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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
Nanomaterials have transformed the way catalysis can be done giving an exceptional 
property to control over such catalytic activity, selectivity and also stability thanks to 
their extraordinary physicochemical nanoscale properties. This is a general overview 
of all of the recent progress in the design approaches of nanomaterials with specific 
focus to catalytic application through approaches of size, shape, composition and 
surface functionalization. We discussed and investigated essential reaction dynamics 
that went through the bubble of catalyst performance, a dynamics of active sites, 
electron and adsorption dynamics. Moreover, the article has discussed some of the new 
industrial uses of nanocatalysts in a broad range of industries like energy conversion, 
environmental cure, and production of chemical products. Although scale up has been 
achieved, other challenges that exist are associated with how to scale up the synthesis 
modes, improve the durability of catalysts, and how to integrate nanomaterials with the 
ongoing industrial processes. Last but not least, we mentioned about future outlooks 
which has potential of giving sustainable and efficient catalytic technologies by advance 
nanomaterial engineering.
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Introduction

Modern chemical industries are based on catalysis 
that plays an important role in the acceleration of the 
chemical reactions and increases the process efficiencies. 
This has, in the last several decades, changed catalysis 
with the introduction of nanotechnology, which has 
led to the design and synthesis of nanomaterials, with 
precisely tunable properties not realizable in bulk 
materials. Nanomaterials Nanomaterials are usually 
described as materials with one or more dimensions in 
the 1100 nm size range. The size related properties of the 
nanomaterials include: higher surface area-to-volume 
ratio, quantum size effect and controllable surface  
chemistry.

Such specifics of the nanomaterials introduced new 
horizons in catalysis, with heterogeneous, homogeneous, 
photocatalysis, electrocatalysis. The size, shape, 
composition, and surface properties of nanoparticles 
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are controllable, which means that the activity sites 
can be designed on an atomic or molecular scale so 
that catalytic activity, selectivity and stability are 
maximized. As an example, metal nanoparticles like 
platinum, palladium and gold have been shown to exhibit 
better catalytic activity in hydrogenation and oxidation 
reactions as well as carboncarbon coupling reactions 
as compared to their bulk analogues. Likewise, metal 
oxide nanostructures and carbon-based nanomaterials 
such as graphene and carbon nanotubes provide general 
redox solution and electrochemical energy conversion  
platforms.

Areas of nanomaterials in catalysis, therefore, include 
the creation of new catalysts with improved properties, 
understanding of the mechanism of reactions at the 
nanoscale and its application in any number of catalytic 
processes including energy production, environmental 
cleanup and fine chemical production.
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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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Combination of nanomaterials and catalysis has huge 
implications with regards to industrial application and 
this possibly touches on areas like petrochemicals, 
environmental management, pharmaceuticals and 
energy. Industrial catalysis high activity and selectivity 
are both necessities, as is long-term catalyst stability 
and cost-effectiveness to achieve large scale production 
and sustainability objectives.

Nanocatalysts solve a number of problems related to 
using conventional catalysts in the industry. Because 
of their large surface area, there are more active 
sites per given mass of reactant making them more 
efficient catalysts, and thus they use less precious 
metal, making them cheaper to produce. Also, the 
controllable characteristics of nanomaterials facilitate 
better selectivity that is essential in the reduction of 
by-products and waste in multiplex chemical syntheses. 
To illustrate, in hydrocarbon reforming, selective 
hydrogenation, and Fischer-Tropsch synthesis, controlled 
morphology supported metal nanoparticles proved to be 
successful to a great extent.

In addition, new industrial uses exploit the nanomaterial 
potential in clean energy fields, such as fuel cells, water 
splitting, and CO2 reduction, which help the international 
community achieve its clean energy goals and low-carbon 
energy structures. Nanomaterials allow environmental 
catalysis to work efficiently in degradation of pollution 
as well as mitigating green house gas.

Along with these benefits there have been some obstacles 
that have necessitated much research to break through 
and overcome these barriers which include catalyst 
sintering, catalyst deactivation and large scale synthesis 
of nanomaterials which all are major issues that need 
some solutions to overcome to make it a realistic 
project to use in real industries. Therefore, unending 
studies of nanomaterial design, mechanism, and reactor 
incorporation are necessary in the development of 
catalytic technologies with both industry performance 
and sustainability benchmarks.

Types of Nanomaterials Used in Catalysis

The types of nanomaterials applied in catalysis are diverse, 
as each of them has an own range of benefits on the 
basis of its composition, structure, and physicochemical 
properties. The most industrially pertinent and widely-
used studies on the subject of nanomaterials in catalytic 
processes include the following categories. Catalytic 
nanomaterials can be broadly classified according to 
their composition and structure as shown in Fig. 1 as 
the composition and structural differences lead to their 
variable reactivity and stability levels. 

Metal Nanoparticles

Nanoparticles of metal (NPs) belong to the nanocatalysts 
that are most studied because of their unusual capacity 
and selectivity. Well known metals are the noble ones 
like platinum (Pt), palladium (Pd), gold (Au), rhodium 
(Rh) and silver (Ag) and base metals like nickel (Ni), 
copper (Cu) and cobalt (Co). Such nanoparticles are 
usually between 1 and 10 nm, occupying a regime where 
quantum effects are size dependent and surface-to-
volume ratios are high and thus, improve the catalytic 
effects. Metal NP is being used as the active site in a 
wide range of reactions, such as in hydrogenation, 
oxidation, carbon-carbon combination (e.g., Suzuki or 
Heck reaction), electrocatalysis (e.g., oxygen reduction 
in a fuel cell). 

The ability to exhibit catalytic behavior is highly reliant 
on the size, shape, and surface facets of particles e.g. 
Pt nanoparticles are particularly active in a reduction 
reaction with oxygen in the presence of certain 
surface facets. Further, the stability to agglomeration 
and sintering of particles is also of great importance 
to the long term industrial use. Immobilization of 
nanoparticles on supports and surface modification are 
two of the strategies that are being used to improve the 
nanoparticle stability as well as their reusability. 

Metal Oxides

Metal oxide nanomaterials constitute a wide range of 
catalysts and have redox, acid-base and oxygen mobility 
capabilities, which qualify them to be used in oxidation, 
reduction and acid/base catalysis. Titanium dioxide  
( TiO 2 ), cerium oxide (CeO2 ), manganese oxide ( MnO2 )  
and vanadium pentoxide (V 2 O 5 ) are the most studied 
transition metal oxides with photocatalytic as well as 
thermocatalytic activity.

The nanostructured metal oxides have band gaps that 
are tuneable, defect sites, and surface hydroxyl groups, 

Fig. 1: Classification of Nanomaterials for Catalysis
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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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which affect their catalytic properties in terms of activity 
and selectivity. As an example, TiO-Nanoparticles have 
been increasingly applied in organic pollutant and water 
oxidation through photocatalytic degradation since 
they are extraordinarily abysmal under UV reactions. 
The oxygen storage capacity of CeO 2 nanocatalysts 
makes them desirable and broadly used in catalytic 
converters and fuel cells in automobiles. Surface 
reactivity is also decisive with the morphology of metal 
oxide nanostructures surface reactivity i.e., nanorods, 
nanowires, and nanosheets.

Carbon-Based Nanomaterials

Nanomaterials of carbon, graphene, graphene oxide, 
carbon nanotubes (CNTs Fushim et al., 2014 ), and 
carbon quantum dots have become versatile catalytic 
materials and catalyst support. Such materials are highly 
conductive, have high surface area, chemical stability 
and easily modified surface chemistry.

Graphene and CNTs may serve as active catalysts in metal-
free catalysis in reactions, e.g. oxygen reduction reaction 
and hydrogen evolution reaction and are frequently 
ascribed to heteroatom doping (e.g. N, B, S-doped) creating 
catalytically active sites. More usually, they are used as 
supports to spread metal or metal oxide nanoparticles 
that enhance stability of catalyst and electron transfer in 
catalytic reaction. Their favorable high aspect ratio and 
two-dimensional structure are the reasons why they are 
very effective in transport of mass and catalytic activity. 
Also, photocatalysis and electrocatalysis have their focus 
on carbon-based materials as the materials have good 
charge carrier properties.

Hybrid or Composite Materials

Hybrid/Composite nanomaterials take two or more 
conventional nanomaterials and combine them 
in a synergistic mash up in order to maximise 
catalytic performance. These are metal-metal oxide 
combinations, metal-carbon hybrids, and multi-
component nanostructures that are developed with the 
aim of maximizing accessibility of active sites, electron 
transfer, and stability.

As an example, metal nanoparticles on metal oxide 
nanostructures can give catalysts with higher activity 
under the influence of the metal-support interactions, 
charge transfer effects, as well as better sintering 
resistance. Examples are Pt/CeO 2 car catalysis, and Au/
TiO 2 photocatalytic. Metal carbon composites use the 
conductivity of carbon supports and the ability of metals 
to act as catalysts to better influence their electron 
transfer and stable characteristics.

Moreover, novel materials (nanostructures, metal-organic 
frameworks or MOFs, covalent organic frameworks or 
COFs) that are getting into vogue in the community as 
possible hybrid catalysts (active sites and highly tunable 
porosity leading to selective catalysis).

Design Strategies

Nanomaterials exhibit very sensitive catalytic activity 
which is highly dependent on their structure and 
composition. Rational design strategies that target size, 
shape, surface chemistry, composition, and support 
interactions allow the catalyst to be tuned in a specific 
way to control the activity, specificity, and stability. 
The major design strategies commonly used to develop 
nanocatalysts are given below:

Size and Morphology Control

Nanoparticle size has a tremendous effect on 
catalytic ability owing to changes in the surface atom 
coordination, electronic structure and quantum effects. 
Small nanoparticles tend to provide a larger fraction of 
low-coordinated surface atoms like edges and corners 
that can form very active catalysts. Nevertheless, in 
the case of very small particles, there is a possibility 
of instability and aggregation. The morphology control 
aids in further catalytic activity and selectivity tuning 
by tailoring the shape and crystallographic facets 
of nanomaterials. In another example, the shape of 
metal nanoparticles, of the type cubic, octahedral, 
and tetrahedral, exposes various surface facets (e.g., 
{100}, {111}) that favour adsorption of the reactants 
or intermediates. Template-assisted synthesis, seed-
mediated growth and solvothermal growth allow a 
controlled synthesis of nano crystals with a desired size 
distribution and shape. Anisotropic materials such as 
nanowires, nanorods, nanosheets and nanoplates, which 
display anisotropy in properties, improved electron 
transport characteristics and a greater surface area, are 
also producible via the nanomachining process and they 
have potential in photocatalysis and electrocatalysis 
applications. The metal nanoparticle catalytic process 
is normally cycles in the process of adsorption, surface 
reaction, and desorption as shown in Fig. 2.

Surface Functionalization

Surface functionalization makes possible the alteration 
of the surface chemistry of nanomaterials to make them 
more effective catalysts and more stable. This involves 
the bonding of organic ligands or polymers, or small 
molecules that can be used to customize surface polarity 
and electronic character and response to reactants.
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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 functional groups may also serve as selective 
binding points or can occlude disadvantageous surface 
sites to increase the selectivity of the reaction. As an 
example, adsorption energies and catalytic routes may 
be affected by adding thiol, amine, or carboxyl groups to 
the surface of nanoparticles. Besides, functionalization 
may prevent nanoparticle aggregation by rendering 
steric or electrostatic stabilization, thereby enhancing 
the durability of the catalyst.

Since photocatalysis involves the absorption of light, 
there is the possibility of adding surface modifiers on 
the product to increase absorption length and charge 
separation. In electrocatalysis, conductive polymer 
functionalization or heteroatom functionalization can 
be used to increase electrical conductivity and the 
accessibility of the active site.

Doping and Alloying

The effective composition design methodologies are 
doping and alloying to accommodate the modification 
of electronic structure and catalytic activity of 
nanomaterials. Doping can be defined as the deliberate 
addition of foreign atoms to a host nanomaterial, absence 
or presence of foreign atoms, and is substitutional 
or interstitial. Doping is used to either modify the 
charge density or band structure and properties of the 
adsorption.

Through combination of two or more metals, alloy 
nanoparticles often produce synergetic effects that 
bring about an increased catalytic activity and stability 
over monometallic systems. The binding force of the 
intermediates can be adjusted through alloying, which 
also enhances reaction energetics and poisons and 
sintering resistance.

Examples of the former include Pt-Ru alloys to oxidize 
methanol, Pd-Au alloys to hydrogenate selectively and 
Co-Ni alloys to evolve oxygen. Armature distribution 
and alloying (core shell, random alloy or segregated 
phases) significantly influence catalytic properties 
and thus can be manipulated synthetically through 
synthetic control.

Support Interactions

Examples of key design details which impact the 
catalyst dispersion, stability, and activity are the 
interaction between nanocatalysts and their supports. 
They can be inert (e.g., silica, alumina) or active (e.g., 
reducible metal oxides such as CeO 2, TiO 2) and afford 
nanoparticles an excellent surface area material on 
which they can be dispersed to avoid agglomeration.

Such effects that might be achieved at strong metal-
support interactions (SMSI) include changes in the 
electronic structure of the supported nanoparticles, 
change in the adsorption properties, and charge-transfer 
leading to catalytic performance. As another example, 
Pt nanoparticles deposited on TiO 2 lead to an increase 
in the catalytic activity of oxidation reactions with the 
electron transfer at the interface.

Also, supports affect the wear resistance of catalysts by 
preventing the sintering and leaching of nanoparticles 
that is essential to industrial use. They create 
functionalized carbon materials, porous structures 
(MOFs, zeolites), and mesoporous oxides, giving 
controllable surface chemistry and porosity to facilitate 
the diffusion of reactants and removal of products.

Mechanistic Insights

It is important to understand the underlying physical 
mechanisms of catalytic reactions at nanoscopic 
dimensions in order to be able to design rational catalysts 
and to implement ways of improving their performance. 
Mechanistic understanding also explains the interaction 
of reactants with the c4atalyst surface, understanding 
of the role of active sites in bond breaking and formation 
and the effect of charge transfer in controlling reaction 
paths. Nanomaterial catalysis has been found to study 
the following important mechanistic factors:

Fig. 2
Schematic representation of a catalytic cycle on metal 
nanoparticles, highlighting the sequence of reactant 

adsorption, surface reaction, and desorption.



M.R. Usikalu and Fasil Beyene : Advances in Nanomaterials for Catalysis: Design Strategies, Reaction Mechanisms, and  
Emerging Industrial Applications

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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.

Author’s e-mail: ishratzahanmukti16@gmail.com, ebad.eee.cuet@gmail.com, kou-
shikkumarbiswas13@gmail.com

How to cite this article:  Mukti IZ, Khan ER, Biswas KK. 1.8-V Low Power, High-Res-
olution, High-Speed Comparator With Low Offset Voltage Implemented in 
45nm CMOS Technology. Journal of VLSI Circuits and System Vol. 6, No. 1, 2024 (pp. 
19-24).

Journal of VLSI Circuits and Systems, ISSN: 2582-1458 Vol. 6, No. 1, 2024 (pp. 19-24) 

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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Adsorption-Desorption Kinetics

The kinetic properties of reaction are controlled by 
adsorption and desorption processes that determine 
the availability of reactants and intermediates on the 
surface of a catalyst and the overall rate and selectivity 
of a reaction. Adsorption Adsorption is the process of 
binding of the reactant molecules with the active sites 
of the nanocatalyst by means of physisorption (weak van 
der Waals binding) or chemisorption (strong covalent or 
ionic binding). 

Kinetic balance of adsorption-desorption defines the 
surface coverage and the frequency with which the 
reaction consumes a species. Since strong adsorption 
can work to facilitate activation through stabilization 
of intermediates, high adsorptions can also cause site 
blocking or poisoning in the event that desorption is 
inhibited. On the other hand, the adsorption might 
be weak, thus, allowing inadequate interaction time 
to proceed with the progress of the reaction. At the 
nanoscale level adsorption energies depend on the size 
of particles, on their morphology and on their electronic 
structure. 

As an example, low-coordinated atoms on the edges of 
nanoparticles usually have a stronger adsorption. The 
adsorption kinetics can be investigated in detail with 
the help of temperature-programmed desorption (TPD) 
and spectroscopy (e.g., FTIR, XPS) methods in order to 
identify surface species. Adsorption is characterized by 
Langmuir-Hinshelwood and Eley-Rideal mechanisms, 
besides which the characterization of the surface 
reaction is limited by adsorption mechanisms, aiding the 
prediction of the catalytic rates at different conditions. 

Figure 3 shows a mechanistic overview of nano-scale 
catalytic cycles with an additional focus on the dynamic 
response of phase adsorption and reaction rate.

Example: CO Oxidation on Platinum Nanoparticles

The most common catalysts in the oxidization of CO are 
platinum (Pt) nanoparticles. Research indicates that CO 
has a strong affinity to Pt surfaces with affinity to low-
coordinated atoms at edges and corners. Nevertheless, in 
the case of excessive adsorption of CO on the catalyst, 
the catalyst may become poisoned through the occlusion 
of active sites, which decreases oxygen adsorption, the 
requirement of CO oxidation. Size and shape optimisation 
of nanoparticles balances adsorption capacity and yields 
the maximum turnover. In temperature-programmed 
desorption (TPD) experiments, peaks in the desorption 
of CO onto various positions on the catalyst surface are 
observed and this process is used to fine tune the feelings 
of the catalyst in order to achieve the best possible 
kinetics.

Active Site Identification

Active sites can be referred to as particular atomic 
arrangements that exist on the catalyst surface, 
where the reactants are adsorbed and a chemical 
transformation takes place. It is important to identify 
these sites to make a correlation between the structure 
of the catalyst and activity as well as to design high-
performance catalysts. 

The active sites may be low-coordinated atoms (edges 
and corners), defect sites (vacancies, steps), dopants 
(heteroatoms) or interfaces when composite catalysts 
are involved. Active sites can also be visualized directly 
by advanced techniques of characterization like scanning 
tunneling microscopy (STM), atomic force microscopy 
(AFM), and high resolution transmission electron 
microscopy (HRTEM). 

Chemical state and coordination is obtained by 
spectroscopic methods such as X-ray absorption 
spectroscopy (XAS), electron paramagnetic resonance 
(EPR), and in situ infrared spectroscopy. In addition, 
operando methods also allow examination of active 
sites during reaction conditions whereby dynamic 
structural changes are observed. Such computational 
methods as density functional theory (DFT) simulation 
are often used to supplement experiments in predicting 
active site geometries and adsorption energies, as well 
as reaction pathways allowing the experimental design 
of catalysts.

Fig. 3: Mechanistic Cycle of Metal  
Nanoparticle Catalysis

Mechanistic cycle of metal nanoparticle catalysis 
showing sequential stages of reactant interaction.
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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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Example: 
Oxygen Reduction Reaction (ORR) on Nitrogen-Doped 
Carbon Nanomaterials

Nitrogen-doped graphene has been shown to be one 
of the desirable metal-free electrocatalysts whose 
catalytically active sites with ORR are the pyridinic and 
graphitic nitrogen atoms located in the carbon lattice. 
Researchers have identified these nitrogen structures as 
the factors contributing to increased ORR activity as they 
promote O 2 adsorption and electron transfer using X-ray 
photoelectron spectroscopy (XPS) and density functional 
theory (DFT) calculations. This knowledge informs the 
production of carbon catalysts subjected to controlled 
nitrogen doping to provide the best performance in fuel 
cells.

Electron/Charge Transfer Mechanisms

Catalytic reactions Charge transfer at a catalyst surface 
is a key factor in catalytic reactions in general, and in 
electrocatalysis and photocatalysis, in particular, electron 
or hole transfer can be the driving force of the chemical 
changes that take place. The reactants activation, 
formation of intermediates, and the product desorption 
are controlled by the electron transfer mechanisms. 
Afterwards, in heterogeneous catalysis, a semiconductor 
or applied metal catalyst surface can donate or receive 
electrons in order to break or form a bond. The rate 
of this process lies in the electronic structure, work 
function and conductivity of the nanomaterial. In photo 
catalysis, the light-excited charge carriers (electrons 
and holes) formed upon light absorption travel to 
the surface active sites in order to trigger redox 
reactions. Recombination of charge carriers minimizes 
the efficiency, nanomaterial design therefore seeks to 
increase the charge separation and transfer through 
heterojunctions, doping, or even surface co-catalysts. 
Electrochemical methods, e.g. cyclic voltammetry 
(CV), electrochemical impedance spectroscopy (EIS) 
and chronoamperometry, observe the kinetics of charge 
transfer and the properties at interfaces. The dynamics 
of charge carriers in photocatalytic systems explained 
by the means of time-resolved spectroscopy. In general, 
when you have a much better sense of how the electron 
transfer process works, then you can vary the electronic 
properties of the nanocatalysts in order to optimize the 
activity and selectivity of the catalysis.

Example: 
Photocatalytic Water Splitting on TiO₂ Nanostructures

One of the most famous photocatalysers of water splitting 
is titanium dioxide (TiO 2 ) nanoparticles. When UV is 

incident on the molecule, it produces electronhole pairs; 
effective separation and transfer to the active sites on the 
surface are essential to produce the hydrogen evolution 
and oxygen evolution reactions. Other strategies such as 
transition metal doping (e.g., Fe, Co) or graphene coupling 
can enhance charge carrier lifetime due to the fast, non-
radiative transfer and electron transfer to graphene and slow 
down recombination. Optical analysis Tracking the dynamics 
of charge carriers Time-resolved photoluminescence 
spectroscopy has been exploited to demonstrate a better 
charge transfer in modified nanomaterials.

Industrial Applications

Nanomaterials have played a great role in influencing 
the activities of the different industries through their 
ability to optimize catalytic effects, selectivity, and 
sustainability. Their novelty has facilitated innovations 
in the conversion of energy, and environmental cleanup 
and chemical production, which have led to advances 
in the creation of greener and more cost-effective 
industrial processes. 

Energy Applications 

Fuel Cells:Nanocatalysts are important in a technology 
called fuel cell technology which is used to convert 
chemical energy to electrical energy in a very efficient 
and less pollutant manner. Platinum nanoparticles 
continue to be the gold standard catalysts in the reduction 
of oxygen processes (ORR) at the cathode of the proton 
exchange membrane fuel cells (PEMFCs). Catalytic 
activity and longevity has been greatly enhanced and 
the loading and cost of platinum has been reduced due 
to nanoscale engineering, such as shape control, alloying 
(e.g., Pt-Co, Pt-Ni) and support interactions.

Hydrogen Production: The development of all of these 
methods of sustainable hydrogen production focuses 
on nanomaterials. Nano-transitions metal phosphides, 
sulfides and nitrides are promising electrocatalysts in the 
hydrogen evolutions reaction (HER), as an alternative to 
precious metal catalysts. Water splitting in presence of 
light or sunlight can be done using photocatalysts like a 
doped TiO 2 and layered metal dichalcogenides which 
enhance the solar power absorption and separation. 
This capability to design nanocatalysts towards reaction 
routes makes it possible to efficiently produce hydrogen 
scale-up which is vital to a future hydrogen economy. 

Environmental Applications

CO₂ Reduction:
Catalytic CO 2 conversion to producing value-added 
chemicals or fuels has the potential to solve the problem 
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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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of greenhouse gases as well as resources consumption. 
Copper nanoparticles, metalOrganic frameworks (MOFs), 
and doped carbon are examples of nanomaterials showing 
improved activity and selectivity of electrochemical 
and photocatalytic reduction of carbon dioxide (CO 2 
) reduction reactions (CO 2 RR). The size and surface 
engineering of copper nanocatalysts enable selective 
hydrocarbons and alcohol synthesis and the well-defined 
active sites and porous architecture of the MOF-based 
catalysts enable enhancement of the CO2 adsorption 
and activation.

Pollutant Degradation:

Nanocatalysts widely find their applications in degradation 
of both water and air organic pollutants via the process 
of advanced oxidation. Titanium dioxide nanoparticles 
usually in combination with sensitizers or dopants are 
used to synthesize reactive oxygen species in the presence 
of UV or visible light to oxidize a contaminant and thus 
mineralize it. The oxide nanostructure of metals like 
MnO 2 and ZnO are used as catalysts to drive the process 
of ozonation and decomposition of dyes, pharmaceutical 
residues and pesticides through photocatalytic activity. 
Nanomaterials have a high surface reactivity thus making 
pollutant removal sustainable and efficient hence 
assisting in protecting the environment.

Chemical Industry Applications

Fine Chemical Synthesis:

Nanocatalysts enable extremely selective reactions 
during the production of the pharmaceuticals, 
agrochemicals, and specialty chemicals. The catalytic 
hydrogenations, carboncarbon couplings (e.g., Suzuki, 
Heck reactions), and oxidations under reduced by-
products and enhanced yields are potentially supported 
metal nanoparticles (Pd, Pt, Rh). Excellent control of 
nanoparticle size, shape and surface chemistry provide 
the enhanced recyclability of catalysts and performance 
of the process they are used in, and are in line with 
green chemistry.

Ammonia Production:

Ammonia is produced by a high-energy HaberBosch 
process that has traditionally used iron-based catalysts 
at high temperature and pressure. Much research 
effort has been devoted to nanostructured catalysts 
such as supported ruthenium nanoparticles that have 
demonstrated enhanced future versatility in ammonia 
synthesis at lower temperatures under better catalytic 
activity. Further development in catalysts and processes 
that focus on adoption and activation of nitrogen 
chemistry may allow more sustainable, decentralised 

storage of ammonia, an essential component of fertiliser 
manufacture and chemical feedstocks. Nanocatalysis 
can have several benefits as depicted in Fig. 5 such as 
high activity, excellent selectivity, recyclability and 
environment friendliness, which makes it an attractive 
option when industrial transformation is needed to be 
sustainable. 

A comparative overview of nano materials in the context 
of industrial catalysis is given in Table 1, reflecting the 
high variation in functionality and benefit to applications. 
Table 1. The effectiveness of various nanomaterial types 
in catalytic processes and their strengths along with 
major indicators.

Challenges and Future Outlook

The impressive breakthrough in the nanomaterials in the 
field of catalysis and its industrial applications, there is 
a need to overcome a number of challenges to facilitate 
the widespread realization in commercialization, and 
sustainable assimilation. These gaps form an important 
aspect of meeting the potential of nanocatalysts striving.

1.  Scalability

Synthesis of nanomaterials as catalysts Traditionally, 
reproducible processes in scale are relatively difficult 
in laboratory based nanomaterials having catalytic 
potential. Many advanced nanostructures with specific 
dimensions, shapes and compositions are currently 
synthesized through multistep processes that are 

Fig. 4: Opportunities of Nanocatalysis
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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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challenging to scale and still present uniformity and 
functionality. The scaling techniques typically used 
in the batch process have low yield and inconsistency 
of product, which means that they are unacceptably 
expensive on a commercial scale. 

To counteract this, continuous flow reactors, scalable self 
assembly and greener synthesis routes using solvents and 
precursors that are benign to the environment are being 
actively developed. In addition, it is necessary to work 
out some standardized procedures and quality assurance 
practices that provide the consistent properties of the 
catalyst at the large scale. Scalable manufacturing 
should further look at availability of raw materials, 
economic viability, and concerns on the environment as 
well as balance between high performance and industrial 
issues.

2.  Stability and Recyclability

Nano catalysts are susceptible to deactivation by 
sintering, leaching, poisoning, and degradation of the 
structure in the harsh conditions that may be present 
in industrial processes. Since nanoparticles have high 
surface energy and they are tiny, they are easily prone 
to aggregation and loss of active surface area with 
time. Catalyst stability over long periods is a large 
challenge because it has to be simultaneously active. 
Metal-support interactions are very strong, which is 
another strategy implemented to improve durability, 
as well as encapsulating in a porous matrix or surface 
functionalization. 

Also, the area of developing self-healing or regenerable 
catalysts and restoring their activity upon mild treatment 

has emerged. The recyclability and recovery of catalysts 
carry great weight as far as economic and environmental 
sustainability is concerned. The combination of effective 
separation methods, including those based on magnetic 
recovery or membrane filtration, and methods of 
catalyst regeneration have to be incorporated into 
process designs to reduce volumes of waste and cost of 
operations.

3. Integration with Reactor Technologies

The realisation of nanocatalysts in any significant 
industrial application will necessitate the easy 
integration of these materials with reactor systems 
designed to optimise mass and heat transfer, scalability 
and process control. The conventional stirred tank or 
slurry reactors have the potential to miss opportunities 
available with the unique properties of nanomaterials 
thus requiring new types of reactors. Microreactors, 
fluidized beds and membrane reactors allow more 
control over reactant contact and temperature variations 
and catalyst exposure that will increase the reaction 
rates and selectivity. By anchoring nanocatalysts onto 
structured supports or having confined nanocatalysts 
in multi-level porous architectures, an improvement 
in catalyst accessibility and minimisation of pressure 
drop can be achieved. In addition, simultaneous and 
continuous monitoring and manipulation through in situ 
and operando characterization methods can be used 
to dynamically optimize the process by modifying the 
process conditions in response to changing feedstocks or 
conditions. The approaches such as continuous flow and 
modular reactors, in combination with nanocatalysts, 
will give an opportunity to enhance the process 
intensification and flexible manufacturing.

Table 1: Comparative Performance of Nanomaterials in Key Catalytic Applications

Nanomaterial Type
Example 

Composition
Application 

Domain Catalytic Function
Key Performance 

Metrics Advantages

Metal 
Nanoparticles

Pt, Pd, Au, Ni, Cu Hydrogenation, 
Fuel Cells

ORR, C–C Coupling, 
Redox

High TOF, Low 
Overpotential, 
Selectivity ↑

High activity, 
tunable 
morphology

Metal Oxides TiO₂, CeO₂, MnO₂, 
V₂O₅

Photocatalysis, 
Redox

Water splitting, 
VOC degradation

Bandgap ≈ 2–3 eV, 
Light absorption ↑

Redox-active, 
abundant, scalable

Carbon-Based Graphene, CNT, 
CQDs

Electrocatalysis, 
Metal-free

HER, ORR, 
pollutant 
degradation

High conductivity, 
Onset potential ≈ 
0.2–0.3 V

Lightweight, metal-
free catalysis

Hybrid Composites Pt/CeO₂, Au/TiO₂, 
Pd/Graphene

Multi-functional 
Catalysis

Photocatalysis, 
CO₂RR, NH₃ 
synthesis

Enhanced synergy, 
Dual-site activation

Improved charge 
transfer, sinter 
resistance

MOFs/COFs ZIF-8, MIL-101, 
COF-300

CO₂ capture, 
Selective oxidation

CO₂RR, Alcohol 
oxidation

High porosity (BET 
> 1000 m²/g), 
Selectivity ↑

Tailorable pore 
structure, reusable
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AbstrAct

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

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Future Outlook

Materials science, process engineering, and computa-
tional modeling will meet in the future of nanomaterial  
catalysis. Improved knowledge in high-throughput ex-
perimentation and the field of machine learning may 
increase the speed at which optimal catalysts may be 
discovered based on the particular problem of interest 
in industry.

Creation of sustainable, earth-abundant and non-toxic 
nanocatalysts is within the context of sustainability. 
Rational design and scale-up will be facilitated by 
multiscale modeling, which is needed to connect 
atomistic and reactor-scale phenomena.

It is important to have collaborative ventures of the 
academia, industry, and policy makers to fill the 
gaps existing in the domains of basic knowledge, 
standardization, and commercialization channels. 
Through dedicated development, nanomaterials will 
revolutionize catalysis to more effective, less polluting 
and more cost effective industrial processes in the 
future.

Conclusion

Nanomaterials have redefined the very concept of 
catalysis, providing the opportunity to tailor the 
properties of a catalyst and its distinct role in a catalytic 
process with an unparalleled level of control based on 
size, morphology, composition and surface chemistry. It 
has been argued in this review that nanomaterials form a 
broad category composed of metal nanoparticles, metal 
oxides, carbon-based materials, and hybrid composites, 
and how they take central stage in the various sectors 
of applications such as the energy, environmental, and 
chemical industries.

A mechanistic view of adsorption-desorption dynamisms, 
active site functions, and transcfers of electrons leads 
to a better comprehension that is needed to come up 
with the design of highly efficient and selective catalysts 
that are rational. Although tremendous progress has 
been achieved, issues associated with the potential to 
synthesize at scale, post-translation stability, recycling, 
and successful incorporation into reactor systems 
are severe barriers to translation of the industrial  
sector.

Additional developments require the interdisciplinary 
nature of advances in knowledge that use methods of 
progressive synthesis and operando characterization, 
computational modeling, and process engineering. 
By countering these downsides, it will be possible to 

create nanocatalysts that could be sustainable and 
economical to produce, aligned with the surging need 
of clean energy, environmental safety, and efficient 
chemical production. Such nanomaterial-aided catalysis 
offers potential which is beyond massive in terms of 
innovation and sustainability in the chemical sector and 
independence.
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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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