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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
We are in a precarious moment, at a turning point, for the construction industry: 
unprecedented challenges in sustainability and resilience. In fact, as global urbanization 
rapidly proceeds and climate change increases, creating innovative building materials 
and technologies has never been more important. A fast emerging category of smart 
construction materials stands as the keystone for sustainable and resilient infrastructure, 
delivering the solutions needed to mitigate environmental impact while enhancing the 
resilience and performance of built environments. In this article, cutting edge smart 
construction materials are explored as these cutting edge advancements are changing 
how the world views sustainable and resilient infrastructure. We’ll look at technologies 
ranging from self healing concrete to energy harvesting surfaces that are helping 
push the industry in a more sustainable direction. During this traverse through this 
exploration, it emerges that smart construction materials are not a passing fancy, but 
a fundamental progress of how we build out the world. They are the convergence of 
material science, environmental stewardship and technological innovation, and which 
will change what it means to build our cities and structures. Together, we dive into how 
these revolutionary materials can transform the built environment into a future that is 
shaped by 21st century challenges and sustainability.
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Evolution of Construction Materials

To survive, the construction materials went through 
a journey from ancient times to the present day, 
administrating human inventiveness and adaptability. 
Constant search for stronger, more durable and 
increasingly versatile building materials caused the 
evolution.[1-3]

From Stone to Steel: A Historical Perspective

Right from the beginnings of civilisation, natural 
building material like stone, wood and clay have been 
the staple of construction. They were chosen because 
these materials were abundant and also easy to use. 
With societies advancing that in turn led to their 
building techniques and material choices progressing. 
The achievement of truly unequaled architectural feats 
changed dramatically with the discovery of concrete by 
the Romans, a material that designed revolutionized 
construction.
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Another major shift was the Industrial Revolution when 
steel became the main construction material. Quickly 
steel’s strength to weight ratio and versatility became 
the stuff skyscrapers and bridges are made out of and 
frame the skylines of modern cities.

Composite Materials: The Rise

Composite materials resulting from two or more of the 
same or different material reacted to form a material, 
exhibiting superior properties, emerged during the 20th 
century. For example, fiber reinforced polymers, which 
had strong characteristics comparable to steel, weighed 
a fraction of what steel did. Engineered materials that 
resulted in these composites ended up in everything 
from aircraft to building facades, proving the promise of 
engineered materials.

The Digital Age and Smart Materials

At the same time we were entering the digital age, the 
‘smart’ materials became a concept. Such materials 
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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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can react to environmental stimulus by changing their 
properties or behavior in response. This category 
includes shape memory alloys that return to a fixed 
shape if heated. The possibility to embed sensors and 
actuators into building materials gives rise to responsive 
and adaptive structures.

Sustainability Becomes a Priority of His

As we move through recent decades, the focus centres 
around the sustainability in construction materials. 
The rush toward this shift is being fueled by growing 
environmental awareness and the necessity to lower 
the carbon footprint of the built environment. Now 
it is up to researchers and manufacturers to develop 
materials that are not just good at what they do, but 
have a negligible environmental footprint along the 
length of their lifecycle. Both our changing needs and 
technological and environmental awareness has led 
to the evolution of construction materials. The trend 
is obviously moving towards smart, sustainable, and 
resilient materials, as we look toward the future. This 
evolution puts us in position to harness the revolution 
around innovative materials and technologies which are 
driving the development of the sustainable and resilient 
infrastructure of the future.[4-9]

Defining Smart Construction Materials

More generally, smart construction materials are an 
entirely new paradigm for building component thought 
and usage. Beyond the conventional properties of 
strength and durability, these advanced materials offer 
a new breed of performance, from features that enable 
them to work with, respond to and heal the environment.

Various characteristics of the Smart Materials

When we describe smart construction materials, we are 
referring to materials that sense or respond to external 
stimuli. This responsiveness can manifest in various 
ways:

• Adaptability: The ability to change properties 
(shape, colour, conductivity) in response to 
environmental factors, as in temperature, light 
or pressure.

• Self-healing: Ability to remotely repair minor 
damage without human intervention, native to 
embedded microdialysis or bacteria.

• Energy efficiency: Materials to regulate 
temperature or lighting conditions in buildings 
and therefore reduce energy consumption.

• Sensing capabilities: Sensors to be integrated 
that can monitor for structural health, 
environmental conditions or occupancy levels.

• Sustainability: Designed for easy recycling (or 
incorporating recycled or low impact materials) 
upon completion of their lifecycle.

1.1 Smart Construction Materials Types
The field of smart construction materials is quite diverse 
and extremely dynamic. Some prominent categories 
include:

• Photochromic materials: They change colour 
based on the intensity of the light, possibly 
removing the need for artificial lighting or 
cooling.

• Thermochromic materials: These can change 
colour in response to temperature fluctuations, 
to provide visual indicator of thermal conditions.

• Piezoelectric materials: These could harvest 
mechanical stress energy, and could even 
generate electricity from footsteps and 
vibrations and so on.

• Self-cleaning surfaces: Materials that repel 
water and dirt for decreasing the maintenance 
needs.

• Phase-change materials: Building temperatures 
are kept under control by these, which absorb or 
release heat as they go from solid to liquid.

The Role of Nanotechnology

The development of smart construction materials is 
guided by nanotechnology. Scientists can use materials 
manipulation to make materials better existing properties 
or developing entirely new ones. The applications are 
also interesting, for example, nanoparticles can be mixed 
with concrete to improve its strength and durability, or 
glass to enhance self cleaning properties.

Digital technologies integration

It is when smart construction materials are combined 
with digital technologies that their true potential is 
realized. These materials can be connected to broader 
building management systems through the Internet 
of Things (IoT), enabling real time monitoring and 
responsive control of these materials. The result is smart 
buildings that are optimized for a given day based on 
occupancy, weather conditions and energy demand.

Challenges in Adoption

While the potential of smart construction materials 
is immense, their widespread adoption faces several 
challenges:
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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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• Cost: In general, however, many smart materials 
are still more expensive than their traditional 
counterparts.

• Durability: Some smart materials are still 
undergoing study in real world conditions to 
determine their long term performance.

• Complexity: Specialized skills and knowledge 
may be required for the integration of smart 
materials.

• Regulatory hurdles: These new materials may 
require update of building codes and standards.

Using current manufacturing techniques and as research 
continues to develop, many of these challenges are 
being solved. The definition of smart construction 
materials is necessarily evolving, and with it, future 
built environments will be more responsive, efficient, 
and sustainable than ever.

Sustainable Materials for GREEN building

The green cutting is such a recent development that 
the construction industry takes the leap into adopting 
and introducing new green building materials. These 
materials were designed with the intent of minimizing 
environmental impact throughout the materials lifecycle 
from production to disposal and maintain or improve 
upon performance standards (Figure 1).

Even though it’s concrete, the most widely used material 
on the planet, it has a huge carbon footprint. Innovative 
alternatives are emerging to address this issue:

1. Geopolymer Concrete: Thanks to its origins as 
industrial waste products — such as fly ash — this 
alternative can cut carbon emissions by up to 
90% compared to traditional Portland cement.

2. Carbon-Negative Concrete: One side, developing 
what is known as concrete that actually absorbs 
CO2 when made; that is, making a carbon source 
into a carbon sink.

3. Hempcrete: Hempcrete is a carbon negative, 
lightweight naturally insulating biocomposite 
made from hemp hurds and lime.

4. Recycled Aggregate Concrete: Recycled 
materials such as crushed concrete or glass 
reduce the need for raw materials.

Sustainable Wood Products

Wood, a renewable resource, is experiencing a 
renaissance in sustainable construction:

• Cross-Laminated Timber (CLT): Taller wooden 
buildings are possible because this engineered 
wood product is just as strong as concrete and 
steel.

• Bamboo: Bamboo is growing fast and strong and 
is being used in innovative ways as structural 
elements, as flooring.

• Reclaimed Wood: Using old buildings for wood 
means that waste is being reduced and that 
forests are being preserved.

Bio-Based Materials

Nature-inspired materials are gaining traction for their 
low environmental impact:

• Mycelium Insulation: The excellent insulation 
properties and complete biodegradability of the 
materials based in fungi make them an ideal 
approach.

• Algae-Based Bioplastics: They can be used for 
insulation, or with a tight cell it can be used as 
a building panel.

Fig. 1: Sustainable Materials for GREEN building
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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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• Cork: Cork is highly renewable and has excellent 
insulation properties, which is making it appear 
in new applications to construction.

Upcycled and Recycled Materials

Turning waste into valuable building materials is a key 
strategy for sustainability:

• Plastic Bricks: These bricks are made from 
recycled plastic, durable, and take plastic waste 
out of the loop.

• Glass Aggregate: Recycled glass can be crushed 
and used in place of sand in concrete mixtures.

• Recycled Steel: Recycled steel not only keeps 
energy consumption and mining impacts down 
but also makes planning easier.

Insulation Materials that are Energy Efficient

Improving building insulation is crucial for energy 
efficiency:

• Aerogel: Aerogel based materials are extremely 
light and possess superb thermal performance.

• Phase Change Materials (PCMs): The materials 
therefore absorb or release heat by changing 
phase, helping to control indoor temperature.

• Vacuum Insulated Panels (VIPs): VIPs offer very 
high R-values, making them perfect for space 
constricted applications (Table 1).

Challenges and Considerations

While these sustainable materials offer significant 
environmental benefits, their adoption faces several 
challenges:

• Cost: In particular, many sustainable materials 
are today too expensive relative to traditional 
ones.

• Performance Verification: Some newer materials 
have limited long term performance data.

• Building Code Compliance: Innovative new 
materials may not be yet accommodated by 
existing codes.

• Supply Chain Issues: Some materials are 
available, but supply can be disordered.

• Industry Inertia: It can slow the adoption of 
construction industry changes.

All this and more means there is a trend in construction 
towards sustainable materials. Meanwhile, as research 
continues and economies of scale grow, these materials are 
becoming some of the more viable options for mainstream 
construction projects. Along with being an environmental 
imperative, adoption of sustainable materials is also a path 
to more resilient and efficient buildings.[10-14]

Concrete Technology Innovations

The most widely used construction material in the 
world, concrete, is experiencing a revolution. New 
concrete technology innovations are promising 
improvements in environmental impact while enhancing 
concrete’s performance and versatility. Not having 
these advancements would ruin our chance to develop 
sustainable and resilient infrastructure.

Self-Healing Concrete

Self healing concrete is one of the most exciting 
development in concrete technology. This new material 
could help extend the life of concrete structures and cut 
maintenance costs by repairing itself once it’s cracked.

• Bacterial Concrete: It consists of bacteria whose 
limestone-producing microbes fill in cracks as 
they develop if they come into contact with 
water.

Table 1: Properties of Smart Construction Materials

Property Functionality

Self-Healing Self-healing materials can repair cracks or damage on their own, extending the lifespan of structures and 
reducing maintenance costs.

Thermal Insulation Thermal insulation properties of smart materials help to maintain optimal temperatures within buildings, 
improving energy conservation and reducing heating/cooling costs.

Energy Efficiency Energy efficiency is enhanced through materials that store or optimize energy usage, contributing to envi-
ronmentally-friendly and cost-effective building practices.

Durability Durability ensures that materials resist environmental wear and tear, maintaining structural integrity and 
reducing the need for replacements.

Lightweight Design Lightweight design reduces the overall load of structures, allowing for innovative designs while minimizing 
resource usage and transportation costs.

Recyclability Recyclability ensures that materials can be reused or repurposed at the end of their lifecycle, contributing 
to sustainability in construction and reducing waste.
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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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• Polymer-based Self-healing: It employs embed-
ded microcapricles, which release healing agents 
when cracks form.

• Shape Memory Materials: Contains materials 
which revert to their original shape when heated 
and are used to close cracks.

Ultra High Performance Concrete (UHPC)

UHPC represents a significant leap in concrete strength 
and durability:

• Compressive Strength: For conventional 
concrete, 20–40 MPa, compared to 150 MPa 
possible.

• Durability: They are very resistant environmental 
degradation and chemical attack.

• Reduced Material Use: This enables thinner 
sections and more light weight structures.

Carbon-Capturing Concrete

Addressing concrete’s carbon footprint, some innovative 
solutions actually capture and store CO2:

• CO2-Cured Concrete: It is what’s known as a 
‘green’ process, using CO2 in the curing process, 
locking it into the concrete structure.

• Carbonation: All of its concrete mixes are active 
in absorbing CO2 from the atmosphere over time.

Photocatalytic Concrete

This type of concrete contains titanium dioxide, which, 
when exposed to sunlight, breaks down air pollutants:

• Air Purification: It can help reduce urban air 
pollution.

• Self-cleaning Properties: It helps making 
surfaces cleaner for a longer time and reduced 
maintenance needs.

Geopolymer Concrete

An alternative to traditional Portland cement-based 
concrete, geopolymer concrete offers environmental 
benefits:

• Reduced Carbon Emissions: They can reduce 
CO2 emissions by up to 90% than traditional 
concrete.

• Utilization of Industrial Waste: Byproducts of 
coal combustion and steel production (fuel fly 
ash or slag), but can be made from any source.

3D-Printed Concrete

Additive manufacturing techniques are being applied to 
concrete, opening up new possibilities in construction:

• Complex Geometries: It provides the means for 
shaping not possible conventional formwork.

• Reduced Waste: Material waste is minimized by 
precise application.

• Faster Construction: Sometimes it can make the 
building process significantly faster.

Future Directions and Challenges.

While these innovations show great promise, several 
challenges remain:

1. Cost: However, many of these advanced 
concretes are now more costly than traditional 
mixes.

2. Scalability: This can be a difficult move from 
laboratory success to large scale production.

3. Industry Adoption: New technologies do not 
easily succeed in the construction industry due 
to conservative practices.

4. Long-term Performance: Some of these 
innovative concretes require more data on their 
long term performance.

•  The invention offered potential solutions for less 
expensive production methods.Closely related to 
(but not directly connected with) single project 
RAs was R1, which was focused on improving the 
sustainability of concrete through alternative 
binders and aggregates.

•  Making the concrete more multifunctional, ie, 
concrete that can store the energy or act as a 
sensor.:

1. Cost: Many of these advanced concretes are 
currently more expensive than traditional mixes.

2. Scalability: Moving from laboratory success to 
large-scale production can be challenging.

3. Industry Adoption: Conservative practices in the 
construction industry can slow the uptake of new 
technologies.

4. Long-term Performance: More data is needed 
on the long-term performance of some of these 
innovative concretes.

Research continues to address these challenges, with a 
focus on:

• Developing more cost-effective production 
methods.

• Improving the sustainability of concrete through 
alternative binders and aggregates.

• Enhancing the multifunctional properties of 
concrete, such as energy storage or sensing 
capabilities.
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This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
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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Concrete innovations also hold the promise to transform 
this ubiquitous, one-point material into a much better, 
more sustainable and more resilient building block 
for modern infrastructure, the future of the concrete 
technology. As these technologies continue to mature, 
they can lead to a large mitigation reduction in the 
environmental impact of construction and increase the 
durability and functionality of our built environment.

Smart Sensors and Monitoring Systems

The integration of smart sensors and monitoring systems 
into construction materials and structures represents 
a major advance in the development of intelligent, 
responsive and resilient infrastructure. These 
technologies capture, process and respond to real time 
data allowing building and infrastructure to be safer, 
more efficient and long lived.

Smart Sensors Types in Construction

Various types of sensors are being incorporated into 
construction materials and structures:

1. Strain Sensors: The potential exists to monitor 
structural deformations and stress levels via the 
network of laser beams.

2. Temperature Sensors: Can track thermal 
variations that could impact material properties.

3. Humidity Sensors: Taking measurements that 
indicate corrosion or mold growth.

4. Accelerometers: Important for seismic 
monitoring: Measure vibrations and movements.

5. Chemical Sensors: Dectect the presence of 
corrosive agents or pollutants.

6. Optical Fiber Sensors: Spend on provide 
distributed sensing along the length of a 
structure.

Embedded Sensing Technologies

Embedding sensors directly into construction materials 
offers several advantages:

• Non-intrusive Monitoring: Structure becomes 
sensor and does not compromise aesthetics or 
function.

• Comprehensive Coverage: It allows monitoring 
the entire structure, instead of only locating the 
points of monitoring.

• Longevity: Embedded sensors are protected 
from outside effects making them potentially 
the life of the structure.[15]

Wireless Sensor Networks
Wireless technology has revolutionized structural health 
monitoring:

• Ease of Installation: Need for wired systems can 
be reduced.

• Flexibility: This makes easy reconfiguration and 
expansion of the monitoring system.

• Remote Monitoring: It allows for data collection 
and analysis OFF SITE.

The Data Analytics and Machine Learning.

The true power of smart sensors lies in the analysis of 
the data they collect:

• Predictive Maintenance: Relatively simply 
algorithms can predict when to do maintenance 
before the signs are obvious.

• Pattern Recognition: Machine learning can also 
sense subtle changes in structural behavior that 
are a warning sign.

• Performance Optimization: Data driven insights 
can create more efficient building operations.

Infrastructure monitoring applications

Smart sensors are being deployed across various types of 
infrastructure:

• Bridges: Continuously for monitor structural 
integrity, traffic loads, and environmental 
impacts.

• Buildings: Energy use, track occupancy and 
structural health.

• Dams: Water pressure and seepage, structural 
movements.

• Tunnels: It could detect deformations, water 
ingress, air quality.

• Roads: Follow traffic patterns, surface and 
subsurface stability.

Implementation of Building Information Modeling (BIM)

Table 2: Applications of Smart Construction  
Materials in Infrastructure

Application Use Case

Building Facades Smart materials in building facades en-
hance energy efficiency, offer self-clean-
ing capabilities, and improve the aesthet-
ic appeal of buildings.

Road Surfaces Smart materials used in road surfaces in-
clude self-healing asphalt and energy-ab-
sorbing materials, which improve durabili-
ty and reduce maintenance requirements.
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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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Application Use Case

Energy-
Generating 
Materials

Energy-generating materials, such as solar 
panel-integrated materials, can generate 
power from the environment, contribut-
ing to sustainable energy solutions in in-
frastructure.

Waterproofing 
Systems

Waterproofing systems benefit from the 
use of smart materials that change prop-
erties in response to moisture, ensuring 
long-term protection against water dam-
age.

Structural 
Reinforcement

Structural reinforcement uses advanced 
composites and smart materials to en-
hance the strength and resilience of 
building structures, ensuring stability and 
safety.

Eco-Friendly 
Construction

Eco-friendly construction materials re-
duce environmental impact, promote 
sustainability, and often use renewable 
resources or recyclable components for 
infrastructure projects.

Sensor data can be integrated with BIM systems:

• Digital Twins: Generating real time digital 
representations of physical structures.

• Lifecycle Management: Support making better 
decisions over the entire structure’s lifecycle.

• Visualization: They provide easy ways to 
understand structural data that are highly 
complex.

Challenges and Considerations

While smart sensing technologies offer numerous 
benefits, several challenges need to be addressed:

• Data Management: Efficiently handling and 
analysing large volumes of data.

• Privacy Concerns: Protecting occupant privacy 
especially in smart buildings.

• Cybersecurity: Making sensor networks less 
vulnerable to possible cyber attacks.

• Power Supply: Creating power sources for long 
latency wireless sensors.

• Durability: Ensuring sensors can survive long 
time in harsh environmental conditions.

Future Trends

The field of smart sensors in construction is rapidly 
evolving:

• Nanosensors: Development of extremely small sen-
sors which are easier to integrated in material.

• Self-powered Sensors: Creating autonomous 
sensing systems using energy harvesting 
techniques.

• AI Integration: Real time data interpretation 
and decision making with more sophisticated AI 
algorithms.

• Multifunctional Sensors: Sensors that can 
monitor the parameters at one go.

The smart sensors and monitoring systems are bringing a 
new paradigm to the way we perceive and are interacting 
in our built environment. These technologies are helping 
make infrastructure management more proactive, 
efficient and sustainable through their real time, 
detailed information of the condition and performance 
of structures. We can expect future advanced and 
integrated sensing solutions to improve the resilience 
and sustainability of our infrastructure.

Energy Efficient Building Envelopes

The walls, roof, windows and doors, collectively called 
the building envelope, are very important in determining 
a structure’s energy efficiency. There are large efforts 
in the innovations of building envelope technologies to 
reduce energy consumption and increase the overall 
sustainability of buildings. Improvements in thermal 
performance of these advancements also mean higher 
indoor comfort and mitigating lower environmental 
impact.

Advanced Insulation Materials

Cutting-edge insulation materials are revolutionizing 
building envelope performance:

• Aerogel Insulation: Aerogel is an ultra light and 
highly effective thermal resistive material.

• Vacuum Insulated Panels (VIPs): Offer 
superior insulation with minimum thickness for 
retrofitting.

• Phase Change Materials (PCMs): Passively 
absorb and release heat to regulate indoor 
temperatures.

• Nanocellulose Foam: An eco friendly, 
biodegradable and great insulator option.

Smart Windows and Glazing

Innovative window technologies are enhancing both 
energy efficiency and occupant comfort:

• Electrochromic Glass: It changes tint to allow for 
reduced solar heat gain in response to electrical 
currents.
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This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
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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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• Thermochromic Windows: Tint automatically 
based on temperature.

• Low-E Coatings: Allow visible light while 
reflecting infrared radiation.

• Gas-filled Double and Triple Glazing: Better 
insulation properties for windows.

Dynamic Façade Systems

Adaptive façades respond to changing environmental 
conditions:

• Kinetic Façades: Adjustable movable elements 
that can adjust shading and ventilation.

• Bioadaptive Façades: Include living organisms 
like algae which will provide shading and energy 
generation.

Fig. 2: Energy Efficient Building Envelopes

Green Roofs and Walls

Integrating vegetation into building envelopes offers 
multiple benefits:

• Thermal Insulation: For winter and summer 
heat gain and heat loss.

• Stormwater Management: Rainwater absorb 
and filter and reduce runoff.

• Air Quality Improvement: Plants are natural air 
filters.

• Biodiversity Support: Habitat for urban wildlife.

Energy-Generating Envelopes

Building envelopes are evolving from passive to active 
energy systems:

1. Building-Integrated Photovoltaics (BIPV): The 
combination of roof tiles, facade panels, or 
other building materials with solar cells.

2. Transparent Solar Cells: Generate electricity 
while improving on windows’ transparency.

3. Piezoelectric Materials: Use of mechanical stress 
(e.g. wind on façades) to generate electricity.

At the thermal mass and night cooling scale.

Utilizing the building’s thermal mass for temperature 
regulation:

• High Thermal Mass Materials: Use having a cold 
pad and store heat prior the day and release at 
night.

• Night Purge Ventilation: An approach for cooling 
the building’s thermal mass during nighttime.

Smart Membranes and Barriers

Advanced membrane technologies enhance moisture 
and air control:

• Smart Vapor Retarders: Their permeability will 
adapt to humidity levels.

• Self-Sealing Membranes: Seals small punctures 
or tears automatically.

• Nanotechnology-enhanced Barriers: Offers ex-
cellent air and moisture control at the molecular 
level.

Challenges in Implementation

While these technologies offer significant benefits, 
several challenges need to be addressed:

• Cost: The many advanced envelope technologies 
come with high upfront costs.

• Integration: Compatibility with existing building 
systems and construction methods.

• Durability and Maintenance: One must also 
consider long term performance and maintenance 
requirements.

• Regulatory Compliance: New technologies will need 
to be accommodated for by building codes.[16]

The future of energy-efficient building 
envelopes looks promising:

• AI-Driven Optimization: Dynamic envelope 
property adjustment for optimum performance 
using artificial intelligence.

• Self-Healing Envelopes: Materials that can 
repair their own minor damage independently.

• Carbon-Negative Envelopes: Materials and 
systems that will actively remove CO2 from the 
atmosphere.

• Biomimetic Design: To draw inspiration from 
nature and create new more efficient and 
adaptive envelope systems.
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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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Achieving sustainable and resilient infrastructure is 
reliant on energy efficient building envelopes. These 
envelope systems integrate advanced materials, smart 
technologies, and new design approaches to shape 
buildings into active, responsive actors that interface 
with the environment. We can expect building envelopes 
to take on an even more massive influence with respect 
to energy use, as well as indoor comfort, and minimizing 
environmental impact of our built environment as 
research continues and technologies mature.

Resilient design of Infrastructure

In the era of climate change, natural disasters and rapidly 
evolving urban challenges, resilient infrastructure 
design is becoming more and more important. It seeks 
to lay the foundation of its structures and systems that 
can survive, evolve to, and bounce back from disruptive 
events rapidly. Enhancing the resilience of our built 
environment depends on smart construction materials.

Resilient Design Principles

Key principles guiding resilient infrastructure design 
include:

Robustness: The ability to resist extreme events without 
significant damage.

• Redundancy: Backup systems to continue 
functionality during failures.

• Resourcefulness: Ability to quickly determine 
problems and resource deployment.

• Rapidity: Quick ability to restore services 
contained losses and minimize outages.

Seismic Resilience Materials

Innovations in materials are enhancing buildings’ ability 
to withstand earthquakes:

• Shape Memory Alloys: These materials, when 
deformed, capture energy in the form of elastic 
strain and can return to their undistorted shape 
if they just give.

• Fiber-Reinforced Polymers (FRP): It is used 
for strengthening of existing structures against 
seismic forces.

• Base Isolation Systems: Fasten the building to 
advanced materials to decouple the building 
from ground motion.

• Energy Dissipation Devices: Seismic energy 
is absorbed in materials such as viscoelastic 
dampers.

Flood-Resistant Construction

Materials and designs for improved flood resilience:

• Permeable Pavements: It will allow water to 
percolate into the ground, taking runoff off the 
surface.

• Hydrophobic Coatings: Make water repel, thus 
protecting building materials from moisture 
damage.

• Waterproof Concrete Admixtures: Strengthen 
the waterproofing of concrete.

• Flood-Resistant Insulation: Something that has a 
performance after being exposed to floodwater.

Wind-Resistant Structures

Innovations for withstanding high wind loads:

• High-Performance Glass: Resisting wind borne 
debris laminated and tempered glass systems.

• Advanced Roof Systems: Better materials and 
designs for improvement of uplift resistance.

• Aerodynamic Building Shapes: Wind load 
minimizing structures designs.

Fire-Resistant Materials

Enhancing fire safety through material innovations:

• Intumescent Coatings: Expand when exposed to 
heat (protects underlying materials).

• Fire-Resistant Composites: Structural Integrity 
Materials for Fire.

• Phase Change Materials for Fire Protection: 
Delay temperature rise of structural elements 
by absorption heat.

Self-Healing Infrastructure

Materials that can repair themselves, enhancing long-
term resilience:

• Self-Healing Concrete: It contains bacteria or 
polymers that fill cracks when they form.

• Self-Repairing Asphalt: Is comprised of materials 
that melt and fill cracks when heated.

• Self-Healing Coatings: Autonomous repair of 
metal structure corrosion.

Adaptive Infrastructure System

Designs that can adjust to changing conditions:

• Flexible Water Systems: A kind of adaptable 
urban drainage systems that can cope with 
fluctuating water amount.
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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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• Modular Construction: It is easy to modify and 
expand on the structures.

• Smart Grid Technologies: Enabling the power 
systems to react to demand and disruptors 
dynamically.

Biomimetic Approaches

Drawing inspiration from nature for resilient design:

• Shock-Absorbing Structures: It’s inspired by 
things like natural shock absorbers like bamboo, 
or animal bones.

• Self-Cleaning Surfaces: Creating lotus leaf 
inspired facades that are water repellent and 
self cleaned.

• Adaptive Shading Systems: Based on plant 
evolutions aimed at maximizing solar gain.

Challenges in Implementation

Several challenges need to be addressed in implementing 
resilient infrastructure design:

• Cost Considerations: Often having higher upfront 
costs, resilient designs are often more resilient.

• Complexity: Technically, integrating multiple 
resilience strategies is not easy.

• Regulatory Frameworks: Resilience measures 
may need to be included in building codes.

• Balancing Priorities: Resilience vs. other design 
objectives: aesthetics, energy efficiency.

Future Trends

The field of resilient infrastructure design is rapidly 
evolving:

• AI and Machine Learning: In order to enable 
predictive maintenance and real time risk 
assessment.

• Digital Twins: The virtual models to simulate 
and optimize resilience strategies.

• Multi-Hazard Approaches: Designing to multiple 
types of threats at once.

• Community-Scale Resilience: That may move 
from transitioning within individual buildings to 
more resilient neighborhoods and cities..

The smart construction of the built environment has 
led to resilience design of infrastructure, enabled by 
smart materials and emerging technologies. We are 
building the foundation for more sustainable, safe, 
livable cities by creating structures and systems that will 

stand the tests, and continue to adapt to, a variety of  
challenges. The potential for creating truly resilient 
infrastructure expands as research advances and the 
field produces new materials and technologies, at least 
to a point, where the built environment can survive in a 
state of uncertainty and change.[16-18]

Smart Materials Life Cycle Assessment

Life Cycles Assessment (LCA) is an important tool 
to evaluate the environmental impact of smart 
construction materials during their whole lifetime. This 
approach encompasses all phases of a material’s life 
from raw material extraction to removal or recycling. 
LCA is increasingly important, guiding material selection 
and development, as the construction industry moves 
towards more sustainable practices.

Life Cycle Assessment Stages

A typical LCA for smart construction materials includes 
the following stages:

1. Raw Material Extraction: The environmental 
impacts of mining or harvesting raw materials.

2. Manufacturing: Energy utilization and release in 
the production process.

3. Transportation: Transporting materials to 
construction sites related impacts.

4. Installation: Effects of the construction process 
itself at an environmental level.

5. Use Phase: Lengthy and long term impacts, 
associated with the material life in its functional 
life such as its maintenance.

6. End-of-Life: For disposal, recycling or reuse.

Key Environmental Impact Categories

LCA typically evaluates materials across several 
environmental impact categories:

• Global Warming Potential: Greenhouse gas 
emissions contributions.

• Energy Consumption: Life cycle (lifecycle) total 
energy use.

• Water Usage: Water consumed or polluted in 
large amounts.

• Resource Depletion: Used of non renewable 
resources.

• Toxicity: Human health and ecosystem potential 
harmful effects.

• Waste Generation: Type and amount of waste 
produced.
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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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Assessing Smart Materials : Challenges

Smart materials present unique challenges for LCA:

• Complexity: The many smart materials involve 
complex composites or embedded technologies.

• Data Availability: Limited historical data to long 
term performance and end of life scenarios.

• Multifunctionality: Noisy evaluation of materials 
with different functionalities.

• Evolving Technologies: Assessments can also 
be rapidly outdated by these kinds of rapid 
advancements.

Case Studies: LCA of Smart Materials

Several studies have attempted to assess the lifecycle 
impacts of smart materials:

• Self-Healing Concrete: Potential long term 
cost benefits in reducing maintenance and 
replacement have been proven in studies, 
compensating for higher initial environmental 
costs.

• Phase Change Materials (PCMs): Energy savings 
during use phase can exceed production impact 
based on LCA.

• Smart Windows: Potential for significant 
reduction of building energy consumption is 
assessed, but with extra embodied energy in 
production.

Tools and Methodologies

Various tools and methodologies are used in conducting 
LCAs for smart materials:

• ISO 14040 and 14044: LCA according to 
international standards, a framework.

• Environmental Product Declarations (EPDs): 
Summarized standardized documents of LCA 
results.

• LCA Software:  These uses a tools such as SimaPro, 
GaBi or OpenLCA to conduct comprehensive 
assessment of products.

• Building Information Modeling (BIM): Holistic 
building assessment integrating LCA data to BIM.

Comparative Analysis

LCA allows for comparison between traditional and 
smart materials:

• Durability: There are many smart materials that 
have extended lifespans, which may reduce an 
overall environmental impact.

• Energy Efficiency: The use of smart materials 
in buildings often results in reduced operational 
use of energy.

• Maintenance Requirements: Smart materials 
that reduce their impact over the lifecycle can 
be either self repairing or low maintenance.

Considering Embodied Energy

The embodied energy of smart materials is a critical 
consideration:

• High Initial Impact: Embodied energy of many 
smart materials are higher due to complex 
manufacturing processes.

• Long-Term Benefits: However, initial impact 
may be reduced by improved performance and 
lifespan.

• Recycling Potential: Overall impacts of smart 
materials on environment can be very significant 
as the ability to recycle or repurpose smart 
materials at end of life still exists.

Future Directions in LCA of Smart Materials

The field of LCA for smart materials is evolving:

• Dynamic LCA: Methods for accounting for 
changing performance over time.

• Integration with IoT: At one level, we are using 
real-time smart building data to refine LCA 
models.

• Artificial Intelligence: Using AI for handling the 
complex data sets and enhancing predictive 
capabilities.

• Circular Economy Considerations: Assessment 
methods suited to the principles of circularity.

Policy & Practice implications

LCA findings have significant implications:

• Material Selection: Sharing with regard to 
informing choices between traditional and smart 
materials in construction projects.

• Building Codes: An important part of the 
evolution of sustainability through building 
regulation.

• Research Direction: It then further develops the 
material towards handling life cycle impacts.

• Green Building Certification: Making a 
contribution to criteria for green building rating 
systems.

The life cycle assessment of smart construction 
materials is a complex but essential process toward 
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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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sustainable and resilient construction infrastructure. 
LCA information provides a basis for informed decisions 
in material selection and development by providing a 
comprehensive view of environmental impacts. Since 
smart materials are becoming increasingly sophisticated, 
so too must our methods for assessing their lifecycle 
impacts. From this perspective, the on-going refinement 
of LCA methodologies will be key in allowing innovations 
on construction materials to meaningfully help deliver a 
more sustainable built environment.

Conclusion

However, smart construction materials for sustainable 
and resilient infrastructure is not only a technological 
challenge but an economic one. Integration of these 
innovative materials into mainstream construction 
practice requires understanding of the economic 
considerations and the market trends. Evaluating 
the economic viability of smart materials involves 
a comprehensive cost-benefit analysis. Advanced 
technology and manufacturing processes often lead 
to materials which are often higher than traditional 
materials. Operational Savings: Potential to save 
significant time to significantly reduce energy costs 
and maintenance expenses later. The view of long 
term economic benefits in terms of extended durability 
and reduced replacement needs. The functionality 
and occupant comfort can be improved, yielding 
economic value. Coming under increasing stringent 
environmental regulations that will drive adoption of 
eco friendly material. Policies aimed at encouraging 
energy efficient building, infrastructure and general 
transport. An increasingly urgent need to build systems 
that can tolerate extreme weather events and natural 
disasters. Smart materials getting more effective and 
more affordable. Public interest in building’s which are 
sustainable and high performance.
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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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