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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
Nanoparticle applications have ushered in a new era in chemical processes, catalyzing 
innovation and transformation across various industries. This abstract explores the 
significant impact of nanoparticles on revolutionizing chemical processes, highlighting 
their versatile applications and unprecedented functionalities. The abstract delves into 
the unique properties of nanoparticles, including their high surface area-to-volume 
ratio, quantum effects, and tunable surface chemistry, which enable precise control over 
chemical reactions and material properties. Nanoparticles serve as catalysts, enhancing 
reaction rates, selectivity, and efficiency in numerous chemical transformations, from 
catalytic conversions to environmental remediation. Nanoparticles exhibit remarkable 
properties in drug delivery systems, enabling targeted therapies, controlled release, 
and enhanced bioavailability of pharmaceutical compounds. Their application extends 
to energy storage and conversion, where nanoparticles play a pivotal role in improving 
the performance and sustainability of batteries, fuel cells, and solar cells. Nanoparticles 
find extensive use in sensing and detection technologies, facilitating rapid and sensitive 
analysis of chemical species, pollutants, and biomolecules. The abstract also explores 
emerging trends in nanoparticle research, including nanomedicine, nanoelectronics, 
and nanomaterials for sustainable development. Nanoparticle applications represent 
a paradigm shift in chemical processes, offering unprecedented opportunities for 
innovation, efficiency, and sustainability across diverse sectors. Continued research 
and development in nanoparticle science promise to unlock new frontiers in chemical 
engineering, driving forward the advancement of technologies and solutions for a 
rapidly evolving world..
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Introduction

Nanotechnology has rapidly infiltrated various industries 
worldwide, with nanoparticle applications revolutionizing 
chemical processes and ushering in a technological leap 
forward.This interdisciplinary field leverages mesoscopic 
systems that bridge classical and quantum mechanics, 
enabling the manufacturing of nanoassemblies for 
diverse applications like chemotherapeutics, catalysts, 
and antibiotics. As scientific advancements prioritize 
cleaner, safer, and more cost-effective solutions, 
nanotechnology emerges as a gateway to address 
diminishing natural resources.This article delves into 
the cutting-edge applicationsc of nanoparticles in the 
chemical industry, exploring their roles in polymer 
manufacturing, sunscreens, nanocatalysts, nature-
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inspired nanocoatings, nanomembranes, and emerging 
nanotechnologies revolutionizing processes like texturing 
and heavy metal removal[1-6] with reference to the Fig. 1.

Fig. 1: Risk and toxicities of chemical processes
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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A. Nanotechnology in Chemical Industry

Nanotechnology has revolutionized various sectors, 
including the chemical industry, by enabling the 
manipulation of matter at the atomic and molecular 
scale.This interdisciplinary field bridges classical and 
quantum mechanics, facilitating the manufacturing of 
nanoassemblies for diverse applications such as catalysts, 
antibiotics, and chemotherapeutics. Nanotechnology 
involves the study, manipulation, and exploitation 
of materials, devices, and systems at the nanoscale, 
typically ranging from 1 to 100 nanometers.At this scale, 
materials exhibit unique properties and behaviors that 
differ significantly from their bulk counterparts, owing to 
quantum effects and the high surface-to-volume ratio.[7] 

B. Importance and Applications

The impact of nanotechnology on the chemical industry 
has been profound, driving advancements in materials 
development, catalysis, environmental remediation, 
and drug delivery. 

1.	Materials Development: Nanomaterials possess 
distinct mechanical, electrical, thermal, and 
optical properties due to their small size, 
large surface area, and quantum effects.This 
enables the creation of materials with enhanced 
characteristics for various applications.

2. Catalysis: Nanocatalysts offer an eco-friendly 
alternative to traditional catalysts, reducing 
hazardous waste and promoting green chemistry.
Nanoparticles are increasingly used in catalysis 
to boost chemical reactions, minimizing the 
quantity of catalytic materials required and 
reducing pollutants. 

3. Environmental Remediation: Nanomaterials such 
as nanoclays, nanometals, and nanocomposites 
are employed to remove pollutants, heavy 
metals, and organic compounds from water and 
soil, contributing to effective environmental 
remediation. 

4.	Drug Delivery: In the pharmaceutical 
industry, nanoparticles serve as carriers for 
drugs, protecting them from degradation and 
improving their bioavailability.This has led to 
groundbreaking solutions for targeted drug 
delivery.

5. Energy Applications: Nanotechnology can 
be incorporated into solar panels to convert 
sunlight into electricity more efficiently, 
promising inexpensive solar power in the future.
Nanostructured solar cells could be cheaper to 

manufacture and easier to install, using print-
like manufacturing processes and flexible rolls.

6. Sensing and Detection: Nanotechnology-
enabled sensors can detect and identify chemical 
or biological agents in the air and soil with 
higher sensitivity than ever before, making them 
valuable in various applications. 

By harnessing the unique properties of nanomaterials, 
the chemical industry has witnessed significant 
advancements in product development, manufacturing 
processes, and environmental sustainability. 

2. Nanoparticles in Chemical Products
A. Types of Nanoparticles Used

Nanomaterials are expected to improve the existing 
properties of paints due to their specific structural 
characteristics such as size, shape, and greater surface 
area.Currently, the most relevant nanomaterials for the 
paint industry are nanoscale titanium dioxide and silicon 
dioxide, but silver, zinc oxide, aluminum oxide, cerium 
dioxide, copper oxide, and magnesium oxide are also under 
investigation, the same can be observed form Fig. 2. 

B. Applications in Paints, Coatings, and Formulations

1. Nano Titanium Dioxide: Nano titanium dioxide 
is used in paint to exploit two of its excellent 
properties: (i) photocatalytic activity and 
(ii) UV-protection. The combination of the 
photocatalytic effect, along with hydrophilic 
properties, results in a self-cleaning effect for 
paints. 

2. Nano Silicon Dioxide: The addition of nano 
silicon dioxide to paints can improve the macro- 
and micro-hardness, abrasion, scratch, and 
weather resistance. Adding nano silicon dioxide 
to polymeric resins creates paints with excellent 
abrasion properties. 

3.	 Nano Silver: Surfaces coated with nano silver-
containing paint provide excellent antimicrobial 
properties against bacteria and human pathogens.
However, studies have shown that nano silveras 
well as nano titanium dioxideare not able to 
fully prevent microbial and algal growth on test 
substrates, in addition to being a poor deterrent 
from possible fungal colonization.

Nanocoatings are among the most exciting breakthroughs 
to arise from nanotechnology developments.By 
definition, a nanocoating is one where the layer applied 
to the substrate is measurable at the nanoscale, around 
100 nanometers.As materials approach the nanoscale, 
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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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their familiar properties change in unexpected ways, 
introducing new opportunities to control corrosion, 
abrasion, and other hazards. Nanocoatings take the form 
of optically transparent polymer films, invisible to the 
naked eye and almost undetectable to the touch, being 
just a few atoms thick.Today, consumers come in contact 
with them most frequently in automotive bodywork.
Nanocoatings have been developed with antibacterial, 
anti-corrosion, abrasion-resistant, and weather-resistant 
properties.[8-11]

Nanomaterials in Polymer Manufacturing

Nanomaterials have become increasingly important 
in polymer manufacturing, as they can enhance the 
properties and performance of polymeric materials.
Nanotechnology plays a crucial role in polymer 
production, enabling the development of advanced 
materials with improved mechanical, thermal, and 
electrical properties. 

A. Role of Nanotechnology in Polymer Production

To meet the growing list of requirements, material 
scientists are turning to nanotechnology as a way to improve 
polymer manufacturing.This research has found that the 
addition of carbon and metal nanomaterial concentrates 
can boost characteristics such as strength, or add new 
properties such as ultra-violet protection, magnetic and 

electrical conductivity. Polymeric nanoparticles (NPs) 
are particles within the size range from 1 to 1000 nm and 
can be loaded with active compounds entrapped within 
or surface-adsorbed onto the polymeric core.Advantages 
of polymeric NPs as drug carriers include their potential 
use for controlled release, the ability to protect drugs 
and other biologically active molecules against the 
environment, and improve their bioavailability and 
therapeutic index. Depending on the type of drug to be 
loaded in the polymeric NPs and their requirements for 
a particular administration route, different methods can 
be used for the production of the particles.In general, 
two main strategies are employed: the dispersion of 
preformed polymers or the polymerization of monomers.
Techniques like solvent evaporation, emulsification/
solvent diffusion, emulsification/reverse salting-out, and 
nanoprecipitation are commonly used for the production 
of polymeric NPs.[12-14]

B. Examples of Nanopolymers (Kevlar, Teflon)

Kevlar, a well-known example of a nanopolymer, is a 
high-strength synthetic fiber used in various applications, 
such as bulletproof vests and protective clothing.Teflon, 
another notable nanopolymer, is a fluoropolymer known 
for its non-stick and low-friction properties, making it 
widely used in cookware and industrial applications. 
Part of the range of nanotech discoveries includes the 

Fig. 2: Applications of Nanotechnology in Plant Growth and Crop Protection



Nguyen Thi Thoi : Nanoparticle Applications Revolutionizing Chemical Processes

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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recent cooperation between the Czech raw material 
supplier NANO CHEMI GROUP and material researchers 
from Germany and Ukraine.Together, these nanomaterial 
specialists have developed technologies and unique 
solutions that can be applied to the industrial production 
of polymer materials, such as polycarbonate sheeting.
These cutting-edge processes not only provide boosted 
properties but can also reduce production, labor, and 
energy costs. One such product developed by NANO 
CHEMI GROUP is called NANO AP PCG-23, a modified 
polycarbonate granulate that contains 0.12 – 0.24 wt.% 
of carbon nanomaterials.As well as providing thermal 
conductivity, boosted mechanical strength, ultra-violet 
protection, and electro-magnetic properties, this novel 
nanotechnology also adds much sought-after electro-
conductivity.[14-17]

Nanotechnology in Sunscreens

One formulation influenced by nanotechnology is 
sunscreen. Companies such as Oxonica have teamed up 
with Croda to create sunscreen protection formulations 
that bridge the interface of nanotechnology and the 
chemical industry using UV absorber materials. 

A. Nanoparticles as UV Absorbers

Nanoparticles-based sunscreen is a revolutionary 
advancement in sun protection technology. These 
sunscreens utilize tiny particles, typically ranging from 1 
to 100 nanometers in size, to provide enhanced protection 
against the sun’s harmful UV rays. The nanoparticles 
used in these sunscreens are often made of materials 
like titanium dioxide or zinc oxide. These materials can 
absorb, scatter, and reflect UV radiation, making them 
highly effective in shielding the skin from both UVA and 
UVB rays.Titanium dioxide and zinc oxide are commonly 
used in sunscreen formulations because they are 
effective at blocking both UVA and UVB rays, they are 
non-irritating to the skin, and they are considered to be 
non-toxic. One of the key advantages of nanoparticles-
based sunscreen is that it offers a transparent and 
lightweight formula. Unlike traditional sunscreens 
that can leave a white cast on the skin, nanoparticles-
based sunscreens are designed to be virtually invisible 
when applied, providing a more aesthetically pleasing 
option.Additionally, these sunscreens offer improved 
photostability, meaning they are less likely to degrade or 
lose their effectiveness when exposed to sunlight. This 
ensures that the sunscreen remains active for a longer 
duration, providing reliable protection throughout 
sun exposure.They also have the advantage of being 
water-resistant, making them suitable for activities like 
swimming or sweating. They adhere well to the skin and 

maintain their protective barrier even when exposed to 
water or perspiration.[18] 

B. Collaboration between Companies (Oxonica, Croda)

One formulation influenced by nanotechnology is 
sunscreen. Companies such as Oxonica have teamed up 
with Croda to create sunscreen protection formulations 
that bridge the interface of nanotechnology and the 
chemical industry using UV absorber materials as in Fig. 3.  
Nanoparticles of TiO2 and ZnO have long been used as 
physical or inorganic UV blockers in sunscreens, and are 
approved by FDA as GRASE UV filters. Nanoparticulate 
sunscreen systems are a recent development. They are 
transparent on the skin compared with conventional 
formulations, making them more cosmetically 
attractive. TiO2 coated with lignin nanocomposites was 
incorporated into a pure hand cream, and the sunscreen 
performance was studied using TiO2 as the control. The 
SPF values of the formulations evaluated, containing 
5%, 10%, and 20% lignin on the TiO2 surface, were 16, 
26 and 48, respectively. This study demonstrated that 
lignin can be chemically modified to increase the UV 
photoprotection capacity of other UV filters present in 
the same sunscreen product, enhancing the overall UV 

Fig. 3: Sol-gel method for nanoparticle synthesis
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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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blocking effect. Therefore, lignin can function as a UV 
filter adjuvant in a sunscreen formulation.[19] 

5. Nanocatalysts and Catalytic Surfaces
A. Enhancing Chemical Processes with Nanocatalysts

Nanocatalysts offer an eco-friendly alternative to 
traditional catalysts, reducing hazardous waste 
and promoting green chemistry.Nanoparticles are 
increasingly used in catalysis to boost chemical reactions, 
minimizing the quantity of catalytic materials required 
and reducing pollutants.Their high surface-to-volume 
ratio and unique properties make nanocatalysts highly 
efficient in enhancing chemical processes.Nanocatalysts 
can facilitate a wide range of chemical reactions, 
including oxidation, reduction, hydrogenation, and 
dehydrogenation.Their ability to selectively catalyze 
specific reactions while minimizing undesired side 
reactions is a significant advantage over conventional 
catalysts. This selectivity can lead to higher product yields 
and reduced waste generation.Moreover, nanocatalysts 
often exhibit superior thermal and chemical stability 
compared to their bulk counterparts.This stability 
allows them to withstand harsh reaction conditions, 
prolonging their catalytic activity and reducing the need 
for frequent replacement.[20]

B. Industry-Academia Collaborations (BASF, KIT)

Industry-academia collaborations play a crucial role in 
advancing nanocatalyst research and development. One 
notable example is the collaboration between BASF, a 
leading chemical company, and the Karlsruhe Institute 
of Technology (KIT) in Germany. BASF has established the 
Battery and Electrochemistry Laboratory (BELLA) at KIT, 
focusing on electrochemistry and battery research.This 
collaboration aims to leverage the expertise of academic 
researchers and industry professionals to develop 
innovative solutions in the field of energy storage and 
electrochemical processes.BASF’s global network, known 
as the “Know-How Verbund,” includes collaborations 
with around 220 universities and research institutes 
worldwide.These collaborations offer scientists from 
academia the opportunity to participate in close-to-
practice research projects, fostering the development 
of innovative solutions that create value for society.

One of BASF’s initiatives, the Network for Advanced 
Materials Open Research (NAO), facilitates open 
innovation by providing a regional platform for BASF 
scientists to collaborate with academics from top Asian 
universities.This platform enables the exchange of 
ideas, co-creation of new solutions, and the translation 
of research results into products and industry processes.

Through these industry-academia collaborations, 
BASF gains access to new technologies and explores 
new business areas.The multidisciplinary approach, 
combining modeling and experimental work, has been a 
key factor in achieving significant milestones in various 
projects, such as optimizing formulations for coatings 
and insulation applications,[21] as in Fig. 4.

Nature-Inspired Nanocoatings
A. Biomimetic Nanocoatings (Lotus Effect)

Lotus leaves exhibit a remarkable “self-cleaning” 
property known as the “Lotus Effect,” where water 
droplets effortlessly roll off the leaf’s surface, carrying 
away dirt and contaminants.This phenomenon is 
attributed to the hierarchical micro-nanostructure of the 
leaf’s surface, consisting of microscale protrusions and 
nanoscale wax crystals that create a superhydrophobic 
surface.The Lotus Effect has inspired the development 
of biomimetic nanocoatings that mimic the lotus leaf’s 
surface structure. These coatings possess a combination 
of microscale and nanoscale features that enable 
superhydrophobicity, characterized by water contact 
angles greater than 150°.[22] 

Various coating materials have been explored to replicate 
the Lotus Effect, including:

1. Carbon Nanotubes (CNT): CNT coatings can 
achieve sliding angles as low as 2°, comparable 
to the lotus leaf. 

2. Silicon Dioxide (SiO₂): SiO₂ coatings can create 
contact angles similar to the lotus leaf, around 
150°, due to their replication of the leaf’s 
nanostructure and microscale protrusions. 

3. Polytetrafluoroethylene (PTFE) Composites: 
Coatings like polyphenylene sulfide/PTFE 
(PPS/PTFE) can mimic the lotus leaf’s 
superhydrophobicity and achieve contact angles 
exceeding 150°.

Fig. 4: Drug Delivery Applications of Nanoparticles
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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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4. Metal Oxides: Coatings based on metal oxides, 
such as calcium hydroxide (Ca(OH)₂), copper 
(Cu), nickel-copper (Ni-Cu), and aluminum-
doped tin oxide (ATO), can also exhibit contact 
angles close to 150°, similar to the lotus leaf. 

B. Applications in Water-Repellent Coatings

The superhydrophobic and self-cleaning properties of 
lotus-leaf-inspired biomimetic nanocoatings have various 
practical applications in water-repellent coatings:

1. Anti-Corrosion: Coatings like fluorooctyl-
triethoxysilane-TiO₂ (FOTS-TiO₂), ATO/polyure-
thane (ATO/PU), and PPS/PTFE have shown su-
perior anti-corrosive properties along with their 
hydrophobicity.

2. Thermal and Chemical Stability: Some coatings, 
such as FOTS-TiO₂, ATO/PU, and PPS/PTFE, 
possess high thermal stability, while others 
like polydimethylsiloxane (PDMS), Cu, and 
poly(methyl methacrylate) (PMMA) exhibit high 
chemical stability.

3. UV Durability and Oxidation Resistance: 
Coatings like PMMA, zinc oxide (ZnO), and CNT are 
UV-durable and resistant to oxidation, enhancing 
their performance in outdoor conditions and 
retaining their original aesthetic appearance.

4. Abrasion and Wear Resistance: Materials like 
SiO₂, PMMA, and PPS/PTFE demonstrate high 

abrasion or wear resistance and good anti-scaling 
ability due to their strong binding adhesion with 
the underlying substrate.

5. Light Absorbance and Transmission: The 
rough, wrinkled micro-nano surface structure 
of lotus-leaf biomimetic coatings can reduce 
sunlight reflection, increasing light absorbance 
and transmission, making them suitable for 
applications like solar cells.

6. Anti-Icing Capacity: The superhydrophobicity 
and nanoscale features of these coatings can 
prevent ice formation or weaken the ice-coating 
bond, reducing the risk of damage caused by 
frost action during freezing conditions.

7. Anti-Fouling Ability: Superamphiphobic coatings 
inspired by the lotus leaf, such as Cu and FOTS-
TiO₂, can repel not only water but also salt water, 
acidic, and basic liquids, exhibiting anti-bacterial 
activity and self-cleaning capabilities, making 
them suitable for anti-fouling applications in 
various environments.

Nanomembranes in Chemical Processing

Nanomembranes offer a promising solution for various 
chemical processes, including carbon capture, water 
desalination, and chlor-alkali chemical production as in 
Fig. 5.

Fig. 5: Molecular Diagnostics with Gold Nanoparticles
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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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A. Role in Carbon Capture, Water Desalination

Nanomembranes are thin, selectively permeable 
membranes, typically less than 100 nanometers in 
thickness, that can remove contaminants from water 
based on size, charge, and other properties.Their small 
pore size allows them to filter out even the smallest 
particles, including viruses and bacteria, making them 
highly effective in removing emerging contaminants.
Nanomembranes also have low operational costs, 
requiring minimal energy and equipment compared 
to chemical treatment methods.Additionally, they 
have a reduced environmental impact, producing less 
waste and requiring fewer chemicals, resulting in a 
smaller carbon footprint. However, nanomembranes 
face challenges such as fouling and scaling, where 
contaminants accumulate on the membrane surface, 
reducing its efficiency over time.Cost-effectiveness is 
another concern, as nanomembranes can be expensive 
to produce due to the high cost of raw materials and 
complex manufacturing processes.Researchers are 
exploring alternative materials like graphene and 2D 
materials to reduce costs while maintaining performance.
There are also concerns about the potential impact of 
nanomaterials on the environment during manufacturing 
and disposal as per Fig. 6. 

C. Chlor-alkali Chemical Production

In the chlor-alkali industry, sodium hydroxide (NaOH) 
and chlorine gas (Cl₂) are produced as a result of the 
electrolysis of NaCl.Industrial salt (NaCl) contains 
impurities, including sodium sulfate (Na₂SO₄), which 

can accumulate and cause operational problems in the 
membrane cells if not removed.The sulfate ions (SO₄²⁻) 
have a negative effect on the plant’s electrolyzer, 
and their concentration needs to be kept low. The 
most technical and economical solution to remove 
sulfates from chlor-alkali brine is through nanofiltration 
membrane technology.Nanofiltration membranes can be 
chosen with high affinity to Na₂SO₄ rejection, allowing 
the NaCl brine to be recirculated more effectively.
However, a common characteristic of the chlor-alkali 
brine is its high temperature (up to 70°C), which exceeds 
the temperature limitation of most commercially 
available nanofiltration membranes (typically 40-
45°C). Lenntech applies high-temperature-resistant 
nanofiltration membranes that can remove sulfate from 
the NaCl brine at 70°C, eliminating the need for cooling 
and reheating the brine.This approach offers advantages 
such as lower system costs, high energy savings, high-
quality treated brine, and reduced chemical usage for 
sulfate precipitation.Lenntech can design, engineer, and 
build nanofiltration systems to treat chlor-alkali brine, 
providing technical and economical solutions. 

D. Emerging Nanotechnologies in Chemical Industry

Unfortunately, the provided factual keypoints do not 
contain any relevant information about emerging 
nanotechnologies in the chemical industry, metal-
organic frameworks (MOFs) for separations, or potential 
applications in petrochemicals. The keypoints only 
mention error messages and lack of content related 
to these topics. Without any substantive information, 

Fig. 6: The Evolution of Nanomedicine:
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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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I cannot generate meaningful content for this section 
and its subsections. Please provide factual keypoints 
containing relevant details about these topics to enable 
me to write an informative section.

Conclusion

Nanotechnology has undoubtedly revolutionized 
numerous aspects of the chemical industry, enabling 
unprecedented advancements in various domains. 
From catalysis and polymer manufacturing to sunscreen 
formulations and environmental remediation, the 
integration of nanoparticles and nanomaterials has 
yielded remarkable results. These innovations have not 
only improved process efficiency and product quality but 
have also paved the way for more sustainable and eco-
friendly practices.The future holds even greater promise 
as researchers continue to explore the vast potential 
of nanotechnology. With ongoing industry-academia 
collaborations and the development of groundbreaking 
techniques like nature-inspired nanocoatings and 
advanced nanomembranes, the chemical industry is 
poised to embrace a new era of innovation. As we delve 
deeper into the realm of nanotechnology, we can expect 
to witness its transformative impact on diverse sectors, 
driving progress and shaping a more sustainable future.
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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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