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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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Abstract
This article highlights the significance of Very Large Scale Integration (VLSI) technology 
in the digital economy. VLSI technology has made noteworthy inroads into economic 
development. The article’s spatial contextualization explores the applications of VLSI 
technology in different economic sectors. The research scrutinizes the efficacy of 
using VLSI technology in terms of cost, new product development, operationalization, 
competitiveness, economies of scale, and time to market. The study also clarifies that the 
VLSI paradigm shift aligns with the digitalization of the economy. Aspirational industries 
such as health, telecommunications, and manufacturing are increasingly embracing the 
paradigm shift towards applying VLSI technology in implementing intelligent systems, 
communication tools, and compliance devices, leading to enhanced economic growth. 
The analysis provides evidence-based examples of VLSI technology applications and 
achievements from other countries. The emphasis on contextualization during the study 
was paramount to help the reader grasp the significance of VLSI technology in the digital 
economy and assess the implications of extending its application in various critical 
sectors. Unveiling the regional initiatives undertaken by key sustainable development 
goals is geared towards developing robust partnerships that leverage VLSI technology for 
economic development. The context of the increasing transnational implementation of 
VLSI technology in various economic sectors necessitated a first-person narrative to aid 
the reader in understanding how and why VLSI technology has become critical in economic 
development. The study clarifies the strategies, approaches, and operationalization 
concerning VLSI technology, including its capabilities in streamlining operations, enhancing 
competitiveness, time to market, value innovations in health, and delivering efficiencies 
in manufacturing scenarios. 
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Introduction
Technological innovations have drawn growing attention 
as an important factor for economic development in the 
digital economy (Halkiv et al., 2020). Very Large Scale 
Integration (VLSI) technology has played a significant part 
in this trend, and the improvement in the performance 
and capabilities of all electronic systems has blessed 
our modern lives. Technical support in developing VLSI 
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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 

is vital for almost every sector in our economies that 
are currently shifting to digital economies. For these 
reasons, VLSI technology has become a hot topic for 
researchers, industry workers, and policymakers.

VLSI represents the process of producing integrated circuits 
where thousands or millions of transistors are placed on 
a single chip, revolutionizing electronics development 
by lowering costs while increasing performance and the 
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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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number of features incorporated into a component. The 
impacts of VLSI on innovation have been incredibly wide-
ranging, from use in telecommunications components to 
consumer electronics to automotive control systems to 
healthcare monitoring tools and everything in between 
(Figure 1).

Fig. 1: Applications of VLSI Technology*

*Source: GeeksforGeeks platform, 2024

VLSI technology advances enterprises to improve 
product development, increase operational efficiencies, 
and enhance innovation to advance in the global market 
competition. It comes with challenges. For example, 
the skill gap is a problem in adapting to digitalization, 
which results in a need for more highly technical ICT 
professionals with skills. So, organizations have to fund 
more capital to implement these complicated systems. 
There is also rapid technological change that constantly 
occurs from time to time. This is a typical holdback for 
the growth of enterprises.

The main purpose of this article is to describe the 
effects of digitalization in featuring VLSI technology for 
economic development and reaching sustainable growth. 
Relying on case studies and the latest research work, we 
will reveal the role of VLSI technology in transforming 
business activities through business digitization, 
subsequently improving productivity and contributing to 
sustainable economic growth. Besides, other strategic 
frameworks and policies we will discuss need to be 
designed for VLSI features to be adopted appropriately 
by economic structures.

In line with this purpose, the research objectives are 
threefold: 

1. To assess the current progress of industries’ 
adoption of VLSI technology and its overall 
impact on economic performance. 

2. Point out the essential obstacles that an 
organisation needs to overcome to integrate a 
VLSI solution in terms of the technical, financial, 
and manpower capacity perspectives.

3. To provide suggested actions that organizations 
and policymakers can take to ensure that VLSI 

technology is utilized in socially beneficial ways 
while continuing to build a workforce that can 
support emerging technologies. 

By situating the development of VLSI technology in the 
context of economic growth, this article will enrich the 
academic and policy discussion on the multifaceted role 
of digital transformation and innovation management 
going forward. Understanding the transformative power 
of VLSI technology in the digital economy can help 
guide the choices that stakeholders make to improve 
competitiveness and promote sustainable growth.

Theoretical Framework

Much work has gone into tracing Very Large Scale 
Integration (VLSI) technology from its origins within 
the specific vocabulary of the US semiconductor and 
computer industry to economic development and 
digitalization more broadly. In the fierce race to lure the 
frontiers of information technology and competitiveness, 
many industries worldwide have tried to see VLSI as a 
key opening for promoting innovation and growth (Miller, 
2022).

The transformative power of Very Large Scale 
Integration (VLSI) technology, enabling the fabrication 
of hundreds of thousands to millions of transistors on a 
single microchip, is a critical advance in semiconductor 
electronics (Figure 2). 

Fig. 2: VLSI Process*

*Source: GeeksforGeeks platform, 2024

This technology has revolutionized not only the electronics 
industry but also computing, telecommunications, and 
consumer electronics. It has driven what some now call 
the digital economy, inspiring innovation and economic 
growth across various industries.

According to Bansal et al. (2022) the path to VLSI started 
when the first integrated circuit (IC) was invented in the 
1960s, which allowed several electronic circuits to be 
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embedded in a single silicon wafer. This was a major 
leap toward miniaturized device design, allowing for 
semiclassical devices, which must work at a higher level 
of abstraction. Unlike the historical transistor IC design, 
where each new circuit would be rigorously designed 
from scratch as standard transistors, the new approach 
focused more on the complex design of the entire chips, 
which could perform high-level calculations at a speed 
never before realizable. The term VLSI started to be 
used widely in the late 1970s (Kambhampat et al., 2021). 
Hence, VLSI became an engineering design paradigm for 
circuit miniaturization (Iwai, 2021).

As technological developments continued (Dziurakh 
et al., 2024), we further scaled up into small-scale 
integration (SSI), medium-scale integration (MSI), 
large-scale integration (LSI), and finally, very large-
scale integration (VLSI). The scaling up led not only 
to a dramatic increase in circuit density but also to 
improvement in performance (speed), power, and cost 
(forming the all-important product of power delay, 
which measures a circuit’s performance), such that ICs 
could be manufactured at lower cost and higher yields.

The methods used to design VLSI involve semiconductor 
physics and microfabrication processes such as doping, 
lithography, etching, and deposition, among others 
(Huff, 2021). These are used to build the complex layout 
and structures required in VLSI to achieve very complex 
computations. Amuru et al. (2023) state that its ability 
to provide computational performance while being very 
compact regarding physical implantation is due to using 
silicon as a substrate, harnessing its semiconducting 
behavior. Due to this, combined with intricate physical 
structures like transistors, electrical currents can be 
controlled accurately, voltage logic states can be stored, 
and computations can be performed.

VLSI builds on combinatorial and sequential logic, 
memory elements, and input/output interfaces on 
one silicon chip (Lee, 2022). By shrinking the size of 
the physical component and simultaneously increasing 
functional capability, the silicon chip improves 
over other inventions. Subsequent improvements in 
fabrication technologies, such as photolithography and 
chemical vapor deposition, allow manufacturers to 
create increasingly smaller transistors with an increase 
in packing density and improved device performance.

Consumer electronics, a part of our daily lives, heavily 
relies on VLSI chips. These chips power the smartphones, 
tablets, and laptops that many of us use (Kandpal& Singh, 
2022). They also support systems on a chip that enable 
tasks as simple as basic telecommunication and as complex 
as artificial intelligence. The telecommunications and 

data-processing infrastructure that allows all this to 
happen in real time, all over the world, is also powered 
by VLSI technology.Also, embedded processing systems 
using VLSI technology are integral to a variety of other 
important fields in the engineering community, including 
automotive (such as vehicle safety and antiskid braking 
systems), medical devices (such as medical imaging and 
ingestible devices for data collection) and smart-home 
technologies (such as automated appliances, smart TVs 
and gaming consoles) (Wishar et al., 2020). Innovations 
in VLSI have led to smart sensors and controllers that 
improve safety (adaptive cruise control, automated 
collision avoidance), efficiency (engine-management 
systems), and usability (rear-seat entertainment).

The rapid adoption of VLSI has been a key driving force 
of innovation and has altered economic dynamics. A 
study by Anderson (2020) has revealed that integrating 
VLSI into product development has brought about higher 
productivity, reduced production costs, and supported 
economic growth in various industries. In addition, 
Mayberry (2020) indicated that the global move towards 
digitalization has accelerated the demand for starting up 
technological infrastructure and connectivity using VLSI.

The development of VLSI technology has been a 
revolutionary force in the history of technology that has 
dramatically changed the economics of many industries. 
It enabled the production of microprocessors with large 
numbers of transistors (currently 10 billion or more) 
integrated into a single lithographic design on a chip, 
and it has transformed the economics of many industries 
(Liu, 2021).

Cigolini et al. (2022) found that firms using a VLSI 
system reported increased production efficiency of 
between 20 percent and 40 percent, primarily due to 
shorter cycle times and product quality improvements 
enabled by automation and real-time smart systems. 
Benefits from increased productivity include decreases 
in production costs and increases in profitability. 
Moreover, according to SIA (2020), the semiconductor 
industry, the bedrock of VLSI technology, has emerged 
as a key driver of global economic growth. In 2020, this 
industry generated over 500 billion USD in revenue (SIA, 
2020). The US semiconductor industry alone contributed 
approximately 200 billion USD to the US economy. The 
innovations spurred by VLSI advancements not only 
enhance the performance of individual companies but 
also bolster other supply chains through competition and 
economies of scale (Oliver, 2024). This, in turn, fosters 
job creation and stability in adjacent industries such as 
consumer electronics, automotive, telecommunications, 
and health care.



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

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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Synergy delivered by VLSI technology nurtures a spirit of 
innovation. It is also crucial in sustaining a competitive 
edge, an increasingly critical factor in today’s economy, 
where technological progress and innovation continuously 
lead to developing new products and services. Xiaobo 
et al. (2023) noted that, in this way, firms investing in 
VLSI innovation benefit from a strategic competitive 
advantage as technological advance gives rise to 
new opportunities that cater to fast-evolving market 
demands. Here, one can think of artificial intelligence, 
the Internet of Things (IoT), and the capture of energy 
efficiencies as a few candidates where VLSI technologies 
are increasingly being used to help organizations improve 
the functionality of their products and services to meet 
emerging market needs.

As global competition grows, organizations that 
successfully leverage VLSI technology can be expected 
to innovate faster to differentiate their offerings 
(Hernández et al., 2022). If successful, this will allow 
such companies to be more responsive to changing 
regulatory requirements and the needs of their end-user 
populations. Companies under significant competitive 
pressure seek to improve their operational capabilities 
in order to maintain relevance in the marketplace.

Sectors that depend on VLSI produce more recession-
resilient output. Historically, the backdrop of technology 
integration prompted by the recession played a role in 
facilitating firms’ resilience to the pandemic-induced 
lockdowns (Kotasthane& Manchi, 2023). It has proved to 
be an essential cadence regarding the role of technology 
systems in modern economies. In times of high demand, 
firms with more advanced technological systems can 
ramp up the production of consumer electronics and 
other technologies to accommodate bursts in demand. 
But in difficult times, firms with more digital technology 
are typically better positioned to pivot to facilitate 
remote working and online consumption demands (Sanasi 
& Ghezz, 2024). This type of technological resilience, 
which paves the way for increased automation in the 
workplace, serves as a source of overall technological 
resilience. In particular, it appears that today, firms that 
use VLSI technologies are more broadly financially stable 
than more technologically laggard firms – especially in 
response to a financial crisis, which could make them 
more resistant to recession.Even more importantly, 
innovative, ongoing technological revolutions tethered 
to VLSI systems also create new markets, jobs, and 
revenue streams (Clarke, 2022). The increasing global 
demand for EVs and renewable energy solutions, for 
example, is sparking new investments and activities in 
the semiconductor industry due to the innovations in 
VLSI technology required to address those trends.

VLSI technology is known for its many benefits, but 
researchers have pointed to numerous constraints 
regarding its adoption. Mouré (2022) recognized 
in his study that there are high capital investment 
constraints for small firms that are interested in 
adopting technologies such as VLSI. Kotasthane& Manchi 
(2023) point out that the skills shortage – that even 
though the technologies are advancing at incredible 
speeds, the various systems, such as schools, colleges, 
universities, etc., are not keeping up with the speed of 
technological change and do not prove to be sufficiently 
relevant to build professionals who are experts in VLSI 
design and deployment. Therefore, this challenge also 
provides the opportunity to revisit the quality and 
design of educational programs and training initiatives 
on semiconductor technology and VLSI design. With 
this, we can create a trained workforce supporting the 
adaptation process in different sectors.

Methodology

The article explains how digitalization is becoming a 
transformative force of economic development using 
the action (VLSI) technology framework. The systematic 
literature review methodology allows the exploration 
of such insights to be predefined, structured, and 
transparently based on an exhaustive search of published 
literature and empirical studies alongside theoretical 
frameworks on these subjects. Specifically, the research 
focuses primarily on synthesizing findings from different 
sources to demonstrate how VLSI technology acts as a 
force of innovation, productivity growth (and other 
issues), and the development outcome of the digital 
economy in general.

Search Strategy: Between the keywords’VLSI technology,’ 
‘economic development,’ ‘digitalization,’ ‘innovation,’ 
and ‘impact on industries’ and ‘VLSI technology,’ and the 
inclusion and exclusion criteria, we conducted a well-
rounded and evidence-rich study of the reserach issue 
with a structured literature search in central academic 
databases of which we tested: Google Scholar, IEEE 
Xplore, ScienceDirect, Scopus, and JSTOR. We showed 
that the VLSI integration is one of the most important 
transformative developments for the economies and the 
social change in the world and explained the massive 
impact it had on the various industries since then.

Sample Criteria: In the selection process, papers were 
included based on the following criteria:

1. Re levance to the impact of VLSI technology on 
economic development and digitalization.

2. Publication within the last ten years to capture 
recent advancements and trends.
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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 

69

Halyna Yaremko et al. : Transforming Economic Development through VLSI Technology in the Era of Digitalization 

3. Analysis of empirical data, empirical research, 
case-study examples, real-time video examples, 
or design practice in applying VLSI technology to 
sectoral industries.

4. Articles published in reputable peer-reviewed 
journals ensure the information’s credibility and 
quality.

Facts Extraction and Analysis: From the selected studies, 
key information was extracted, including:

1. Authors and year of publication.

2. Methodologies employed in the research.

3. Findings related to economic performance, 
productivity enhancement, and innovation 
catalyzed by VLSI technology.

4. Discussions on barriers to implementation and 
future research directions.

Based on this, the data were structured for thematic 
analysis, and an in-depth exploration of the found 
sources made it possible to identify recurring patterns, 
emergent themes, and themes not represented in 
the literature. The identified occurring themes were 
category-coded into categories such as economic 
impact, improvement of productivity, frameworks of 
innovations, and challenges related to the introduction 
and utilization of VLSI technology.

Synthesis of Results: The data was synthesized into 
a description summarising the symmetry of VLSI, 
digitalization, and economic development. Narrative 
synthesis linked together the impacts documented in 
separate studies and gave context to the total picture. 
By employing a systematic research methodology, we 
strive to enhance the experience of the transformative 
nature of VLSI technology in digitalizing economic 
development. In addition to evaluating its social impacts 
in advance, this research will provide suggestions for 
researchers, practitioners, and policymakers about 
how to benefit from this proven technology in today’s 
digital economy. Besides identifying the challenges and 
learning some promising trends, this study can define 
new research possibilities and implications, stressing the 
importance of integrating VLSI technology into today’s 
economic structure.

Results and Discussion
VLSI has become an important technology for improving 
the economic performance of many industries, 
particularly electronics and manufacturing. The adoption 
of VLSI technologies has led to changes in the operational 
efficiency of many firms worldwide, contributing to 
about 85% of successful companies (Yeung et al., 2023).

The statistics below from recent polls demonstrate 
the magnitude of productivity advances companies are 
experiencing due to VLSI miniaturization. On average, 
according to Panda et al. (2022), surveyed companies 
have seen an improvement in productivity (23%), partly 
because VLSI technology allows for automating processes 
and tasks, resulting in faster production rates and less 
human input. In the semiconductor industry, VLSI provides 
for fabricating more devices in less time and with fewer 
errors. In addition, the VLSI data analytics capacity will 
enable firms to monitor and analyze production metrics 
in real-time and, through immediate access to data, 
make near-term adjustments to production variables and 
resource use, helping to optimize production efficiency 
and reduce downtime and other input wastage. In all 
these ways, VLSI systems still play an important role in 
producing things, as my doctoral research adviser used 
the fundamental purpose of any business: making stuff. 
The capacity to analyze patterns in operating data also 
opens up new frontiers for predictive maintenance so 
that the right people in the relevant firms can figure out 
how to stop a production line just before the machine 
fails.

These results are consistent with the productivity 
benefits that Mo& Li (2023) found had accrued to 
organizations in several industries adopting VLSI. They 
suggest that productivity improvements were not 
confined to manufacturing, which had earlier been 
chronologically constrained by those adopting VLSI. 
Indeed, their approach finds productivity improvements 
across manufacturing, telecommunications, and 
consumer electronics. Sales prices often declined, 
aided by improvements in efficiency leading to cuts 
in production costs. This is vital in the global market, 
where profit margins can be thin. These productivity 
improvements for businesses that adopt VLSI technology 
had important implications. It meant that companies 
can be more responsive to changing business conditions. 
In the case of an economic downturn, or worse a 
supply chain disruption, a firm that has leveraged VLSI 
technology can better switch and focus on producing 
goods where demand is high, potentially preventing a 
revenue disaster. This adaptability provides a sense of 
reassurance in the face of uncertainty.

There may be some one-off productivity boosts, but 
probably the biggest impact is in the long-term. Using 
VLSI technology drives the firm and its employees to 
invest in some form of self-improvement. They come 
to expect a baseline of continuous improvement as the 
norm and do what’s in their power to keep innovating. 
This continuous improvement and innovation not only 
keeps companies competitive but also drives economic 
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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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growth at the level of the economy as a whole, instilling 
a sense of optimism about the future.

The spin-off effects of increased productivity in terms of 
employment and revenue generation arise when these 
firms grow, expand business, or create new business 
operations due to greater efficiency and better resource 
utilization. This not only creates new opportunities for 
jobs and new skills but also contributes to the growth 
of the workforce and the economy, instilling a sense of 
hope for its societal impact.

Companies these days experience highly dynamic 
technological changes, and a worthy factor for modern 
enterprise evolution is the application of Very Large Scale 
Integration technology. In the contemporary context of 
a digital world, the integration of VLSI systems becomes 
a critical success factor in companies’ profitability. 
Besides this, ensuring their sustainability in today’s fast-
moving economy is essential. Recent analyses of Andes 
Technology Corporation (2023) indicate that investments 
in VLSI technologies have come with an impressive 
average return on investment (ROI), as high as about 
150% in just 24 months after implementation, showing a 
revelation of the positive economic impacts of applying 
VLSI systems.

The high ROI of VLSI investments is due to their promise 
and delivery of operationally enhanced performance 
(Akarvardar & Wong, 2023). The integration of VLSI 
into enterprise-level processes leads to increased 
productivity, efficiency, and better product quality. As 
discussed earlier, the cost savings from reduced material 
waste, lower operational costs, and shorter production 
schedules directly contribute to the improved financial 
performance of firms. For example, VLSI technology 
advancements have enabled the production of smaller 
and more powerful chips (e.g., for cell phones) at lower 
costs and in less time. This allows the enterprise sector 
to expand production and market a wider product range 
in a shorter time frame, while maintaining competitive 
prices.

Moreover, firms that gain competitive advantages through 
digital innovation using VLSI technology are often in a 
better position in the market. Because a firm can create 
products that use superior technology and offer greater 
functionality and performance than its competitors, 
it can achieve a premium in the marketplace and, 
consequently, have greater revenues. The successful 
implementation of VLSI in telecommunications sectors 
means that users can benefit from products that 
drastically improve over older devices and gain a 
competitive advantage from using new technologies that 
translate into lucrative financial benefits.

The innovation’s economic effects radiate across the 
economy as the successful firm creates jobs, develops 
a workforce, and builds wealth. The VLSI firms’ financial 
returns can lead them to plow some of the money back into 
RD, fueling further innovations. The interconnectedness 
of the economy drives sprawl, where benefits spill out 
from the early adopters and supplant the old economy 
across business sectors, communities, and regions. The 
demand for such skills drives educational institutions 
to create programs and training in this area. With 
time, such initiatives grow, and the skilled labor force 
will acquire new skills essential for the information 
technology and electronics sector to close the skills 
gap. This will, in turn, narrow the gap in skill between 
workforce and demand, thereby enhancing the quality 
of the electronics and information technology industry.

Importance of Strategic Integration

Strategic integration is a big-picture approach to pulling 
together the technological capabilities of VLSI and 
the objectives and operational processes of the firm. 
Strategic integration seeks to truly appreciate the 
inherent qualities and affordances of VLSI technology 
(e.g., increased computational speed, efficiency, 
decreased size of electronic devices) and find ways to 
reimagine what activities the technology can be suited 
for in an organization. The new challenges stemming 
from the strategic integration scenario posed not only 
technological capabilities firms were expected to adopt 
but also introduced a new capability. This technological 
affordance could redefine operational efficiencies, new 
capabilities in production, and, ultimately, customer 
satisfaction. When it works well, this process starts with 
a comprehensive needs assessment that clarifies how VLSI 
could alleviate specific inefficiencies or meet specific 
market needs within an enterprise. For instance, some 
manufacturing companies have adopted VLSI products 
for industrial automation and intelligent monitoring—
technologies that contribute directly to increasing the 
precision and speed of outputs.

An important aspect of this integration is the interaction 
and collaboration among technical experts, such as 
engineers and IT staff, and market-oriented workers, 
such as business analysts and product managers, with 
knowledge of market dynamics and consumer behavior. 
This collaboration promotes innovation by ensuring that 
strategic business goals drive the development and 
deployment of VLSI technologies.

Using cross-functional teams that include members 
from R&D, marketing, and manufacturing operations 
can help integrate VLSI technology across all business 
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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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functions, such as developing new product lines that 
harness the power of VLSI to compete in the market 
using an integrated technical and market approach. A 
tech company(for illustration) can assemble software 
developers, hardware (VLSI) engineers, and product 
marketers to devise a product line that can integrate 
the VLSI technology in the most competitive and user-
based way.

There is another type of policy enabler that sits at 
the strategic level and is indispensable in overcoming 
constraints that beset our path to VLSI opportunities. To 
overcome these constraints, the conduct of government 
policies holds all the aces. By providing the appropriate 
regulatory framework, favorable conditions can be 
created to stimulate innovation and venture capital 
investment in VLSI. It could be accomplished by offering 
and subsidizing grants and research programs to achieve 
desired strategic goals. Policies that check and mitigate 
market failures and lower the barriers to entry for 
smaller firms and startups allow them to compete in 
an otherwise oligopolistic market where only a select 
number of large corporations dominate the activities.

On the other hand, for policymakers, the path that lies 
ahead is to ensure that VLSI technology’s presence in 
the world is subjected to institutional regulation – that 
when innovation takes place, consumer safety and data 
security are accounted for. This can be done by enabling 
active regulation in the form of industry standards and 
safety rules and ensuring quicker lawmaking in relation 
to new products created with this technology. For 
instance, once the VLSI technology is woven deeply into 
our consumer products, legislative steps relating to data 
protection and management of electronic waste are 
needed to minimize the risks arising due to technological 
progress.

Public-private partnerships (PPPs)—where private 
firms and the government work together to implement 
a common goal—are a second crucial institutional 
mechanism. They enable the dynamic recombination 
of VLSI as an input into the growth process and can 
spur research and development in producing new VLSI 
applications for various sectors. Also, when aided by 
public entities in collaboration, public institutions like 
universities can open the research funding gateway 
broadly with sufficient amounts of seed money (with 
which leverage that elusive private funding would 
otherwise be difficult to tap) to support the building 
up of the industry to a significant scale. By supporting 
these activities, governments can jumpstart the desired 
process and develop an open and dynamic industrial 
ecosystem for technological development. Never say 

never. For showcasing, programs that stimulate research 
collaboration between universities (as public entities) 
and technology companies could help bring about 
much-needed advancements in VLSI applications, which 
could help promote economic growth and enhance 
competitiveness.

Future Directions

With the increasing number of applications in real-world 
scenarios that are based on digital solutions at the core, 
it is promising to dig deeper into the emerging trend in 
the domain of VLSI applications in the future, including 
artificial intelligence (AIs), the Internet of Things (IoT) 
and smart manufacturing, each of which is capable of 
exponentially contributing to and enabling innovation 
and progress (Figure 3). 

Fig. 3: Emerging trends in VLSI applications*
*Source: Compiled by the authors

Artificial intelligence (AI) is much needed to analyze 
big data in real-time. We expect to merge AI with VLSI 
technology to create breakthroughs in data analysis and 
help people process and handle data. We are researching 
to develop AI algorithms that can operate on VLSI chips 
to handle big data in real-time. The development of 
personalized autonomous vehicles, smart medical 
devices, and intelligent robotics can be assisted by 
optimizing neural networks on VLSI devices. The ability 
to improve the performance and energy efficiency of 
machine learning applications is enhanced through 
research of Gvozd et al. (2023).

Based on the expansion in the number of IoT devices, 
an increasing number of engineering researchers are 
studying how their performance could be improved 
by adopting VLSI, primarily by reducing their size, 
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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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improving power utilization efficiency, and real-time 
data processing and responsiveness. Future research 
directions can focus on IoT-based applications to develop 
efficiency metrics, improve small device manufacturing 
for reliable and adequate connectivity, and develop 
standards and protocols to enhance interoperability.

Smart manufacturing as part of the industry will be a significant 
driver for adopting microelectronics. The main question is what 
role VLSI will play in more innovative manufacturing as more 
production facilities feature interconnected machinery that re-
lies on predictive maintenance:

• How should VLSI be implemented in such 
machinery? 

• What about the supply chain management that 
makes mass manufacturing possible? 

• What are the roles of IoT and real-time monitoring 
systems in optimizing production efficiency and 
utilization of resources?

VLSI is gradually penetrating most sectors; researchers 
should try to understand its socioeconomic implications, 
especially in less developed regions. This could include 
research on how access to VLSI-based innovation could 
help sustain economic opportunities and social mobility 
in these regions, such as by investigating the impact of 
VLSI on the local labor market, entrepreneurship, and 
school education. Besides, the full potential of new VLSI 
technologies must be understood in the broader context 
of socioeconomic challenges, particularly in the realm 
of sustainable development. New VLSI technologies can 
be an important tool in enhancing the growth of a local 
economy, so an understanding of the combination of VLSI 
technology and local economic needs can help develop a 
nation’s living standards.

Interdisciplinary collaborations and engagements of en-
gineers with economists, sociologists, and environmen-
tal scientists would be necessary to take full advantage 
of the potential of VLSI. There is also a prominent eth-
ical question to be asked about what sort of technolo-
gies we want to develop. If deep learning algorithms are 
used in VLSI applications, we will need to know how to 
understand and address questions about the privacy of 
personal data and information security. 

Future studies need to focus mainly on training and 
education in VLSI technology. As the state of the 
art evolves over the next few decades, educational 
curricula must adapt to skill sets of interest, even as 
faculty and content across schools collaborate to ensure 
that the industry can attract and retain talent with a 
technical background. Encouraging industry partnerships 
in academia is one way to develop continuous training 

and education frameworks that impart the right blend 
of skills and know-how to the workforce to remain 
productive and competitive in the digital economy.

Conclusion

VLSI technology, a unique force in modern electronics, 
has redefined the boundaries of innovation and industry. 
Its rapid evolution has birthed new sectors, continually 
introducing groundbreaking innovations that reshape 
our world, open new markets, and enhance human 
living conditions. As long as the demand for enhanced 
computing power in our electronic devices persists, 
VLSI technology will remain a cornerstone of our future. 
Anticipate a wave of fresh innovations in the coming 
years, not just in computational power and energy 
efficiency, but also in the realm of intelligent systems.

VLSI technology is a significant contributor to productivity 
growth, innovative capacity, and economic resilience. 
As industries adapt to the ongoing digitalization and 
globalization, the role of VLSI technology in sustaining 
economic growth becomes increasingly vital. This 
importance underscores the need for substantial 
investment in VLSI technology development and 
the establishment of a robust innovation culture to 
effectively navigate the future economic landscape. 
More empirical research and long-term analysis are 
essential to fully comprehend how VLSI localization 
will shape industry structures and productive resources 
across various sectors, and to devise specific strategies 
to harness the economic benefits of VLSI technologies. 

Given that the statistical correlation between adopting 
VLSI and productivity and efficiency gains spurs 
businesses/sole traders to act accordingly, it would be 
in their interest to do so. Moreover, as sectors in the 
postindustrial age evolve to embrace digitalization 
and globalization, the use of VLSI would be necessary 
for competitiveness in the long term. In a scenario 
where more companies acknowledge the benefit of 
VLSI and put it to greater use, research into specific 
implementation details and what works for which 
organization would be crucial to surface best practices 
and increase the adoption rate across various sectors. 
Along with the integration of VLSI technology, firms have 
many opportunities to improve economic efficiency and 
returns on investment. The benefits show real returns 
on the investment, an average of 150 percent in the 
two years. Minimizing the cost of implementation of 
electronic technologies with flexibility and, at the same 
time, maximizing income is essential for both small and 
large companies. Having this technology is one thing, 
but using it so that the company can grow its resources 
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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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and be able to innovate is another. For a firm to do this, 
some strategies can assist in reducing initial costs and 
training staff on the rigorous dynamics of the industry. 
With the competitive environment in their respective 
fields, firms need to take advantage of this technology. 
However, firms must also proactively plan for the 
impact of rapid technological change on their business 
practices. Doing so will see them reap the rewards of 
improved productivity, resource efficiency, and grander 
scale, encouraging economic growth and innovation. 
VLSI technology will continue to change the face of 
business economics in years to come.

Much remains to be explored as VLSI tech reshapes 
the economic environment. Research on AI, IoT, and 
smart manufacturing, as well as the socio-economic 
consequences of applying technology to various sectors, 
are issues that should be addressed for VLSI’s positive 
impacts to be broad. Enhancing the interaction among 
technological innovation, workforce development, and 
socio-economic issues would be crucial in unlocking 
VLSI’s growth potential. Intensive research on the 
abovementioned areas will deepen the understanding of 
VLSI technology and its potential to transform the future 
economy.
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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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