Interfaces and Ports: Smart devices 
often have vulnerable web interfaces and 
exposed ports, which can be targeted by 
malicious actors, even without direct connection 
to the home network. 

While companies prioritize data protection through 
encryption, masking, tokenization, and resilience 
measures, ensuring privacy and security remains a 
pressing challenge as emerging technologies become 
more prevalent. 
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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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B. Interoperability and Standardization Issues

The lack of interoperability and standardization across 
smart technologies poses significant challenges, leading 
to operational inefficiencies and increased costs. Some 
key issues include:

1. Lack of Common Standards: Devices and systems 
often operate on different frequencies and 
use various communication protocols, such as 
Zigbee, Bluetooth, and Wi-Fi, hindering seamless 
integration and communication. 

2. Proprietary Technologies: Many manufacturers 
develop proprietary protocols and standards 
to differentiate their products, creating closed 
ecosystems that are incompatible with other 
systems. This results in vendor lock-in scenarios, 
limiting flexibility and choice for consumers and 
businesses. 

3. Data Management and Ownership: Handling 
the massive volumes of data generated by IoT 
devices presents challenges in data management, 
storage, analysis, and compliance with varying 
legal and regulatory environments across 
different jurisdictions. 

Addressing interoperability and standardization issues 
is crucial for unlocking the full potential of smart 
technologies and enabling a seamless ecosystem. 
Industry-wide collaboration and the adoption of common 
standards are necessary to simplify integration and 
facilitate scalability as in Fig. 4. 

C. Ethical and Societal Implications

The rapid advancement of smart technologies also raises 
ethical and societal concerns that must be addressed: 

1. Job Displacement: Automation and AI 
technologies have the potential to displace 
human workers, particularly in industries relying 
heavily on manual labor. Reskilling initiatives and 
training programs are needed to help workers 
transition to new roles and industries. 

2. Bias and Discrimination: AI and machine learning 
algorithms can perpetuate biases present 
in the data they are trained on, leading to 
discrimination against certain groups. Ensuring 
diversity and inclusivity in teams and data sets is 
crucial to prevent bias. 

 
Fig. 4:  Acceptance of Smart Technologies
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been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
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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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3. Social Inequality: If emerging technologies are 
accessible only to the wealthy or privileged, 
they could exacerbate existing inequalities and 
create a digital divide. Efforts must be made 
to ensure equal access to technology across all 
segments of society. 

As smart technologies continue to transform various 
aspects of life, addressing these ethical and societal 
implications is essential to ensure their responsible 
development and deployment, promoting inclusivity, 
fairness, and equal opportunities for all [18]-[19].

Emerging Trends and Future Directions
A. Internet of Things (IoT) and 5G Networks

The Internet of Things (IoT) is poised to revolutionize 
industries and aspects of daily life, enabling smart 
cities, industrial automation, healthcare, and connected 
homes. By 2025, the number of connected IoT devices 
worldwide is expected to reach 75 billion. This “Massive 
IoT” will generate an unprecedented volume of data that 
cities can analyze locally to make informed decisions and 
optimize services. 5G technology, with its higher speeds, 
lower latency, and ability to connect multiple devices 
simultaneously, is expected to unlock the potential of 
the IoT and drive the development of smart cities. Key 
features of 5G that will impact digital experiences and 
smart cities include:

1. Reduced latency, compressing the time between 
sending and receiving signals to as low as 1 
millisecond, enabling real-time data transfer. 

2. Increased device density, allowing up to one 
million connections per square kilometer. 

3. Support for “Machine-Type Communication” 
(MTC), differentiated into “massive Machine-
Type Communication” (mMTC) for scalable 
connectivity and “ultra-reliable Machine-Type 
Communication” (uMTC) for low-latency, reliable 
network services. 

While 4G-based Narrowband IoT (NB-IoT) and LTE for 
machine-type communication (LTE-M) currently support 
massive IoT applications, the full potential of 5G’s 
Massive IoT capabilities is expected to be introduced 
in 2020-2021. 5G will pave the way for developing and 
deploying new smart city applications, from monitoring 
air quality and traffic patterns to smart parking, crowd 
management, and emergency response.[20-21] 

B. Artificial Intelligence and Machine Learning

Artificial Intelligence (AI) and Machine Learning (ML) are 
at the heart of many technologies we use today, including 

smart devices, voice assistants, and chatbots. AI-enabled 
programs can analyze and contextualize data, automate 
tasks, accelerate decision-making, and enable customer 
conversations without human interference. Machine Learn-
ing is a pathway to AI, using algorithms to automatically 
learn insights and recognize patterns from data, making 
increasingly better decisions. Deep Learning, an advanced 
ML method, uses large neural networks to learn complex 
patterns and make predictions independent of human in-
put. AI and ML have numerous applications across indus-
tries, including email management, mobile check deposits, 
plagiarism detection, credit risk assessment, social media 
personalization, online shopping recommendations, fraud 
detection, spam filtering, financial advising, search optimi-
zation, targeted advertising, traffic routing, voice recogni-
tion, autopilot systems, smart home automation, ride-shar-
ing services, personalized education, and virtual assistants. 

C. Edge Computing and Fog Computing

Edge computing brings processing and storage systems 
as close as possible to the data source, minimizing 
processing time and reducing the need for internet 
bandwidth. This enables real-time data processing, 
enhances security, and supports applications in remote 
locations with unreliable connectivity. Fog computing 
places a decentralized computing layer between the data 
source and the cloud, bringing processing power closer 
to where data is extracted. It bridges the gap when edge 
devices lack the computing power for advanced tasks 
like machine learning and analytics, which the cloud can 
handle more efficiently. Both edge and fog computing 
help overcome challenges arising from data throughput 
restrictions and the number of connected devices, 
minimizing bandwidth requirements and associated 
costs. They also enable near-real-time response times 
for time-sensitive applications and facilitate compliance 
with data processing and storage regulations like GDPR 
by processing and encrypting data within mandated 
jurisdictions. While edge computing typically occurs 
on employee endpoints or IoT devices, fog computing 
reduces the load on both edge and cloud computers, 
undertaking processing tasks from both sides. Fog 
computing is often deployed in time-sensitive, high-
volume, resource-intensive data processing applications 
from dispersed device networks, enhancing network 
efficiency without the latency and congestion associated 
with a direct edge-to-cloud connection [22]-[23]. 

Impact on Industries and Sectors
A. Transforming Traditional Industries

Smart technologies are transforming traditional 
industries, driving unprecedented levels of innovation 
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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

Innovative Reviews in Engineering and Science| July-Dec 2025 16

and efficiency. The adoption of the Internet of Things 
(IoT), artificial intelligence (AI), big data analytics, 
robotics, and renewable energy integration is 
revolutionizing sectors like manufacturing, agriculture, 
construction, healthcare, energy, food and beverage, 
retail, and even the coffee industry. In manufacturing, 
smart technologies such as automation, IoT sensors, 
and real-time data analytics are optimizing production 
processes, enhancing quality control, reducing 
operational costs, and facilitating seamless coordination 
along the entire supply chain. Machine learning models 
and data visualization aid data analytics processes, 
enabling manufacturers to comprehend insights from 
massive data sets. Digital twins, virtual representations 
of real-world products or systems, allow companies to 
better understand, analyze, and optimize their processes 
through real-time simulation. The agriculture industry 
has embraced precision farming, leveraging drones with 
advanced sensors, GPS technology, and sophisticated 
data analytics to monitor crop health, optimize 
irrigation, and improve yields with unprecedented 
precision. In healthcare, telemedicine, remote patient 
monitoring, predictive analytics, and AI-powered 
diagnostics are revolutionizing patient care, leading to 
improved outcomes and significant cost reductions. 

The retail industry is creating immersive and personalized 
shopping experiences through AI-powered chatbots, 
recommendation engines, and IoT sensors that track 
in-store customer behavior, enhancing engagement, 
streamlining inventory management, and optimizing 
supply chain operations. Even traditional industries like 
coffee production and retail are benefiting from IoT 
devices that monitor plant conditions and mobile apps 
that enable seamless ordering and payment processes, 
enhancing the customer experience. 

B. New Business Models and Opportunities

Fig. 5: Smart Technology Applications

Smart, connected products are reshaping industry 
structures and the nature of competition, exposing 
companies to new opportunities and threats. They are 
redefining industry boundaries and creating entirely new 
industries, forcing companies to reevaluate their core 
business and strategic choices related to value creation, 
data utilization, partner relationships, and industry 
positioning. These products can function autonomously, 
with human operators merely monitoring performance 
or overseeing fleets or systems, rather than individual 
units. New entrants face high barriers to entry, including 
complex product design, embedded technology, and 
IT infrastructure costs, as well as the challenge of 
accumulating and analyzing product data to improve 
offerings and services. However, incumbents may 
hesitate to fully embrace smart, connected products, 
preferring to protect legacy businesses, opening doors 
for new competitors with innovative, “productless” 
business models. 

New business models enabled by smart, connected 
products can create substitutes for product ownership, 
reducing overall demand. Product-as-a-service models 
allow users to pay only for the amount of product 
they use, while shared-usage models, like car-sharing 
services, substitute for ownership altogether. Smart, 
connected products are also reshaping supplier 
relationships and redistributing bargaining power. As 
software and connectivity components deliver more 
value relative to physical components, traditional 
suppliers may face commoditization or replacement 
by software, reducing their importance and bargaining 
power. Simultaneously, new suppliers of sensors, 
software, connectivity, and data analytics emerge as 
powerful players, allowing them to capture a bigger 
share of overall product value.[24] 

C. Workforce Implications and Skill Requirements

As digitization, automation, and AI change the face of 
work, companies are realizing the importance of upskilling 
and reskilling existing employees as their job functions 
evolve.  At the pace of technological advancements, 
executives see the urgency in upskilling and reskilling 
their workforce to adapt to new tasks and bring value 
in an AI-driven landscape. The gap between the demand 
and supply of highly skilled talent is widening, while 
industry standards for advanced technical skills continue 
to evolve.  Companies with upskilling programs have 
witnessed increased productivity and engagement, as 
employees feel confident in their job security and career 
progression.  Upskilling existing employees is also cost-
effective compared to hiring and training an entirely 
new team. 
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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 
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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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However, many business leaders feel unprepared to 
address potential skill gaps, citing issues in existing 
HR infrastructure that make implementing successful 
reskilling programs difficult.  Executives also struggle 
to predict how job roles will change and what talent 
will be required in the next decade.  Traditional training 
methods often fail to deliver desired results, focusing 
too much on theory rather than practice and providing 
no clear pathway to new work. Investing time and 
money into reskilling and upskilling existing employees 
is crucial for companies to remain agile and adaptive 
to future technological advances.  Embedding upskilling 
into the company culture, accurately representing the 
organization’s mission, can encourage employees to 
be more productive and proactive in improving their  
skills. 

Regulatory and Policy Landscape
A. Data Privacy and Protection Regulations

Smart technologies, while offering numerous benefits, 
raise significant privacy and security concerns as these 
devices collect and transmit data, increasing the risk of 
unauthorized access or data breaches. To address these 
risks, companies prioritize data protection through 
encryption, masking, tokenization, and resilience 
measures. SMART Technologies upholds high privacy 
standards, with privacy being a core component of their 
software design. They observe all local and federal 
legislation, including FERPA, COPPA, SOPPA, and GDPR. 
SMART performs quarterly internal security audits and 
annual third-party audits, including penetration testing 
assessments, with publicly available reports. 

B. Cybersecurity and Risk Management Frameworks

Cybersecurity risk management is an ongoing process 
of identifying, analyzing, evaluating, and addressing 
an organization’s cybersecurity threats. The National 
Institute of Standards and Technology (NIST) has 
developed frameworks to guide risk assessments, 
such as NIST Special Publication 800-30 and the NIST 
Cybersecurity Framework (CSF). The NIST CSF provides a 
set of recommended security actions across five critical 
functions: identify, protect, detect, respond, and recover. 
It recommends steps like identifying asset vulnerabilities, 
monitoring cyber threat intelligence, documenting 
threats, assessing potential impacts, determining 
risk, and prioritizing risk responses. Other popular 
frameworks include the International Organization for 
Standardization (ISO) 27001, the Department of Defense 
(DoD) Risk Management Framework (RMF), and the 
Factor Analysis of Information Risk (FAIR) framework. 
These frameworks offer standardized best practices and 

guidelines for systematically managing cybersecurity 
risks across various industries and sectors.

C. Intellectual Property and Standardization Efforts

The United States’ robust intellectual property (IP) rights 
system and the innovative zeal of its entrepreneurs 
are crucial for maintaining the nation’s technological 
leadership, competitiveness, and security. Standards and 
IP protection, particularly patents, promote innovation, 
interoperability, and safety, while encouraging 
collaboration and sharing of new ideas. Standards-
essential patents (SEPs) and their licensing are common 
in the mobile-wireless and telecommunications industry, 
as well as emerging technologies like the Internet of 
Things (IoT), connected cars, autonomous vehicles, and 
artificial intelligence. To mitigate anti-competitive risks, 
SEP owners often make a commitment to offer licenses on 
fair, reasonable, and non-discriminatory (F/RAND) terms. 
The 2021 Draft Policy Statement from the Department of 
Justice (DOJ) and the U.S. Patent and Trademark Office 
(USPTO) outlines steps for SEP holders and implementers 
in negotiations, potentially limiting the availability of 
injunctive relief for SEP owners. However, concerns have 
been raised that devaluing SEPs could undermine the 
ability of U.S. companies to compete globally, discourage 
contributions to global standards bodies, and cede U.S. 
leadership in setting standards for future technologies. 
Protecting IP rights, including SEPs, plays a fundamental 
role in ensuring companies are compensated and 
incentivized to contribute their inventions to global 
standards. A balanced approach is needed to maintain 
a robust, rules-based, and private sector-led standards 
ecosystem while fostering innovation and technological 
leadership.

Case Studies and Real-World Examples

Smart technologies are transforming industries and 
enhancing daily life through compelling real-world 
applications and case studies as in Fig. 6. 

A. Healthcare and Telemedicine

Smart wearables played a pivotal role in the world’s 
largest heart-health research project, screening 
10,000 people for suspected atrial fibrillation with 94% 
accuracy. Conducted by Huawei technologies, the study 
showcased the profound impact of smart technology 
in healthcare. Smart wearable devices collected heart 
signals from consenting subjects to detect abnormal 
heart rhythms, sending the data to a cloud server where 
AI notified medical management through a shared 
platform. Remote monitoring of patients’ healthcare 
conditions is a growing trend extending beyond 
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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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Fig. 6: Applying Adaptive Security Techniques

traditional settings. Smartwatches and fitness trackers 
have become mainstream, monitoring health factors like 
heart rate, blood oxygen levels, irregular heartbeats, 
and more. Healthcare providers leverage connected 
devices to continuously monitor patients’ conditions 
and make proactive care decisions based on data trends 
and predictions. For example, connected inhalers help 
patients track usage and maintain healthy schedules, 
potentially saving lives. Telehealth, a key component 
of smart hospitals, redefines healthcare communication 
through digital transformation. By overcoming 
geographical constraints, telehealth enhances patient-
physician interactions, facilitates timely interventions, 
and reduces the need for physical hospital visits. Video 
consultations and remote monitoring foster healthcare 
accessibility, efficiency, and continuity beyond 
traditional settings. Telehealth also benefits patients 
managing chronic diseases through regular virtual 
check-ins, personalized care plans, and daily reminders, 
while providing critical access to medical advice during 
emergencies. 

B. Industrial Automation and Manufacturing

Bosch, a leading provider of IoT solutions for 
manufacturing, offers Industry 4.0 solutions designed 
to digitize and optimize production processes. One 
such solution is Bosch’s predictive maintenance system, 

which uses IoT sensors to monitor equipment conditions 
in real-time and predict potential failures before they 
occur. By implementing this system, manufacturers can 
minimize downtime, reduce maintenance costs, and 
prolong the lifespan of their assets. 

C. Smart Cities and Urban Planning

Barcelona has emerged as a pioneer in the smart city 
space, leveraging IoT technology to enhance various 
aspects of urban life. The city has implemented an 
extensive network of sensors and connected devices to 
monitor traffic flow, manage parking spaces, optimize 
public transportation routes, and improve air quality. 
By harnessing data insights generated by IoT devices, 
Barcelona has reduced congestion, minimized energy 
consumption, and enhanced the overall quality of life 
for its residents. 

Conclusionm

Smart technologies are revolutionizing industries by 
enabling automation, enhancing efficiency, and fostering 
data-driven decision-making. The integration of the 
Internet of Things (IoT), artificial intelligence (AI), 
big data analytics, and blockchain has facilitated the 
development of smart factories, cities, and healthcare 
systems, demonstrating significant improvements in 
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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 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. 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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productivity and service quality. These technologies offer 
transformative benefits, such as real-time monitoring, 
predictive maintenance, personalized services, and 
secure transactions. However, challenges including 
data privacy, security concerns, substantial investment 
requirements, and the need for skilled personnel must 
be addressed to fully realize their potential. Ongoing 
research, development, and strategic implementation are 
crucial for overcoming these challenges and maximizing 
the benefits of smart technologies. As industries continue 
to adopt and integrate these innovations, they will pave 
the way for more sustainable, efficient, and advanced 
operational landscapes, ultimately driving economic 
growth and improving quality of life.
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