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

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Abstract
Fluid mechanics is still a central theme of aerospace technology as industry strives to 
exceed the technology barriers. And the principles of fluid dynamics govern aerospace 
vehicles from aircraft engines to spacecraft thrusters. In this article, we explore the 
state of the art of fluid mechanics in the field of aerospace propulsion and showcase 
some of the most important recent developments in the field. When we start to explore 
aerospace fluid mechanics, we start to explore how researchers and engineers are utilizing 
advanced computational methods, novel materials and novel design approaches to make 
better, more powerful and less environmentally devastating propulsion systems. Fluid 
mechanics finds applications from hypersonic flight to electric propulsion for spacecraft, 
and the list is as vast and growing. Let’s embark together on this exploration of the 
hottest trends in the field of aerospace propulsion systems fluid mechanics technologies 
and concepts driving us towards the next wave in aviation and space exploration.
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Aerospace Propulsion Fundamentals of Fluid 
Mechanics

Fluid mechanics science is at the heart of aerospace 
propulsion. As a basis for understanding the behavior of 
gases and liquids and a key component in the operation of 
jet engines, rocket motors and other propulsion systems 
found in aircraft and spacecraft, this foundational 
discipline governs.[1-3]

Aerodynamics and Propulsion, Principles of

Aerodynamics is a subset of the fluid mechanics, that 
is study of the air flow around an object. Aerospace 
propulsion requires us to search understanding 
aerodynamics in order to design efficient engine intakes, 
combustion chambers, and exhaust nozzles. As with 
aircraft flight, the principles of lift and drag are equally 
important to the design of propulsion systems. Controlled 
fluid flow manipulation is relied on to produce thrust 
in propulsion systems. Newton’s Third Law of Motion 
describes this as a reactive force being produced by the 
acceleration of a mass of fluid in one direction in the 
opposite direction. This is done by compressing air and 
mixing it with fuel which is ignited, then expelling the 
hot gases through a nozzle, in jet engines.[4-5]
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Fig. 1: Aerospace Propulsion Fundamentals of  
Fluid Mechanics

Shock waves and compressible Flow

The study of compressible flow becomes important as 
aerospace vehicles push the boundaries of speed. Once 
the air is travelling at high velocities, the compressibility 
of the air become important, leading causes like shock 
waves and expansion fans. In particular these effects 
have important implications for the performance of 
propulsion systems operating in supersonic and hypersonic 
flow regimes. To achieve optimal performance and avoid 
structural damage within engine components, engineers 
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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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must compute and control the formation and interaction 
of shock waves within these components. Nowadays, 
these complicated flow behaviours are modelled by 
advanced computational fluid dynamics (CFD) simulations 
to a degree of unprecedented accuracy.[6-7]

This is covered under the Thermodynamics and 
Heat Transfer
The theory of thermodynamics is also critical to 
aerospace propulsion where the energy transformations 
what happen inside of the engine are governed. 
Managcing thermal loads is just as crucial to longevity 
and efficiency of propulsion systems, and heat transfer 
is equally important to study. Control of temperatures 
within engines is an important problem in the modern 
aerospace engineers’ thermal management for 
controlling temperatures within engines to ensure 
optimal performance, but no material degradation. The 
development of advanced cooling systems and the use of 
high temperature materials in critical components are 
included.[8]

Propulsion Design using Advanced Computational 
Methods

The advancement of powerful computing resources 
has fundamentally changed the nature of aerospace 
propulsion design. Today, computational fluid dynamics 
(CFD) has evolved to become an essential aspect of the 
engineer’s tool kit as it is used for simulation and analysis 
of the complex fluid flows in propulsion systems.[9]

High-Fidelity CFD Simulations

Today CFD simulations reach unprecedented levels of 
detail and accuracy. Now, engineers can model entire 
propulsion systems, from the intake to the exhaust 
nozzle, continuing on to capture the increasingly 
intricate flow phenomena which were once invisible to 
the visual eye. These simulate component geometries, 
enable performance prediction, and identify problems 
before physical prototype construction. For advanced 
turbulence models, such as Large Eddy Simulation 
(LES) or Direct Numerical Simulation (DNS), we can 
get more in depth into the chaos of fluid flows inside 
engines. These methods are computationally intensive, 
but possess potential for more accurate predictions of 
engine performance and efficiency.[10]

CFD with Machine Learning and Artificial Intelligence

The advent of AI and machine learning in CFD for 
aerospace propulsion design is happening. With these 
technologies we are able to accelerate simulations, 
improve accuracy, and generate novel designs. 
Therefore, we can train the machine learning algorithms 

for very large datasets of CFD results to generate 
surrogate models to quickly estimate the flow behavior. 
It allows engineers to do optimization studies in a wider 
design space more efficiently. These, too, are starting 
to become known as AI driven design tools which can 
generate novel propulsion system configurations beyond 
human designers’ imagination.[11]

Table 1: CFD with Machine Learning and  
Artificial Intelligence

Principle Explanation

Compressible 
Flow

Compressible flow deals with the changes 
in air density at high speeds, important 
for efficient propulsion in supersonic and 
hypersonic aerospace systems.

Turbulence 
Modeling

Turbulence modeling is crucial for under-
standing the chaotic and irregular fluid 
motion that occurs in propulsion systems, 
affecting performance and efficiency.

Heat Transfer Heat transfer is a key consideration for 
propulsion systems, especially in high-
speed flows, where significant tempera-
ture gradients can affect material integri-
ty and engine performance.

Shock Waves Shock waves form when an object exceeds 
the speed of sound, influencing aerody-
namic forces and requiring special design 
considerations in propulsion systems.

Viscous Flow Viscous flow involves the study of fluid 
motion with high resistance, critical for 
understanding drag forces and optimizing 
fuel consumption in aircraft and space-
craft engines.

Boundary Layer 
Theory

Boundary layer theory explains the be-
havior of fluids near solid surfaces, such 
as engine walls, which directly affects 
propulsion efficiency and aerodynamic 
design.

Digital Womens and Real Time Simulation

Digital twins are gaining momentum as a concept in 
aerospace propulsion. Real time data from sensors and 
historical data, as well as predictive models are made 
available in a virtual replica of the physics system in 
these virtual replicas of physical systems. For some 
applications, real time CFD simulations have become 
feasible thanks to recent increases in compute power 
and algorithms. Then, based on current operating 
conditions, engine parameters can be adjusted on the 
fly for better efficiency and lower wear.[12]

Novel Materials and Manufacturing techniques

Innovations in aerospace propulsion system are driven by 
the development new materials and new manufacturing 
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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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methods. These advances are leading to materials that 
are lighter, stronger and more heat resistant components 
able to stretch the limits of what can be conceived 
in engine design. Because engines operate at higher 
temperatures to improve efficiency, there has been a 
greater demand for materials that can endure extreme 
conditions. Hot sections of jet engines are typically 
made of nickel based superalloys which are being refined 
and improved to run hotter. Ceramic matrix composites 
(CMCs) are presently being investigated as a potential 
alternative to metal alloys in some engine components. 
The high temperature performance of these materials 
is exceptional, and the weight savings are significant. 
Challenges to manufacturing and long term durability 
are being overcome so that CMCs can be more broadly 
used in aerospace propulsion.[13]

Additive Manufacturing of Complex Geometries
New buzz term additive manufacturing (aka 3D printing) 
is redefining aerospace propulsion components production. 
With this technology, complex geometries that were 
impossible or impossible to manufacture by traditional 
methods can be created. Additive manufacturing is 
being used by engineers to manufacture intricate cooling 
channels, lattice structures and integrated components 
that help reduce part count and increase performance. 
Accelerating the development cycle of new propulsion 
technologies is rapidly prototyping and iterating designs.[14]

Adaptive Structures

Research into such integration of smart materials and 
adaptive structures into propulsion systems is exciting. 
Variable geometry nozzles as well as active flow control 
devices have been studied for the use of shape memory 
alloys and piezoelectric materials. It was shown that 
these materials can respond to external stimuli such that 
their properties can be continuously modified, including 
real time adjustments of engine geometry and flow 
characteristics. The adaptability will allow optimizing 
the engine performance over entire range of operating 
conditions.[15]

Electric and Hybrid Power Plant Systems

With a growing pressure on the aerospace industry to be 
more environmentally friendly, more attention has been 
placed on the matter of electric and hybrid propulsion 
systems. While hurdles remain, such as energy storage, 
these technologies are well placed to make an impact in 
the aviation industry’s future.

Propulsion for All Electric Aircraft

Short haul flights and urban air mobility applications are 
driving development of all electric propulsion systems 

for aircraft. High power electric motors and advanced 
battery technologies are what power these systems. 
Electric propulsion systems are sensitive to fluid 
mechanics, particularly motor cooling and propeller 
or fan aerodynamics. Electric propulsion component 
integration with aircraft structures is optimized to 
maximize aircraft efficiency and range by engineers.

Hybrid Electric Propulsion Concepts

Hybrid-electric propulsion systems use the advantages 
gained from electric motors and combustion engines. 
Different types of these systems may well be in the 
form of parallel hybrids, series hybrids or turboelectric 
configurations. Hybrid system fluid mechanics challenges 
entail the management of multiple heat rejectors from 
hybridized power sources as well as the optimization of 
the electric and combustion power sources interaction. 
Efficient hybrid propulsion architectures that are 
optimized around performance, efficiency, and emissions 
are being designed using advanced CFD simulations.

Hydrogen Fuel Cell Propulsion

However, hydrogen fuel cells are becoming a promising 
technology for zero emission aircraft propulsion. 
Hydrogen to oxygen gas air to electricity, (Water vapor 
only by product) These systems combined. In addition 
to providing thermal management, the integration of 
fuel cells into aircraft propulsion systems introduces 
unique fluid mechanics challenges such as the storage 
and distribution of hydrogen as well as air management 
for the fuel cell stack. New approaches to surmount 
these hurdles, so that fuel cell propulsion may become 
a commercial aviation option, are being explored by the 
researchers (Figure 2).

Hypersonic Propulsion Technologies

Advanced propulsion technologies capable of operating 
in extreme conditions are being developed in service 
of the pursuit of hypersonic flight, i.e., flight at speeds 
greater than Mach 5. Typical fluid dynamics phenomena 
at high Mach numbers need to be dealt with by these 
systems.

Scramjet Engine Development

The focus of hypersonic propulsion research has been 
supersonic combustion ram jet (scramjet) engines. The 
engines are designed to operate at supersonic airflow 
and burn fuel, in order to be most efficient at speeds 
over Mach 5. Scramjet engines have complicated fluid 
mechanics owing to shock wave interactions, supersonic 
mixing, and high speed combustion. By combining 
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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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advanced diagnostic measurements and high fidelity 
simulations, researchers are unraveling and optimizing 
these processes.

Combined Cycle Propulsion Systems.

The combined cycle propulsion systems are developed 
such that they can balance the propulsion across a large 
operational speed range from take off to hypersonic 
cruise. The average of these systems combine one 
or several engine types such as turbojet, ramjet, or 
scramjet in one package. The fluid dynamics at each 
stage of combined cycle engine operations have to be 
taken care of by the design. As the vehicle accelerates 
through various speed regime, engineers must optimize 
the transition between different propulsion modes and 
manage complex internal flows.

Accelerated by magnetohydrodynamic

Magnetohydrodynamic (MHD) acceleration is an emerging 
hypersonic propulsion concept based on the use of 
electromagnetic fields for accelerating ionized gases. 
Because traditional combustion based engines become 
less effective at extremely high speeds, this technology 
has the potential to deliver thrust. MHD propulsion 
describes the interaction of electrically conducting 
fluids with magnetic fields. In order to efficiently ionize 
the incoming airflow and generate the strong magnetic 
fields necessary for good acceleration, researchers are 
looking into ways to do so.[14-20]

Advanced Operational Flow Control Tech-
niques

Aerospace propulsion has embraced flow control 
technologies whose real time control of engine 
performance and efficiency is becoming increasingly 
important. Techniques described in this thesis seek to 
harness these fluid flows to perform some desired job, 
such as reducing drag, promoting mixing, or alleviating 
instability.

Active Flow Control in Propulsion Systems

Active flow control implies application of actuators to 
energize the flow field to modify its behaviour. This can 
take the form for instance of synthetic jets in propulsion 
systems or plasma actuators or pulsed blowing devices. 
The use of active flow control is being investigated 
by engineers looking to improve the performance of 
engine components, such as compressors and turbines. 
Strategically controlling the flow may allow extension of 
the operating range of these components and increase 
engine overall efficiency.[21-24]

Passive Flow Control Strategies

With the demand for control of flows without the 
need for additional energy input, passive flow control 
techniques utilize carefully designed geometries that 
influence the behavior of the fluid without having to add 
further energy. Vortex generators, riblets and contoured 
surfaces are examples. Passive flow control can enhance 

Fig. 2. Hydrogen Fuel Cell Propulsion
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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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mixing in combustors, reduce losses in turbomachinery, 
and enhance performance of exhaust nozzles, in 
propulsion systems. Thanks to advanced manufacturing 
techniques, complex surface features are now being 
produced that can induce fairly precise flow control  
effects.

Table 2: Recent Trends in Fluid Mechanics for  
Aerospace Propulsion Systems

Trend Impact

Additive 
Manufacturing

Additive manufacturing allows for the 
design and production of complex, light-
weight parts for propulsion systems, im-
proving overall performance and reduc-
ing material waste.

Hybrid 
Propulsion

Hybrid propulsion systems combine tradi-
tional jet engines with alternative power 
sources, enhancing fuel efficiency and 
reducing emissions in modern aerospace 
designs.

Supersonic 
Travel

Supersonic travel development requires 
advances in fluid mechanics to minimize 
drag and ensure efficient propulsion at 
speeds exceeding the sound barrier.

Sustainable 
Fuels

Sustainable fuels in aerospace propulsion 
reduce the environmental impact of air 
travel, and fluid mechanics research is 
key in optimizing combustion processes 
with these fuels.

Noise Reduction

Noise reduction in aerospace systems is 
crucial for reducing environmental and 
operational impacts, with fluid mechan-
ics playing a role in designing quieter pro-
pulsion mechanisms.

Energy Efficiency

Energy efficiency in propulsion systems 
is increasingly important, with fluid dy-
namics studies focusing on optimizing 
fuel consumption and improving overall 
engine performance in diverse flight con-
ditions.

Adaptive Flow Control Systems

Adaptive flow control systems use sensors, actuators 
and control algorithms to sequentially change flow 
characteristics according to current operating 
condition. These systems can be used to optimize engine 
performance over an extensive flight regime. Smart flow 
control systems are being developed by researchers 
that can detect and mitigate flow instabilities; adjust 
combustion parameters under real time conditions; 
and adjust to changing environmental conditions. 
There is a huge body of research regarding the 
integration of machine learning algorithms into these  
systems.[25-28]

Acoustic management and noise reduction

With the continuing increase in the volume of air traffic, 
research into the reduction of the noise impact of 
aerospace propulsion systems is a vitally important area. 
Engine noise is being mitigated innovatively keeping the 
performance and the efficiency.

Advanced Acoustic Liners

Reducing engine noise from the fan and exhaust sections 
is a key technology requiring acoustic liners. Liners 
have been traditionally made with honeycomb based 
structures that absorb energy, but the manufacturing of 
these is now being challenged with newer designs that 
can lower noise levels even further. Adaptive liners which 
can tune their acoustic properties to resonate at certain 
frequencies, and metamaterial-based liners that can act 
broadband noise reduction, are also being explored by 
researchers. The studies of these advanced liner concepts 
involve fluid mechanics of complex interactions between 
sound waves and engineered structures [29]-[36].

Jet Noise Reduction Techniques

Although jet noise, in general, is a large contributor of 
overall aircraft noise, jet noise during takeoff continues 
to be a significant contributor to overall aircraft noise. 
Different methods of reducing jet noise have been 
investigated without the loss of thrust. Low order 
jet noise has been reduced by serrated edge Chevron 
nozzles, which promote mixing between a high speed 
exhaust and surrounding air. Second, this thesis explores 
more advanced concepts, including fluid injection and 
plasma actuators, to further suppress jet noise.

Active Noise Control Systems

Active noise control systems use sound waves to subtract 
unwanted noise by interference. These systems have 
been traditionally used to reduce the cabin noise but are 
beginning to be thought of for applications in propulsion 
systems. Fluid mechanics considerations that pertain to 
active noise control in engines are extreme challenges, 
as precise acoustic wave control is desirable at high 
speed and high temperature. Robust actuators and 
control algorithms are being developed for operation in 
these extreme conditions.

Conclusion

Even today, fluid mechanics remains an important part 
of the field of aerospace propulsion technology. Ideas 
such as fundamental principles that govern engine 
operation, cutting edge flow control techniques and 
noise reduction strategies, all rest on the footing of fluid 
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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:

KEYWORDS: 
 comparator,  
gain,  
offset voltage,  
cadence, 
spectre.

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

DOI:
https://doi.org/10.31838/jvcs/06.01. 03 
 
 
 
 
 
 
 
 

 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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mechanics, which underpins every aspect of propulsion 
system design and optimization. What the future may 
hold is more advanced computational methods, new 
materials and new propulsion concepts integrated into 
what we do in aerospace travel. Hypersonic technologies 
and electric and hybrid propulsion systems are poised 
to revolutionise short haul aviation. Fields such as 
active flow control, adaptive systems, and acoustic 
management all feature dynamic research, which is 
ongoing. With each breakthrough gained by engineers in 
advancing the frontiers of what is possible in aerospace 
propulsion, fluid mechanics will stay on the cutting edge 
and will continue to spur innovation, delivering new 
capability in aviation and space exploration. Owing to 
these breakthroughs in fluid mechanics, the aerospace 
industrial is ready to face the challenges of the twenty 
first century by creating more powerful, efficient and 
environmental friendly propulsion systems than ever 
before. Continuing the search for the frontiers of flight, 
fluid dynamics will be our guide to new ways of aerospace 
technology.
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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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