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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
Providing the world’s increasingly growing population with clean, affordable water is 
an unprecedented challenge for the 21st century. In the face of climate change and 
failing water quality, nanotechnology has become the center piece in innovation in this 
global crisis. This article discusses the ways in which nanomaterials are leading the way 
in the revolution of the water purification techniques and are providing sustainable 
means to increase access to safe drinking water around the world. Water scarcity 
and pollution threaten human health, economic development and environmental 
sustainability. Traditional water treatment methods do not generally achieve effective 
removal of emerging pollutants and pathogen. Thus, the properties of nanomaterials 
at the molecular scale make it unique, and open new possibilities for development 
of more efficient, cost effective and environmentally friendly water purification. 
Nanotechnology is changing the way we clean and reuse water resources from nano 
adsorbents that remove toxic metals selectively and nanomembranes that filter out the 
slightest contaminants. In this article we will look at the advances in nanomaterials for 
water purification looking at how they work, what they are good for, and they could help 
enlighten us about the global water crisis. Through these innovations we’ll explore ways 
these are redefining the future of water management for anyone and everyone, not just 
industries and communities, but all across the globe.
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Nanotechnology: Water Purification: A Game 
Changer
Water purification has emerged as a complex challenge 
that nanotechnology has emerged as a powerful tool 
in being able to address. Scientists and engineers 
have discovered extraordinary properties when they 
manipulate materials at the nanoscale; that is, between 
1 and 100 nanometers - and these revolutionary 
properties can be brought to bear on water treatment 
processes. Nanomaterials have unique features, such as 
high surface area to volume ratio, enhanced reactivity 
as well as a flexibility to be precisely engineered giving 
them the potential to be applied to a broad class of 
contaminants in water. Nanomaterials also have potential 
to enhance water quality, including in the removal from 
heavy metals and organic pollutants to pathogens and 
emerging contaminants of concern. Nanotechnology’s 
potential for high efficiency treatment with decreased 
energy consumption and chemical use makes it one of the 
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key advantages of nanotechnology in water purification. 
Indeed, with climate change and resource scarcity on 
the rise, this is exactly the way to futureproof water 
management practices.

In addition, nanotechnology affords the use of 
multifunctional materials that resolve multiple 
water quality problems at once. As an example, a 
nanocomposite can include adsorption and antimicrobial 
properties as well as catalysing properties in one 
material, providing one such solution to comprehensive 
water treatment. With the advancement of research in 
this area, nanotechnology holds promise for additional 
means of improving clean water access for all, more 
quickly, cheaply and environmentally. The following 
sections will focus on various nanomaterials and the 
applications for their use in water purification, and will 
discuss how they may revolutionize the way that water 
is globally purified.[1-5]
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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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Nanoadsorbents: Precision Removal of Contaminants

The cutting edge class of materials revolutionizing water 
purification is nanoadsorbents because they selectively 
remove contaminants from water. In particular, these 
nanoscale materials have an exceptionally high surface 
area to volume ratio, essentially corresponding to many 
times more active sites for adsorption than are available 
in conventional adsorbents.

The viabilities and efficiencies of nanoadsorbents are 
very versatile.• lead, mercury, or arsenic heavy metals• 
Organic pollutants (e.g., pesticides, pharmaceuticals)

Pesticides represent a critical class of persistent organic 
pollutants that present major challenges for elimination 
based on their inherent properties, widespread 
occurrence, and uses in routine routine practices by 
the global community.• (inorganic) ions (e.g. fluoride, 
nitrate) • Emerging contaminants of concern.ion: 
Sustainable Solutions for Global Water Crisis

The 21st century faces an unprecedented challenge 
in providing clean, affordable water for the world’s 
growing population. As climate change intensifies and 
water quality deteriorates, innovative technologies 
like nanotechnology have emerged as crucial tools for 
addressing this global crisis. This article explores how 
nanomaterials are revolutionizing water purification 
methods, offering sustainable solutions to expand access 
to safe drinking water worldwide.

Water scarcity and contamination pose severe threats 
to human health, economic development, and 
environmental sustainability.

Nanoadsorbents: Precision Removal of Contaminants

• Heavy metals (e.g., lead, mercury, arsenic)

• Organic pollutants (e.g., pesticides, pharma-
ceuticals)

• Inorganic ions (e.g., fluoride, nitrate)

• Emerging contaminants of concern

Carbon based material such as Carbon nanotubes (CNT) 
and graphene oxide (GO) are one of the most promising 
types of nanoadsorbents. 

Additionally, easy separation and regeneration is 
possible because of their magnetic properties, which 
further increases their practicality in water treatment 
applications. Further development of functionalized 
nanoadsorbents extended their capacities. Researchers 
have boosted selectivity and affinity of nanomaterials 
for target pollutants by modifying their surface with 
specific functional groups. Such an approach has resulted 

in ‘smart’ nanoadsorbents that are able to respond to 
changes in the environment - e.g. pH or temperature 
- to optimise their performance. Since this is a rapidly 
maturing area of research, nanoadsorbents are expected 
to have a significant impact on solving complicated water 
purification problems. Because they can efficiently 
remove a multitude of different pollutants, and they 
can readily be regenerated and reused, they offer a 
sustainable way to address the issue of improved water 
quality on a worldwide basis.[6-9]

Nanomembranes: Can be considered Advanced 
Filtration Technologies

At once inexpensive, easy to fabricate and incredibly 
selective, nanomembranes mark a massive step forward 
in the history of water filtration technology. Typically less 
than 100 nanometers thick, these ultra thin membranes 
exploit the special properties of nanomaterials to derive 
even better filtration performance than conventional 
membrane technologies.

The key advantages of nanomembranes include:

1. Enhanced selectivity: Specific contaminants can 
be selectively removed from water by the design 
of precise pore sizes and surface attributes on 
nanomembranes, while permitting beneficial 
minerals to pass through.

2. Improved flux: Higher water flux rates thanks 
to the ultra thin nature of nanomembranes (i.e. 
more water treated with less time), improves 
overall system efficiency.

3. Reduced fouling: Anti-fouling features are 
incorporated into many nanomembranes to 
insure enduring performance over time and 
decrease the frequency with which cleaning or 
replacement is required.

4. Lower energy consumption: Rapid fabrication 
of nanomembranes, together with their high 
permeability, often leads to lower operating 
pressures and, thereby, lower energy 
requirements of filtration processes.

Fig. 1: Nanomembranes: Can be considered Advanced 
Filtration Technologies.
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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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Several types of nanomembranes have shown promise 
in water purification applications:

• Graphene-based membranes: These ultra thin 
carbon based membranes have great water 
permeability and can remove salts, organic 
molecules and some of the gases from water.

• Nanocomposite membranes: These membranes 
combine the advantages of several materials by 
incorporating nanoparticles or nanofibers into 
polymer matrices and enhance both filtration 
performance and durability.

• Biomimetic membranes: Membranes inspired 
by the natural, biological system are developed 
with structures and functionalities of biological 
cell membranes to achieve highly efficient and 
selective water purification.

Nanomembrane technology is continually being pushed 
to new material and fabrication limits to solve particular 
water treatment challenges. For example, the recent 
advances in mixed matrix nanomembranes have 
demonstrated promising promise for removing multiple 
classes of contaminants including: heavy metals, organic 
pollutants, and pathogens. With continuing development 
of nanomembrane technology, it may find application in 
point of use filters, to large scale desalination plants. 
Nanomembranes’ ability to provide water of high quality 
with little energy and chemical input means they will 
play a key role in developing sustainable solutions to the 
global water crisis.[10-14]

Photocatalytic Nanomaterials: Water Purifi-
cation Using Harnessing of Light

The activitation of photocatalytic nanomaterials is 
one innovative approach to water purification, using 
light to break down contaminants. At the nanoscale, 
semiconductors are used as these materials, capable of 
taking in light energy and causing chemical reactions 
that break down pollutants into nonpolluting products.

The mechanism of photocatalysis involves several key 
steps:

1. Light absorption: When dealing with_ACCEPT 
doll passes to the final and above state of the 
instance (final DEFAULT STATE).

The nanomaterial absorbs photons of light with energy 
greater than or equal to its bandgap.

2. Electron-hole pair generation: This absorbed 
energy makes the material generate electron 
hole pairs.

3. Charge separation: The electrons and holes 
move up from the nanomaterial and to the 
surface of the nanomaterial.

4. Redox reactions: Although the separated 
charges themselves do not undergo oxidation 
or reduction reactions with water and dissolved 
oxygen, they initiate oxidation and reduction 
reactions in water and dissolved oxygen to 
form reactive species (hydroxyl radicals and 
superoxide ions, i.e.).

5. Pollutant degradation: The reactive species 
attack and break down organic pollutuants, 
pathogen inactivation, and reduces some metal 
ions.

Currently, one of the most extensively studied 
photocatalysts is titanium dioxide (TiO2) nanoparticles 
due to its relatively high stability, low cost and powerful 
degrading organic pollutants. However, researchers are 
continually exploring new materials and strategies to 
enhance photocatalytic performance:

• Doped nanomaterials: One way of extending light 
absorption of photocatalysts is to incorporate 
metal or nonmetal dopants into their crystal 
structure to facilitate charge attachment.

• Heterojunction nanocomposites: Charge 
separation can be improved by combining two 
or more semiconductors with different band 
structures, and the range of light absorption is 
also expanded.

• Plasmonic photocatalysts: Surface plasmon 
resonance effects can enhance light absorption 
in noble metal nanoparticles integrated to 
semiconductor photocatalyst.

• Z-scheme photocatalysts: Assessing natural 
photosynthesis these systems mimic natural 
photosynthesis by using two different 
photocatalysts in tandem for more efficient use 
of light energy.

The applications of photocatalytic nanomaterials in 
water purification are diverse and promising:

• Organic pollutant degradation: Persistant organic 
pollutants–and pesticides, pharmaceutical, and 
industrial chemicals–can be broken down with 
photocatalysts.

• Disinfection: Strong antimicrobial photocatalysts 
for effecting inactivation of bacteria, viruses or 
other pathogens have been demonstrated.

• Heavy metal reduction: Photo catalysis could 
reduce toxic metal ions in the water to less 
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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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harmful forms and less harmful forms and even 
to elemental metals for easy removal.

• Self-cleaning surfaces: Adding photocatalysts to 
membranes or other parts of a water treatment 
system results in self cleaning surfaces, which 
maintain performance.

The continued research into this field presents the 
potential to make photocatalytic nanomaterials an 
important part of developing sustainable water treatment 
solutions. Consistent with the mounting recognition of 
the need for green technologies, their ability to utilize 
renewable solar energy for such purification processes 
also works very well.[15-18]

Magnetic Nanoparticles: Efficient practices in 
contaminant removal and recovery

Magnetic nanoparticles have proven to be a strong tool in 
water purification as the ability for contaminant removal 
and recovery is unlike anything prior. Commonly made up 
of iron oxides such as magnetite (Fe3O4) or maghemite 
(γ-Fe2O3), these nanoscale materials have a high surface 
area, good reactivity and magnetic properties that make 
them easy to separate from treated water.

Table 1: Nanomaterials Used for Water Purification

Nanomaterial Properties

Carbon 
Nanotubes

Carbon nanotubes have excellent adsorp-
tion properties, making them effective for 
removing organic contaminants and heavy 
metals from water.

Graphene 
Oxide

Graphene oxide is known for its high surface 
area and ability to filter out contaminants, 
providing a low-cost solution for water 
purification.

Metal-Organic 
Frameworks

Metal-organic frameworks offer a highly  
porous structure that can trap toxic sub-
stances, enabling efficient water filtration 
and removal of pollutants.

Silver 
Nanoparticles

Silver nanoparticles are effective antimicro-
bial agents, helping in the removal of bacteria,  
viruses, and other microorganisms from wa-
ter sources.

Titanium 
Dioxide

Titanium dioxide is a photocatalyst that de-
composes organic pollutants when exposed 
to UV light, offering a sustainable solution 
for purifying water.

Clay 
Nanocompo-
sites

Clay nanocomposites possess high surface 
area and adsorption capabilities, making 
them efficient for filtering out various con-
taminants in water.

The key benefits of using magnetic nanoparticles in 
water purification include:

• High adsorption capacity: However, such 
contaminants are easily adsorbed onto their 
large surface area to volume ratio.

• Ease of separation: However, external magnetic 
fields can separate the nanoparticles quickly and 
efficiently from treated water.

• Heavy metal removal: Functionalized magnetic 
nanoparticles have been shown to perform well 
for remediating toxic metals like lead, arsenic 
and mercury from water.

• Organic pollutant adsorption: Magnetic 
nanocomposites are many which remove organic 
contaminants, such as dyes, pharmaceuticals, 
and pesticides.

• Oil-water separation: By encapsulating them 
within hydrophobic magnetic nanoparticles, we 
could then selectively adsorb oil from oil-water 
mixtures, which would help to clean up oil spills 
or improve industrial wastewater treatment.

• Pathogen removal: Magnetically responsive 
nanoparticles with antimicrobial properties, or 
nanoparticles that can be made functionalized 
to bind and remove pathogens from water, exist.

• Nutrient recovery: Recycling valuable 
nutrients from wastewater via circular economy 
approaches in water management can be 
supported by magnetic nanoparticles used to 
recover phosphorus (or similar components).

New developments in magnetic nanoparticle technology 
have included the design and synthesis of stimuli 
responsive materials which can be bioactivated in 
reaction to environmental stimuli such as pH or 
temperature. This gives a much greater degree of 
control over the capture and release of contaminants 
on subsequent batches, increasing the overall efficiency 
and reuse of these adsorbents.

The roles that magnetic nanoparticles will play in 
developing sustainable water purification solutions as 
research continues is expected. Efficient contaminant 
removal capability along with easy separation and 
potential to be reused, makes them a promising 
technology for dealing with various water quality 
challenges at various scales and with different contexts.

• Improved durability: However, nanocatalysts 
are more stable and resistant to deactivation 
than conventional catalysts are.

Researchers have developed various types of 
nanocatalysts for water treatment applications:

• Noble metal nanoparticles: Nano silver, nano 
palladium and nano gold have been demonstrated 



Akin Zor and Alim Rahman: Nanomaterials for Water Purification Towards Global Water Crisis Sustainable Solutions

Innovative Reviews in Engineering and Science| July-Dec 2026 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

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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to have excellent catalytic activity for many 
types of reactions, including the degradation of 
organic pollutants and reduction of nitrates.

• Transition metal oxide nanoparticles: Oxidation 
of organic contaminants and removal of heavy 
metals by catalysts bearing iron, copper, and 
manganese oxides have been demonstrated.

• Bimetallic nanocatalysts: While the catalytic 
benefits of combining two metals at the 
nanoscale are well known, the beneficial effect 
is often limited to specific contaminants.

• Supported nanocatalysts: Stability of catalytic 
nanoparticles can be improved by dispersing 
them onto supports with high surface area such 
as activated carbon or zeolites, and the catalyst 
recovery can be facilitated.

The applications of nanocatalysts in water purification 
are diverse and promising:

• Advanced oxidation processes: Nanocatalyst 
thus facilitate the generation of reactive oxygen 
species in Fenton reaction and photocatalytic 
oxidation processes to provide more efficient 
degradation of recalcitrant organic pollutants.

• Reduction of inorganic contaminants: 
Nanomaterials have been promising in catalytic 

reduction of contaminants such as nitrates, 
perchlorates and hexavalent chromium.

• Disinfection: Nanocatalysts are capable 
of catalyzing organic synthesis that forms 
disinfecting agents and some exhibit strong 
antimicrobial properties.

• Emerging contaminant removal: For 
challenging, emerging contaminants, such as 
per and polyfluoroalkyl substances (PFAS) and 
microplastics, nanocatalysts are being developed.

Recent advancements in nanocatalyst technology include 
the development of:

• Shape-controlled nanocrystals: The shape of 
these catalytic nanoparticles can be precisely 
controlled to expose specific crystal facets of 
enhanced activity for particular reactions.

• Single-atom catalysts: Expanding the use 
of individual metal atoms on supports can 
simultaneously maximize atom efficiency, and 
achieve unique catalytic properties.

• Multifunctional nanocomposites: Catalytic 
nanoparticles can be combined with other 
functional materials to form systems that 
catalyze reactions and adsorb scavenging agents 
at the same time.

Fig. 2: Magnetic Nanoparticles: Efficient practices in contaminant removal and recovery
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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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Nanocatalysts are prepared to have an important role in 
the growth of more efficient and ecologically sustainable 
watersystem technologies with the current research in 
this area. But their capacity to catalyze reactions at 
mild conditions and target particular contaminants make 
them an essential weapon to tackle the many barriers 
ahead in water purification in the 21st century.

• Nanobubbles: Water Treatment Innovative 
Solutions

Water treatment technologies based on nanobubbles, 
also known as ultrafine bubbles, are becoming an 
emerging technology with unique advantages in the 
purification processes. All of these tiny gas bubbles, less 
than 100 nanometers in diameter, have extraordinary 
properties not present in bulk sized bubbles, which open 
some new doors to water treatment applications.

Key characteristics of nanobubbles include:

• Long-term stability: Unlike bigger bubbles, 
which rise quickly and burst, nanobubbles can 
stay suspended in water for very long time, 
perhaps weeks or even months.

• High internal pressure: Nanobubbles are formed 
to be very small in size yet have ultra high 
internal pressures which makes their reactivity 
and dissolution rates much more enhanced.

• Large surface area: At the nanoscale nanobubbles 
have a high surface area to volume ratio, thereby 
aligning to facilitate efficient gas transfer as well 
as interactions with contaminants.

• Negative surface charge: It is known that 
nanobubbles usually have negative surface 
charge, and can affect interactions with dissolved 
species and surfaces.

These unique properties make nanobubbles valuable 
tools in various water treatment applications:

Oxygenation and aeration: By increasing dissolved oxygen 
levels in water, oxygen nanobubbles are very efficient 
at optimizing the processes performed in wastewater 
treatment and in aquaculture systems.

• Flotation: The efficiency of flotation processes, 
used to separate suspended solids and oils from 
water, can be improved by the presence of 
nanobubbles.

• Disinfection: Sustained antimicrobial effects in 
water distribution systems have been provided 
by nanobubbles containing disinfecting gases 
such as ozone.

• Contaminant removal: As nanobubbles have 
high surface area and reactivity, they may 

contribute to contaminant removal (organic and 
heavy metals).

• Membrane cleaning: As those nanobubbles can 
clean and maintain the filtration membranes by 
not fouling and extending the membrane life.

Recent research has explored several innovative 
applications of nanobubbles in water treatment:

• Combination with advanced oxidation 
processes: Nanobubbles can be integrated with 
techniques such as UV irradiation or sonolysis 
for the enhancement of generation of reactive 
oxygen species for pollutant degradation.

• Nanobubble-assisted adsorption: It was found 
that the presence of nanobubbles can improve 
the adsorption capacity of various materials, 
including activated carbon and nanoparticles.

• Soil and sediment remediation: Reactive gases 
or nutrients can be delivered into contaminated 
soils and sediments using nanobubbles, which 
can be used as part of an in situ remediation 
effort.

• Algae control: The alterability of water’s 
physicochemical properties from the use of these 
nanobubbles has shown promise in controlling 
algal blooms in water bodies.

Now, as research in this field continues, nanobubble 
technology is poised to have an ever larger role to play 
in the development of sustainable water treatment 
solutions. They are good at improving different treatment 
processes without the need for any added chemicals, 
which tracks well with the increasing focus on green 
technologies for solving global water problems.[15-20]

Hybrid Nanotechnologies: Synergetic Approaches to 
Water Purification

Hybrid nanotechnologies are a state-of-the-art 
approach which integrates various nanomaterials or 
nanotechniques to achieve additive (synergistic) effects. 
These hybrid systems can take advantage of solving 
complex water treatment problems better than single 
component solutions by integrating different nanoscale 
components.

The key advantages of hybrid nanotechnologies include:

• Multifunctionality: Through the combined use of 
several different nanomaterials it is possible to 
solve at the same time the treatment of multiple 
contaminant or water quality problems.

• Enhanced performance: Components can work 
together to enhance efficiency and effectiveness 
compared with individual technologies.
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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 
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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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• Versatility: Hybrid systems can be designed to 
meet particular water treatment requirements 
in different situations.

Researchers have developed various types of 
hybrid nanotechnologies for water purifica-
tion:

• Nanocomposite membranes: By incorporating 
nanomaterials such as graphene oxide, carbon 
nanotubes or metal nanoparticles into polymer 
membranes, the filtration performance can be 
enhanced, the anti foul properties improved and 
catalytic or antimicrobial ones added.

• Magnetic nanocomposites: Common magnetic 
nanoparticles are coupled with other functional 
materials such as activated carbon or graphene 
oxide to yield systems that combine high adsorption 
capacity with easy magnetic separation.

• Photocatalytic hybrids: Light absorption, charge 
separation, and total catalytic performance 
for pollutant degradation can be improved 
by integrating photocatalysts with other 
nanomaterials.

• Nanobubble-assisted technologies: However, 
bonding nanobubbles with other remedial 
procedures, such as adsorption, or advanced 
oxidation process, can improve total treatment 
capacity.

Examples of innovative hybrid nanotechnologies in 
water purification include:

• Graphene oxide-TiO2 nanocomposites: Here 
we take advantage of adsorption properties of 
graphene oxide and photocatalytic activity of 
TiO2 to create these materials, which provide 
better removal of both organic and inorganic 
contaminants.

• Magnetic core-mesoporous shell nanoparticles: 
The magnetic core of these structures facilitates 
easy separation and the mesoporous shell allows 
for functionality of the shell to specifically 
remove contaminants or provide catalytic 
activities.

• Nanofibrous membranes with embedded 
nanoparticles: Functional nanoparticles incor-
porated into electrospun nanofibers can provide 
high filtration efficiency with additional treat-
ment functionalities, such as heavy metal re-
moval or antimicrobial action.

• Layered double hydroxide-based nanocompos-
ites: By combining anion exchange, sorption, 

and catalytic properties, these materials can 
serve both to treat water and to catalyze redox 
reactions.

Future Directions in Nanomaterial Based Water 
Purification

Nanomaterials possess great potential for revolutionizing 
water purification, but several challenges have to be 
overcome in order to fully harness their advantages 
and adopt them on a widespread, safe, and sustainable 
basis. A knowledge of these challenges is essential to 
point future research and development work in this area 
in the right direction.

Table 2: Advancements in Nanomaterials for  
Water Purification

Advancement Development

Enhanced Adsorption 
Capacity

Enhanced adsorption capacity is 
achieved by modifying nanomaterials 
to increase surface area, improving 
their ability to remove contaminants 
from water.

Energy-Efficient 
Filtration

Energy-efficient filtration uses nano-
materials that require minimal ener-
gy to filter large volumes of water, 
making purification processes more 
sustainable.

Antimicrobial 
Properties

Antimicrobial properties of certain 
nanomaterials help eliminate harm-
ful microorganisms, providing safe 
and clean drinking water in regions 
with limited resources.

Photocatalysis for 
Degradation

Photocatalysis for degradation uses 
light-sensitive nanomaterials, like 
titanium dioxide, to break down or-
ganic pollutants in water when ex-
posed to UV light.

Cost-Effective 
Synthesis

Cost-effective synthesis of nanoma-
terials aims to reduce the production 
cost of water purification technol-
ogies, making them accessible for 
large-scale and developing regions.

Long-Term Stability Long-term stability is essential for 
ensuring that nanomaterials used in 
water filtration can maintain their 
efficiency over extended periods 
without degradation.

Key challenges in nanomaterial-based water 
purification include:

1. Scalability and cost: Several nanomaterials 
exhibit excellent performance in the lab but 
are limited by scalability to industrial scale 
applications. Large scale synthesis methods and 
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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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the reduction of production costs are critical to 
the widespread adoption.

2. Long-term stability and performance: Dura-
bility and availability of nanomaterials to per-
form consistently over long time spans during 
real world water treatment conditions is still an 
issue.

3. Environmental and health impacts: Thorough 
assessment of potential release of nanomaterials 
into environment and long term effects on the 
ecosystem and human health is needed and 
should be mitigated.

4. Standardization and regulation: Standards for 
testing and regulating nanomaterial based water 
treatment technologies must be pioneered to 
achieve safety and market adoption.

5. Integration with existing infrastructure: Even 
with much progress, it remains a technical and 
economics challenge to adapt nanomaterial 
based solutions to work seamlessly with existing 
water treatment infrastructure.

Future research directions to address these challenges 
and advance the field include:

• Sustainable synthesis methods: Conceiving 
green synthesis techniques involving lower 
energy supply and greener precursors to produce 
nanomaterial at scale.

• Smart and responsive nanomaterials: Genyan-
thropus blackiSAU-3’s brain collage. Credit:© 
School of Human Evolution and Social Change/
Institute of Human Origins/Arizona State Univer-
sity Graphic by Amy Raub.

• Hybrid and multifunctional systems: To advance 
the design of hybrid nanotechnologies capable 
of addressing more than one water treatment 
question and to satisfy diverse treatment needs.

• In-situ monitoring and control: Real time 
monitoring and adaptive control of water этому 
process through integration of nanosensors and 
smart materials.

• Circular economy approaches: Strategies on 
how to recover and recycle water treatment 
nanomaterials to limit waste and environmental 
impact.

• Biomimetic and nature-inspired solutions: 
Inspiring more efficient and sustainable 
nanomaterial based systems inspired from 
natural water purification processes.

• Machine learning and AI integration: Advanced 
data analytics and artificial intelligence leverage 

to optimise design and operation of nanomaterial 
based water treatment systems.

• Nanomaterial-microorganism interactions: The 
synergies between engineered nanomaterials 
and beneficial microorganisms for improved 
water treatment performance.

Overcoming these challenges and expanding the 
boundaries require high output solution research with 
nanomaterial based water purification boundaries of the 
global water crisis. Materials scientists, environmental 
engineers, toxicologists and policymakers will have to 
collaborate to ensure that these ingenious technologies 
are safe and workable so that they may be used to help 
bolster the world’s water security.[21-28]

In confronting the ever increasing global water crisis, 
the new beacon of hope are nanomaterials, which 
present innovative and sustainable ways to purify water. 
Nanomaterials have unique properties that enable them 
to uniquely address complex water quality challenges 
with unprecedented efficiency, effectiveness, and they 
are able to be precisely engineered. • Nanoadsorbents 
that clean contaminant with unparalleled specificity 
• Nanomembranes with edge performance beyond 
the limits of filtration • Photocatalytic nanomaterials 
used to degrade the pollutants utilizing delivered 
light energyMagnetic nanoparticles with contaminant 
removal and easy separation • Mild process acceleration 
with nanocatalysts.• Nanobubbles that provide novel 
solutions for oxygenating and contaminant removal. 
• Hybrid nanotechnologies that are synergistically 
multilayer to address multiple water quality problems 
simultaneously.ication:

• Nanocomposite membranes: Incorporating 
nanomaterials like graphene oxide, carbon 
nanotubes, or metal nanoparticles into polymer 
membranes can enhance filtration performance, 
anti-fouling properties, and even add catalytic 
or antimicrobial functionalities.

• Magnetic nanocomposites: Combining magnetic 
nanoparticles with other functional materials 
like activated carbon or graphene oxide creates 
systems that offer both high adsorption capacity 
and easy magnetic separation.

• Photocatalytic hybrids: Integrating photocata-
lysts with other nanomaterials can enhance light 
absorption, charge separation, and overall cata-
lytic performance for pollutant degradation.

Magnetic nanoparticles that combine contaminant 
removal with easy separation

Nanocatalysts that accelerate treatment processes 
under mild conditions
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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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• Nanobubbles that offer innovative approaches to 
oxygenation and contaminant removal

• Hybrid nanotechnologies that synergistically 
address multiple water quality issues

Conclusion

The principles of sustainable development match up 
well with advancements in nanomaterial based water 
purification. Nanomaterials provide an avenue for 
greener and more sustainable water management 
by allowing for increased use of resources, reduced 
energy consumption, and decreased chemical inputs. 
Yet, there is still much to overcome before the full 
potential of nanomaterials can be fully exploited to 
solve the global water crisis. But, just as important, 
the research and development of these technologies 
must continue towards scaling up production, ensuring 
long term stability, addressing potential impacts to the 
environment and human health, and incorporating these 
technologies into existing infrastructure. The future of 
nanomaterial water purification is promising. Though 
these technologies have already arrived, advancing 
these technologies further can help to enhance their 
capabilities and sustain their efficiency from the 
development of smart, responsive materials, to the 
introduction of artificial intelligence within system 
design and operation. In doing this, we need to approach 
the development and implementation of nanomaterial 
based water purification solutions holistically. That 
means not only increasing technical capability in 
these materials but considering other impacts through 
ecosystems, human health, and socioeconomic systems. 
Finally, nanomaterials are powerful weapons in the 
arsenal against the global water crisis. But we can 
pave the way to a future where clean, safe water 
is available for everyone by continuing to invest in 
research, encouraging interdisciplinary collaboration, 
and encouraging responsible innovation based on what 
we are discovering about nanomaterials. Nanomaterial 
based technologies will undoubtedly play a pivotal role 
as we work to address the water challenges of the 21st 
century, and beyond, en route to a more sustainable and 
water secure world.
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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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