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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
The advent of composite materials has brought a new generation in aerospace 
engineering, conferring in it unmatched strength, weight reduction and performance. In 
the face of efforts to improve aviation’s efficiency while increasing capability, composites 
play an increasingly important role in the design and construction of aircraft. In this 
comprehensive exploration of composite structures, the design principles, analysis 
techniques, and key applications that are transforming flight are covered. Composite 
materials have found a powerful position in the area of structural engineering as a result 
of the aerospace sector’s relentless quest for innovation. Combined in the form of these 
engineered materials, these disparate components harness the synergistic properties 
that form a paradigm shift in how we design and fabricate airframes, propulsion 
systems and space craft. I find it quite interesting the journey from traditional metallic 
structures to becoming advanced composites describes a fascinating scientific progress 
and engineering ingenuity. In this in depth analysis, each will unravel the conceptuals 
underpinning composite design and manufacturing, and find out about new ways this is 
being brought to reality, and how these fabrics are responding across various aerospace 
industry applications. Commercial airliners to next generation spacecraft, composites 
are rewriting the rulebook in the world of flight.
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Composite Materials in Aerospace

A composite material is a harmonious joining of 
dissimilar components that together impart unique 
properties which produce a superior whole. We define 
these materials as strong, stiff fibers embedded in a 
lighter, more flexible matrix in the context of aerospace 
engineering. This combination enables a material that 
outperforms traditional metallic alternatives in terms of 
its strength to weight ratios.[1-4]

The most prevalent composites in aerospace applications 
include:

• Carbon Fiber Reinforced Polymers (CFRP): 
Famous for their great strength and stiffness along 
with low weight

• Glass Fiber Reinforced Polymers (GFRP): Electrical 
insulation and radio frequency transparency

• Aramid Fiber Composites: Supercast provides… 
prized for their superior impact resistance and 
fatigue properties.
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• Hybrid Composites: Optimization of certain 
performance characteristics using multiple fiber 
types combined in one fiber.

The fiber and matrix material systems provide the 
interface for load transfer coupling between the fibers 
and maximize load transfer between the fibers, as well as 
serve to protect the fibers from adverse environmental 
factors. With good adhesion and heat and chemical 
resistance, epoxy resins lead the aerospace market. 
Engineers working on the design of aerospace structures 
must understand the intricate interplay between fibers 
and matrix. Final performance of the material depends 
upon orientation of fibers, their volume fraction within 
the composite, and specific properties of the chosen 
matrix. In addition, composites are anisotropic, that is, 
the properties of a composite material vary based on the 
direction of the applied force, making a design challenge 
but also an opportunity. The characteristic also enables 
engineers to customize the behavior of the material to 
meet specific load requirements, trading strength for 
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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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stiffness where it is not critical and minimizing weight 
where it is.[5-8]

It is evident that aerospace composites are not 
conjectures for the innovation of metallic materials but 
a distinct engineering materials class that necessitates 
new design, analysis and manufacturing thinking.

Composite Aerospace Structures:  
Design Principles
The design of composite material requires a paradigm 
shift from conventional metallic structure approaches. 
Given the anisotropic behaviour of composites, a holistic 
design philosophy based on consideration of both  
(l) material selection and (2) fibre orientation and  
(3) manufacturing processes, from the outset, is required 
due to the unique properties of composites.

Key principles guiding composite structure design 
include:

1. Integrated Design Approach: Contrary to 
metallic structures, where material properties 
are relatively fixed, material and structure 
of the composites structure can be optimized 
simultaneously. The need for this integration 
calls for close collaboration between 
materials scientists, structural engineers and 
manufacturing specialists.

2. Load Path Optimization: In any fiber reinforced 
composite structure, the primary load paths must 
be considered by designers and the orientations 
of fibers in the structure must be aligned for 
efficient load carrying. Consequently, the designs 
tend to be more organic, or biomimetic, and 
they may seem unconventional in comparison to 
traditional metallic structures.

3. Laminate Stacking Sequence: The mechanical 
properties of the laminate are significantly 
affected by the arrangement of individual plies 
within the laminate. The optimal stacking 
sequence is a question designers must balance 
between factors including strength, stiffness, 
and thermal expansion characteristics.

4. Damage Tolerance and Fail-Safe Design: 
It is required to design such structures as 
composite structures to maintain integrity even 
if it is damaged. It includes implementation of 
redundancy, damage arresting features, and 
proper resulting failure modes from progressive 
to catastrophic failure.

5. Environmental Considerations: The performance 
of composites can be influenced by factors 
such as temperature, humidity and ultraviolet 
radiation. The environmental influences in 
these two scenarios must be accounted for over 
the entire aircraft’s operational envelope by 
designers.

6. Manufacturing Constraints: The chosen 
design must be manufacturable at low cost 
while maintaining repeatability. In addition 
to having manufacturing engineers, often the 
collaboration is quite close in order to produce 
complex geometries reliably.

7. Repairability and Maintainability: Composites 
have excellent fatigue resistance, but are subject 
to periodic inspection and occasional repair. 
They should allow easy access for maintenance 
and features of repair that are simple.

These principles may be implemented only via 
sophisticated design tools and methodologies.  

Fig. 1: Key principles guiding composite structure design
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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 
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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In predicting the behavior of composite structures under 
various loading conditions Finite Element Analysis (FEA) 
is a key factor. Optimization algorithms in their various 
advanced forms are used to navigate vast design spaces 
to find the most efficient designs. However, in composite 
structures, the concept of ‘design for manufacturing’ 
has greater significance. Automated fiber placement 
and resin transfer molding techniques have permitted a 
reconfiguration of inexpensive manufacturing possibilities 
in terms of geometric complexity and production 
efficiency. If designers are to take full advantage of this, 
they must know these processes intimately. With the 
aerospace industry constantly striving to increase the 
performance and efficiency of a design, the fundamental 
role of composite design principles becomes even more 
pivotal. Future generations of aircraft and spacecraft will 
without doubt demand ever more complex exploitation 
of these principles to enable unprecedented levels of 
performance and reliability.[9-12]

Composite Structures: Advanced Analysis 
Techniques

Due to the complex nature of composite materials, 
analysis techniques are needed to accurately predict 
their behaviour under many loading conditions. The focus 
does not merely on traditional stress analysis but adds 
unique composite characteristics, such as anisotropy, 
layered construction, and failure modes specific to 
fiber reinforced materials. Composite manufacturing 
for aerospace is being reshaped by the trend towards 
automation and digitalization. Virtual optimization 
prior to physical production happens on digital twins of 
manufacturing processes. Nowadays, machine learning 
algorithms are applied in the process control, and 
introduce adaptive manufacturing that can compensate 
for material variance and environmental fluctuations.

The aerospace industry is constantly striving for lighter, 
stronger more efficient structures using composites, and 
manufacturing processes for composites will continue 
to evolve. With new advances in nanocomposites, 
multifunctional materials and sustainable manufacturing 
practices, aerospace composite production is poised to 
continue evolving dramatically in the coming years.

Applications of composites in modern aircraft.

Because of their capability to revolutionize aircraft 
design, composite materials have allowed designers 
unprecedented performance, fuel efficiency, and 
structural optimization. Composites have gone from 
commercial airliners to military fighters since the 1980s, 
reshaping the core of modern aviation.

Key applications of composites in contemporary 
aircraft include:

1. Airframe Structures: Primary airframe compo-
nents (fuselage sections, wings, empennage) 
are extensively utilized in composite materials. 
As an example, the Boeing 787 Dreamliner has 
a composite fuselage, which saves about 20 per 
cent of the weight of an old aluminium design. 
Not only does higher pressurization of the cabin 
on take off increase passenger comfort, but it 
also improves fuel efficiency.

2. Wing Structures: Compared to individual 
components, composite wings provide substantial 
advantages regarding aerodynamic efficiency 
and weight reduction. Integrated stiffeners and 
optimized ply orientations in advanced forms are 
employed to maximize structural efficiency. The 
A350 XWB’s excellent fuel economy is passed 
down thanks to the use of carbon fiber reinforced 
plastic (CFRP) in its wings.

3. Control Surfaces: A trend also is developing in 
which more and more ailerons, rudders, and 
elevators and flaps are made from composite 
materials. The high stiffness to weight ratio 
of composites lends themselves well to the 
high stiffness, low mass benefit of control and 
reduced actuator loads.

4. Engine Components: Fan blades and nacelle 
structures are among the most important roles 
composites play in modern aircraft engines. 
Bungee springs can be incorporated into these 
flaps so that they increase airplane lift when 
airspeed increases, which helps prevent “stalled 
flight,” while carbon fiber composites are used 
in the blades of the fans to allow for larger 
diameter fans and make the fans less heavy 
compared to motors of similar performance.

5. Interior Components: Composites are used 
throughout aircraft interiors from the floor panels 
to the overhead bins. These materials are very 
good with respect to fire resistance, durability, 
and the ability to fashion compound shapes that 
work well with optimum space utilization.

6. Radomes and Antenna Fairings: Some composite 
materials are electromagnetically transparent, 
which makes them perfect in radome or antenna 
enclosure applications. They protect sensitive 
electronic equipment while greatly reducing 
signal attenuation.

7. Landing Gear Doors and Fairings: Landing gear 
doors and aerodynamic fairings use composite 
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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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materials to an increasing extent. These 
components are well suited for these cyclically 
loaded components because of their high strength 
to weight ratio and good fatigue resistance.

8. Helicopter Rotor Blades: The composite 
materials have revolutionized helicopter rotor 
blade design, offering better performance, less 
vibration and, more importantly, better damage 
tolerance relative to metallic alternatives.

9. Unmanned Aerial Vehicles (UAVs): Composites 
are light weight and thus are particularly 
attractive for use in UAV due to the importance 
of maximizing payload capacity and endurance.

10. Space Launch Vehicles: Modern space launch 
vehicles, using composite materials extensively, 
employ composite materials in payload fairings, 
interstages, and propellant tanks. What allows 
them to be so high specific strength is that it 
saves weight, and that means its translated 
directly to payload capacity.

Significant advances in aircraft performance have been 
driven by the integration of composites into these diverse 
applications. Commonly, weight reductions of 20–30% with 
respect to equivalent metallic structures are attained, either 
improving fuel efficiency, extending range, or increasing 
payload capacity. Additionally, composites can be used to 
produce more aerodynamically efficient designs. Without 
requiring rivets or fasteners, the ability to produce smooth, 
complex contours greatly decreases drag and improves 
overall aerodynamic performance. The most obvious 
example of that is in the case of modern commercial airliners 
in which use of composite wings and fuselages has enabled 
substantial reductions in fuel consumption. Composites also 
provide durability and corrosion resistance over time that 
translates into maintenance and operational costs. Due 
to a combination of reduced maintenance requirements 
and an extended service life, composite structures have 
a lower overall lifecycle cost compared to their metallic 
counterparts; however, their initial manufacturing costs are 
generally higher.[13-16]

Table 1: Properties of Carbon Nanotube Fiber  
Reinforced Composites

Property Effect

Mechanical 
Strength

Mechanical strength is significantly en-
hanced by carbon nanotubes, making com-
posites more resilient and capable of with-
standing higher stresses, ideal for aerospace 
applications.

Thermal Con-
ductivity

Thermal conductivity is improved by carbon 
nanotubes, allowing for better heat dissipa-
tion and reducing the risk of overheating in 
aerospace components.

Property Effect

Electrical 
Conductivity

Electrical conductivity increases with the 
addition of carbon nanotubes, making these 
composites suitable for applications that re-
quire controlled electrical properties.

Lightweight 
Design

The lightweight design of carbon nano-
tube-reinforced composites contributes to 
the overall reduction of aircraft weight, en-
hancing fuel efficiency and performance.

Flexibility Flexibility is improved without sacrificing 
strength, allowing for more versatile and 
adaptable aerospace designs that can with-
stand dynamic operational environments.

Durability Durability is enhanced through the use of 
carbon nanotubes, ensuring that composites 
are long-lasting and able to withstand harsh 
conditions in aerospace applications.

Composite technologies will continue to advance 
and we would expect that these materials would also 
become even more integrated into aircraft structures. 
Multifunctional composites incorporating sensing or 
energy harvesting capabilities, which are expected to be 
emerging trends, will continue to revolutionize aircraft 
design and performance. The transformational impact of 
these materials on the aerospace industry is evidenced 
by the complementary ongoing evolution of composite 
applications in aviation. With composites becoming more 
and more used by engineers in pushing what is possible, 
we should see more and more innovative and efficient 
aircraft designs in the upcoming years.[17-19]

Challenges and Future Directions in Aerospace 
Composites
Composite materials have certainly changed the face 
of aerospace but their transition will not be without 
challenges. With so much to gain, as the field continues 
to grow, engineers and researchers are constantly finding 
ways to overcome existing shortcomings, and to push 
the boundaries of composite technology as a whole.  
Developing more cost effective production method is 
ongoing, as is streamlining the supply chain. Repair and 
Maintenance: Repairing composite structure is more 
complex and requires more time compared to traditional 
metallic components. There has been an active area of 
research towards developing efficient and reliable repair 
techniques for composite structures.

Certification and Qualification: Composites’ anisotropy 
and their sensitivity to manufacturing variables make 
certification processes difficult. To continue its integration 
into critical aerospace applications, composite structures 
must be qualified and standardized through standardized 
testing and qualification procedures. 
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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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Joining and Assembly: Unique challenges are associated 
with joining composite components to each other or 
to metallic structures. Bonding and fastening join 
techniques have the potential to significantly affect 
overall structural performance, however, it is important 
to determine optimal join techniques by improving 
the efficiency and reliability of joining techniques. 
Environmental Impact: However, their weight savings 
(and thus reduced fuel consumption) come at the 
expense of end-of-life disposal concerns for composites. 
One area of ongoing research which relates to this 
hydration related mechanism, is the development of 
effective recycling methods for composite materials 
(Figure 2).

The trend towards automation and digitalization is 
reshaping composite manufacturing for aerospace. 
Digital twins of manufacturing processes allow for virtual 
optimization before physical production begins. Machine 
learning algorithms are being applied to process control, 
enabling adaptive manufacturing that can compensate 
for material variability and environmental fluctuations. 
As the aerospace industry continues to push for lighter, 
stronger, and more efficient structures, manufacturing 
processes for composites will undoubtedly continue to 
evolve. Innovations in areas such as nanocomposites, 
multifunctional materials, and sustainable manufacturing 

practices are poised to further transform the landscape 
of aerospace composite production in the coming years.

While impact damage on composites may not present 
itself on the surface in the form of a crack, for example, 
they do still have impact damage. The detection and 
assessment of internal damage is still a major challenge 
and we have developed reliable methods to address 
these issues.

Future directions and emerging trends in aerospace 
composites include. Other functionalities aside from 
structural performance of such composites are under 
investigation for research. Self healing materials, 
contaminants sensing composites with integrated 
structural health monitoring sensors, and adaptive 
materials are among the types. The addition of 
nanomaterials, such as carbon nanotube and graphene, 
into the composite structure can improve mechanical 
properties, electrical properties, thermal management 
(Table 2). 

New possibilities afforded by advanced 3D printing 
technology are enabling us to produce complex composite 
structures with optimized fiber orientation and internal 
geometries. Currently, thermoset composites rule the 
aerospace application regime, whereas thermoplastic 
composites potentially allow recycling, repairability, 

Fig. 2: Challenges and Future Directions in Aerospace Composites
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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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and manufacturability. In addressing the complexities 
resulting from composite design, researchers seek 
to develop unprecedented structural efficiency and 
adaptability with biomimetic approaches, inspired by 
natural structures. By integrating digital twin technology 
with artificial intelligence, such design optimization 
and predictive maintenance strategies for composite 
structures are becoming more sophisticated. Work is 
ongoing to design and develop more environmentally 
friendly composite materials including those made from 
renewable resources and easier to recycle at the end of 
life. With advancements in ceramic matrix composites and 
other high temperature materials, the use of composites 
in extreme environments is now being expanded to 
hypersonic vehicle applications. Hybrid structures in 
which the strengths of metallic and composite materials 
are combined in the appropriate mixtures have potential 
for enhanced performance and cost competitiveness in 
certain applications. Integrated sensing technologies offer 
promise for real time monitoring of composite structures 
for predictive maintenance and for safety .[20-24]

While these challenges are addressed and new 
technologies are enabled, the role of composites 
in aerospace use will continue to grow even more. 
Composite materials and manufacturing processes 
will continue to be advancing to increase light 
weight, strength and efficiency. Although incremental 
improvements to existing technologies will continue 
to play a role in the future of aerospace composites, 
paradigm-shifting approaches taking concepts to a 
whole new level or imagining aircraft and spacecraft 
with a radically different basis are where the future will 
reside. Looking towards the horizion, composites will 
be a driving force behind the development of the next 
generation of aerospace vehicles with unprecedented 
levels of performance, efficiency and sustainability. 
But composites’ journey in aerospace is not over yet.  

And we’ve already discussed that, cost reduction, repair 
and maintenance, and environmental sustainability 
remain challenges. However, these challenges offer 
future research and innovation opportunities spanning 
the horizon to new frontiers of material science and 
engineering. From the future aerospace composites look 
potentially unbounded.[25-33]

By combining multiscale design strategies, emerging 
technologies such as multifunctional composites, 
nanoengineered materials, and advanced manufacturing 
processes, performance and functionality will be 
unlocked to unprecedented levels. Fresh advances 
include digital technology (AI driven design, and in situ 
health monitoring) to integrate with composite structures 
to further enhance the capabilities and reliability. 
Now at the leading edge of a new age in aerospace 
technology, with electric aircraft, hypersonic travel and 
interplanetary exploration in our sights, composites will 
undoubtedly be key to driving that new age. Completely 
outpacing their utility and performance, these materials 
will remain at the forefront of innovation, taking us 
from the dreams of the aerospace engineers and past 
all boundaries. The story of composites in the aerospace 
world is one of evolution, of continual striving for 
excellence. It’s a story of engineers and of a human 
sense of adventure that joined cutting-edge science, 
technology, and practical engineering. We’re looking to 
the skies and beyond and composite materials are going 
to continue to be an invaluable asset in our pursuit to 
soar to new depths in aerospace technology.

Conclusion

One of the most important technological advances 
in the history of Aviation and Exploration Space is the 
integration of composite materials into aerospace 
applications. Composites have revolutionized aerospace 

Table 2: Advanced Techniques for Incorporating Carbon Nanotubes in Composites

TechniqueC Usage

Solution Processing Solution processing involves dissolving carbon nanotubes in a solvent and dispersing them into the polymer 
matrix, allowing for uniform dispersion of nanotubes.

Melt Compounding Melt compounding incorporates carbon nanotubes into the polymer matrix by melting the polymer and 
blending it with nanotubes, ensuring good interfacial bonding.

Electrospinning Electrospinning creates nanofiber mats that incorporate carbon nanotubes into polymer fibers, which can 
then be used as reinforcement in composite materials.

In-Situ Polymeriza-
tion

In-situ polymerization involves the polymerization of a monomer in the presence of carbon nanotubes, 
allowing for a strong bond between the nanotubes and the matrix.

Layer-by-Layer As-
sembly

Layer-by-layer assembly involves depositing alternating layers of carbon nanotubes and polymers to create 
thin, strong composite films for aerospace use.

Chemical Vapor 
Deposition

Chemical vapor deposition (CVD) allows for the controlled growth of carbon nanotubes directly onto a 
substrate, forming highly aligned nanotube structures for enhanced composite properties.
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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. 
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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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engineering and fundamentally changed the landscape of 
this field from day one, proposing designs that are at the 
limit of performance, efficiency, and sustainability from 
day one, be it commercial airliners or next generation 
spacecraft. Along the path of this exploration, we 
had a look inside the composite materials across their 
different properties, their design principles, and the 
methods used to manufacture these materials. These 
advanced materials are now reshaping everything 
from primary structures to engine components and 
interior fittings, we’ve seen how. Composites, and their 
benefits in aerospace, have no argument. The results in 
weight reductions, improved fuel efficiency, enhanced 
durability. The industry has been revolutionized by the 
ability to create optimized, aerodynamic structures. The 
transforming power of composite technology is seen in 
aircraft like the Boeing 787 Dreamliner and Airbus A350 
XWB, defining demonstrated performance and passenger 
comfort not previously possible.
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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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