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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
As new technologies of assessing and maintaining infrastructure integrity have been 
introduced, the field of civil engineering has emerged to a new paradigm. Structural 
health monitoring (SHM), which combines sensors, data analytics, and engineering 
expertise to assess the condition of buildings, bridges, tunnels, high-rise buildings, 
pipeline systems, and other important structures, is at the front of this revolution. 
This comprehensive review investigates the latest SHM developments, its application in 
civil engineering domains and its potential to transform how we build and maintain our 
urban environments. Since our cities are growing and infrastructure are getting older, 
a better monitoring system is becoming a growing need. Proactive SHM is a solution 
that provides the opportunity for engineers to prevent issues before they reach repair 
or catastrophic failure status. SHM is utilizing cutting edge technologies such as the 
Internet of Things (IoT), artificial intelligence, and advanced sensor networks to lead 
the way towards smarter, safer and more resilient civil infrastructure. In this article we 
delve into the multilayer world of structural health monitoring (SHM), covering its core 
principles, technological underpinnings, current applications and futures. We’ll dive 
from the latest sensor technologies to data analysis techniques to discover how SHM is 
transforming how we manage and maintain infrastructure. Let’s take a look inside this 
highly innovative field, and how its potential can positively impact the civil engineering 
toward the future.
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Structural Health Monitoring: The Evolution

Early development and Historical context

However, the concept of monitoring structural integrity 
is not new to the civil engineering. The health of 
builders’ and the engineers’ works has been tested for 
centuries in different ways. But the mid-20th century 
is where the systematic approach we now refer to as 
structural health monitoring began to emerge. First 
efforts were concentrated on visual inspections and 
simple measurement techniques. Structures were 
examined periodically for visible signs of wear (such 
as cracks or deformations). While interesting, these 
methods were limited as to identification of internal 
problems or prediction of future problems. With every 
advancement in technology, the tools to help structural 
assess the building became more advanced. Some say it 
didn’t begin until the introduction of strain gauges and 
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accelerometers in the 1960s and 1970s. More precise 
measurements under various loads and environmental 
conditions could now be performed using these devices  
(Table 1).

The Digital Revolution in SHM

Digital technology which began in the late 20th century 
ushered in a new era for structural health monitoring. 
With the coming of computers, we could begin to collect 
and analyze massive quantities of data, creating new 
opportunities to understand structural performance. 
From the 1990s, wireless sensor networks dramatically 
extended the scope and scale of monitoring capabilities. 
Deploying that many sensors across large structures was 
not possible using only the networks we had available 
until now. The Internet of Things and cloud computing 
revolutionized SHM as we proceeded into the 21st 
century. The ability to collect and analyse real time data 
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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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made it now possible to continuously monitor structures 
and to take action quickly if issues should arise.

Current State of the Art

Structural health monitoring today often includes a 
variety of technology and methodology. The structural 
behavior is investigated with unprecedented levels of 
detail of advanced sensors, such as fiber optics and 
microelectromechanical systems (MEMS). Machine 
learning and artificial intelligence are now crucial 
for SHM and enable more advanced data analysis and 
predictive modelling. By using these technologies 
we can spot patterns and anomalies that may slip by 
our human eyes, and we can use these to predict and 
prevent structural problems. New opportunities are 
being created for holistic infrastructure management 
through the integration of SHM with building information 
modeling (BIM) and digital twin technologies. With these 
tools, engineers can simulate and optimize structural 
performance of a building or bridge from the onset 
through the entire lifecycle of a project. As we progress 
to the future, the field of structural health monitoring is 
developing fast. Futuristic technologies such as networks 
like 5G along with edge computing and advanced 
materials will only offer us greater ways to monitor and 
keep up with our civil infrastructure.[1-6]

Structural Health Monitoring Core Principles

Civil Engineering SHM Context

Structural health monitoring in civil engineering 
is the implementation of a damage detection and 
characterization strategy for engineering structures. 
The measurement and observation of a structure over 
time with periodically spaced measurements, and the 
extraction of the damage sensitive features from the 

measurements to identify the current state of system 
health. The primary motivation for SHM is to supply 
accurate and timely structural condition information, 
to support decisions about maintenance, repair, and 
replacement. This proactive approach seeks to increase 
safety, decrease maintenance costs, and extend life of 
civil infrastructure.

Fig. 1: Structural Health Monitoring Core Principles

A typical structural health monitoring system consists 
of several key components:

These objectives have a hierarchy since one level builds 
on top of the other. For a higher level of SHM capability 
more sophisticated sensors, data analysis techniques 
and structural model are required for achieving a higher 
level of SHM capability..

There are several strategies employed in structural health 
monitoring:

Each of these approaches has its strengths and 
weaknesses; which approach is selected depends upon 

Table 1: Structural Health Monitoring: The Evolution

Technology Functionality

Vibration-Based 
Sensing

Vibration-based sensing measures the changes in the structural vibration characteristics to detect 
damage or cracks in civil structures.

Acoustic Emission 
Monitoring

Acoustic emission monitoring captures the high-frequency stress waves emitted by a material when it 
undergoes deformation or damage, providing early detection of structural flaws.

Strain Gauges Strain gauges measure the deformation or strain in structural components, helping to assess structural 
integrity and detect stress concentration areas.

Fiber Optic Sensors Fiber optic sensors use light transmission to monitor the structural behavior and detect changes in 
temperature, strain, or stress, offering high sensitivity and long-term stability.

Ultrasonic Testing Ultrasonic testing involves the use of sound waves to detect internal cracks, voids, or other defects in 
materials, providing non-destructive testing for structures.

Load Monitoring 
Systems

Load monitoring systems measure the load distribution and stress levels across structural elements, 
ensuring that structures are not subjected to overload conditions.
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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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such factors as the structural class, environmental 
features, and the particular objectives of the monitoring 
study. A sensor network is the foundation for a structural 
health monitoring system. These devices are the eyes 
and ears of the system, feeding important data regarding 
the condition and behavior of the structure. A wide array 
of sensor types is employed in SHM, each designed to 
measure specific parameters: Recent advancements 
in sensor technology have led to the development 
of more sophisticated and versatile sensing systems. 
The choice of sensor types is clearly not the only or 
even the predominant determinant of an SHM systems 
effectiveness; placement and distribution of sensors 
within the structure, coupled with the number of sensors 
is a much more critical factor. In system design, it is 
important to place the sensors optimally, to maximize 
information gain while minimising the number of sensors 
required.[6-11]

Sensor Technologies in Structural Health 
Monitoring

The foundation of any structural health monitoring 
system lies in its sensor network. These devices act 
as the eyes and ears of the system, collecting crucial 
data about the structure’s condition and behavior. A 
wide array of sensor types is employed in SHM, each 
designed to measure specific parameters. Recent 
advancements in sensor technology have led to the 
development of more sophisticated and versatile sensing  
systems:

Sensor Placement and Distribution

The effectiveness of an SHM system depends not only on 
the types of sensors used but also on their placement and 
distribution throughout the structure. Optimal sensor 
placement is a critical aspect of system design, aiming 
to maximize the information gained while minimizing 
the number of sensors required.[12-14]

Sensor Technologies in Structural Health 
Monitoring
Overview of Sensor Types

The foundation of any structural health monitoring 
system lies in its sensor network. These devices act as 
the eyes and ears of the system, collecting crucial data 
about the structure’s condition and behavior. A wide 
array of sensor types is employed in SHM, each designed 
to measure specific parameters. Recent advancements 
in sensor technology have led to the development of 
more sophisticated and versatile sensing systems. The 
effectiveness of an SHM system depends not only on the 
types of sensors used but also on their placement and 

distribution throughout the structure. Optimal sensor 
placement is a critical aspect of system design, aiming 
to maximize the information gained while minimizing 
the number of sensors required.

Advanced optimization algorithms are often employed to 
determine the most effective sensor layouts, balancing 
coverage, redundancy, and cost considerations. Once 
sensors are in place, the next challenge is to efficiently 
collect and transmit the data they generate. Modern data 
acquisition systems must handle high sampling rates, 
multiple sensor types, and large volumes of data. SHM 
systems are being enhanced by emerging technologies 
such as 5G networks and edge computing which increase 
speed of data transmission and on site processing sensor 
data. Calibration and maintenance of many sensor 
networks.• Energy harvesting and self powered sensors• 
Several types of multifunctional sensors which can 
measure more than one parameter.• Sensing systems 
that are inspired from biology.• Ultra high sensitivity 
(nanotechnology based) sensors• Transformed artificial 
intelligence enhanced sensors to improve data quality 
and to self diagnose.th monitoring. Each of these 
approaches has its strengths and limitations, and the 
choice of strategy depends on factors such as the type 
of structure, environmental conditions, and specific 
monitoring objectives.[15-18]

Sensor Technologies in Structural Health 
Monitoring
Overview of Sensor Types

The foundation of any structural health monitoring 
system lies in its sensor network. These devices act as 
the eyes and ears of the system, collecting crucial data 
about the structure’s condition and behavior. A wide 
array of sensor types is employed in SHM, each designed 
to measure specific parameters:

Sensor Placement and Distribution

The effectiveness of an SHM system depends not only on 
the types of sensors used but also on their placement and 
distribution throughout the structure. Optimal sensor 
placement is a critical aspect of system design, aiming 
to maximize the information gained while minimizing 
the number of sensors required.Advanced optimization 
algorithms are often employed to determine the 
most effective sensor layouts, balancing coverage, 
redundancy, and cost considerations.

Data Acquisition and Transmission

Once sensors are in place, the next challenge is to 
efficiently collect and transmit the data they generate. 
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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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Modern data acquisition systems must handle high 
sampling rates, multiple sensor types, and large volumes 
of data. Emerging technologies such as 5G networks and 
edge computing are enhancing the capabilities of SHM 
systems, enabling faster data transmission and on-site 
processing of sensor data. Future sensor technologies 
will be increasingly important to facilitate more robust 
and comprehensive structural health monitoring, and 
to ultimately lead to safer and more resilient civil 
infrastructure.

Table 2: Sensor Technologies in Structural Health Monitoring

Benefit Advantage

Early Detection of 
Damage

Early detection of damage 
helps identify and address 
issues before they escalate, 
reducing the likelihood of 
catastrophic failures in 
structures.

Cost Savings in 
Maintenance

Cost savings in maintenance 
come from predictive 
analysis and efficient repair 
scheduling, reducing the need 
for costly emergency repairs 
and downtime.

Improved Structural 
Safety

Improved structural safety 
ensures that structures meet 
safety standards and perform 
optimally, protecting both 
users and the environment.

Prolonged Service Life Prolonged service life is 
achieved by continuously 
monitoring the health of 
structural components, which 
allows for timely interventions 
and maintenance, extending 
the lifespan of infrastructure.

Real-Time Monitoring Real-time monitoring provides 
up-to-the-minute data on 
the condition of structural 
elements, enabling immediate 
responses to potential threats 
or anomalies.

Data-Driven Decision 
Making

Data-driven decision making 
leverages collected data to 
make informed decisions 
regarding the management, 
repair, or upgrade of 
structures, improving overall 
asset management.

SHM Data Analysis and Interpretation
Structural health monitoring Role of data

Any structural health monitoring system requires data to 
be its life blood. Sensor networks allow us to collect and 
analyze vast amounts of information about the behavior 
and condition of civil engineering structures that is 
invaluable. While raw data is certainly not product 
creating per se, raw data alone is not enough; it must 
be processed, analyzed, and interpreted in order to 
draw out useful knowledge; namely for decision making. 
As it turns out, over time, each of these stages then 
becomes a cornerstone in transforming raw sensor data 
into actionable intelligence about the structural health 
of a building, bridge, or other infra structure.

Signal Processing Techniques

Data analysis in SHM is founded on signal processing. The 
extracted relevant information from sensor signals is 
then prepared for further analysis, and these techniques 
are used. Common signal processing methods employed 
in SHM include. Data compression, sensor data reduction 
and identification of meaningful patterns contained in 
the sensor data are facilitated with these techniques..

SHM applications within Machine Learning and Artificial 
Intelligence

New technology like machine learning and artificial 
intelligence have come to the aid of data analysis in 
structural health monitoring. The resultant advanced 
features include enhanced pattern recognition, anomaly 
detection, and predictive modeling execution. Machine 
learning algorithms are able to analyze data collected 
from multiple sensors, for large amounts of information 
and recognition of between that information, certain 
patterns that could be unnoticed by human analysis. By 
nature of its recursive and data-generative approach, this 
capability is particularly useful in identifying subtle signs 
of degradation in the structure, or estimating the behavior 
in other conditions in the future. In this respect, these 
methods assist in differentiating variation in structural 
behavior as a result of normal or pathological change.[19-21]

Fig. 2: SHM Data Analysis and Interpretation 
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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 

5

Data Fusion and Integration

Current SHM systems can also use information from 
different types and sources of sensors. Combination 
of such disparate details also utilises data fusion 
techniques to create an integrated framework of 
structural health.• Integration of data coming from 
different type of sensors such as strain, acceleration 
and temperature.• Integrating data from sensors with 
the findings derived from visual observation• They 
noted reconciling SHM data with building information 
models (BIM)• Utilising environmental and operating 
dataHM The advent of machine learning and artificial 
intelligence has revolutionized data analysis in structural 
health monitoring. These technologies enable more 
sophisticated pattern recognition, anomaly detection, 
and predictive modeling capabilities. Machine learning 
algorithms can process vast amounts of data from 
multiple sensors, identifying subtle patterns and 
correlations that might escape human analysts. This 
capability is particularly valuable in detecting early 
signs of structural deterioration or predicting future 
performance under various scenarios.

Statistical Methods for Damage Detection

Statistical analysis plays a crucial role in interpreting 
SHM data and making inferences about structural health. 
Various statistical methods are employed to detect 
changes in structural behavior that may indicate damage 
or deterioration. These methods help in distinguishing 
between normal variations in structural behavior and 
significant changes that warrant further investigation or 
intervention.

Data Fusion and Integration

Modern SHM systems often incorporate data from multiple 
sensor types and sources. Data fusion techniques are 
used to combine this heterogeneous information into a 
coherent picture of structural health. This integration can 
involve. Data fusion therefore improves the credibility 
of the structural health assessment and offers broader 
coverage of the structure condition. Despite significant 
advancements, several challenges remain in the field of 
SHM data analysis: To overcome these challenges further 
research work is needed along with multi-disciplinary 
efforts where civil engineers, data scientists, and domain 
specialists can be involved together. Shifting Paradigms 
and Potential Peripherals in Data Analysis for SHM• Real-
time data analytics edge computing at the Sensor level• 
AI for X, where X is an explanation of how the decision 
was made in black box machine learning models.• Smart 
material for better realization of the physical state, as 
well as Digital twin development for superior simulation 

& prediction.• Federated learning as a means of training 
a model concerning multiple structures.• Quantum 
computing in addressing high levels of computation in 
optimization and in SHMchine learning and artificial 
intelligence has revolutionized data analysis in 
structural health monitoring. These technologies enable 
more sophisticated pattern recognition, anomaly 
detection, and predictive modeling capabilities. Some 
key applications of ML and AI in SHM include: Machine 
learning algorithms can process vast amounts of data 
from multiple sensors, identifying subtle patterns and 
correlations that might escape human analysts. This 
capability is particularly valuable in detecting early 
signs of structural deterioration or predicting future 
performance under various scenarios.

Statistical Methods for Damage Detection

Statistical analysis plays a crucial role in interpreting 
SHM data and making inferences about structural health. 
Various statistical methods are employed to detect 
changes in structural behavior that may indicate damage 
or deterioration. These methods help in distinguishing 
between normal variations in structural behavior and 
significant changes that warrant further investigation or 
intervention.

Fig. 3: Statistical Methods for Damage Detection

Data Fusion and Integration

Modern SHM systems often incorporate data from 
multiple sensor types and sources. Data fusion techniques 
are used to combine this heterogeneous information 
into a coherent picture of structural health. This 
integration can involve. Effective data fusion enhances 
the reliability and comprehensiveness of structural 
health assessments, providing a more holistic view of 
the structure’s condition.
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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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Challenges in SHM Data Analysis

Despite significant advancements, several challenges 
remain in the field of SHM data analysis. Addressing these 
challenges requires ongoing research and collaboration 
between civil engineers, data scientists, and domain 
experts.

Future Trends in SHM Data Analysis

Looking ahead, several trends are shaping the future of 
data analysis in structural health monitoring. As these 
technologies develops in the future, research studies in 
structural health monitoring points to increased accuracy, 
improved efficient, and increased feasibility of the SHM 
systems for safer and sustainable civil structures.

SHM in different fields and domains of civil 
engineering

Bridges and Highway Construction

Based on the results of the explorative survey, structural 
health monitoring has revealed itself as having a wide 
range of application in the field of bridge engineering 
and highway construction and development. These 
are essential substructures of transportation systems 
that undergo degradation due to the traffic loads and 
environmental conditions as well as age. SHM systems 
are playing an important job for keeping them safe and 
healthy.

Key applications in this area include:

These applications have resulted into better maintenance 
practises, longer bridge service lives and improved 
safety for millions of daily users. Modern tall buildings 
are becoming taller and more complex than before and 
hence system for structural health monitoring is facing 
new challenges. SHM systems in high-rise buildings 
focus on. In addition to safety, these applications also 
underpin the improvement of the building and its energy 
performance.

Dams and Hydraulic Structures

Hydraulic structures such as dams all form components 
of infrastructural development which despite having high 
levels of safety, must be continually supervised given the 
catastrophic implications of failure. SHM applications in 
this domain include:

Underground structures and Tunnels

At the Urban Construction and Operation level, 
specialized SHM approaches are needed to address the 
unique challenges of underground construction and 

operation. Applications in tunnels and underground 
structures include. The applications improve safety in 
construction and during operation and generate useful 
data for the next underground project.

Structures of Historic and Cultural Heritage

Preservation of historic buildings and cultural heritage 
sites are crucially dependent on structural health 
monitoring. SHM applications in this domain are often 
non-invasive and focus on. These applications assist in 
enacting conservation strategies that keep preservation 
and public accessibility and safety balanced. Structural 
health monitoring in the harsh marine environment is 
unique. Applications in offshore and marine structures 
include. The benefit of these applications is their 
contribution to improving the safety and lifespan 
of marine structures while maximizing life cycle 
optimization in difficult environments. Despite the 
significant advancements in structural health monitoring, 
several challenges persist that hinder its widespread 
adoption and effectiveness.

A Revolution of Emerging Technologies and Their 
Possible Applications

Several emerging technologies hold promise for 
addressing current challenges and advancing the field 
of structural health monitoring. To address current 
challenges and leverage emerging technologies, future 
research in structural health monitoring should focus on:

Implications for Society and the Economy

The advancement of structural health monitoring 
technologies has far-reaching implications beyond 
the technical realm: This trend will only continue as 
structural health monitoring evolves, playing an ever 
bigger part in shaping our future built environment, 
and ensuring safer, more efficient, and more sustainable 
infrastructure worldwide.

Conclusion

However, civil engineers have taken advantage of a 
tool in their arsenal of civil engineering: structural 
health monitoring, which has provided unparalleled 
perspectives to our built environment. SHM systems 
are affecting how we design, build, and maintain 
infrastructure throughout bridges and skyscrapers, dams 
and tunnels. By integrating advanced sensor technologies, 
data analytics and artificial intelligence, it’s on the 
edge of what can be done in structural assessment and 
management. Civil engineering practice now includes 
real time monitoring, predictive maintenance and data 



Alejandro Carlos et al. : Structural Health Monitoring and Impact in Civil Engineering

Innovative Reviews in Engineering and Science | Jan-June 2026 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh
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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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driven decision making. However, challenges remain. 
Despite significant cost and complexity in implementing 
comprehensive SHM systems in existing structures, 
progress has been impeded by a reluctance (or inability) 
to pay for this comparatively new technology. In addition, 
many challenges remain, including data management, 
sensor reliability and standardization. An opportunity 
exists to augment the capabilities of SHM systems, 
creating even bigger applications, through emerging 
technologies such as 5G networks, edge computing, and 
quantum sensors. Combined with current research into 
self powered sensors and bio inspired materials, these 
advancements will herald a new age of smart, responsive 
infrastructure. Structural health monitoring becomes 
important as we struggle with aging infrastructure 
and increased environmental stress. SHM systems will 
provide early warning of potential issues and allow 
more efficient resource allocation by means of which 
the safety, sustainability, and the resilience of our 
built environment will be ensured for many subsequent 
generations. Our field of civil engineering structural 
health monitoring is at an exciting crossroads as it will 
fundamentally change how we interact with and manage 
our infrastructure. SHM will continue to play a more 
central role as technology evolves and we understand, 
even if the future cities and structures will manifest 
themselves in different ways than we know them today.

References:
1. e dei Trasporti, M. D. I. (2018). Norme tecniche per le 

costruzioni. Ministero delle Infrastrutture e dei Trasporti, 
Decreto Ministeriale del, 17.

2. del Consiglio, D. D. D. P. dei Ministri 9 febbraio 2011. Valu-
tazione e riduzione del rischio sismico del patrimonio cul-
turale con riferimento alle Norme tecniche per le costruz-
ioni di cui al DM 14/01/2008.

3. Faccio, P., Podestà, S., & Saetta, A. (2010). VENEZIA, IL 
CAMPANILE DELLA CHIESA DI SANT’ANTONIN-Torri, cam-
panili ed altre strutture a prevalente sviluppo verticale. 
In Linee Guida per la valutazione e riduzione del rischio 
sismico del patrimonio culturale–allineamento alle nuove 
norme tecniche per le costruzioni (pp. 292-323).

4. Ye, X. W., Dong, C. Z., & Liu, T. (2016). A review of ma-
chine vision-based structural health monitoring: meth-
odologies and applications. Journal of Sensors, 2016(1), 
7103039.

5. Pittala, C. S., Parameswaran, V., Srikanth, M., Vijay, V., 
Siva Nagaraju, V., Venkateswarlu, S. C., ... & Vallabhuni, 
R. R. (2021). Realization and comparative analysis of ther-
mometer code based 4-bit encoder using 18 nm FinFET 
technology for analog to digital converters. In Soft Com-
puting and Signal Processing: Proceedings of 3rd ICSCSP 
2020, Volume 1 (pp. 557-566). Singapore: Springer Singa-
pore.

6. Xu, Y., & Brownjohn, J. M. (2018). Review of machine-vi-
sion based methodologies for displacement measurement 
in civil structures. Journal of Civil Structural Health Mon-
itoring, 8, 91-110.

7. Karaaslan, E., Bagci, U., & Catbas, F. N. (2019). Artifi-
cial intelligence assisted infrastructure assessment us-
ing mixed reality systems. Transportation Research Re-
cord, 2673(12), 413-424.

8. Gulgec, N. S., Shahidi, G. S., Matarazzo, T. J., & Pakzad, 
S. N. (2017). Current challenges with bigdata analytics in 
structural health monitoring. In Structural Health Moni-
toring & Damage Detection, Volume 7: Proceedings of the 
35th IMAC, A Conference and Exposition on Structural Dy-
namics 2017 (pp. 79-84). Springer International Publish-
ing.

9. OBrien, E. J., & Keenahan, J. (2015). Drive-by damage de-
tection in bridges using the apparent profile. Structural 
Control and Health Monitoring, 22(5), 813-825.

10. Vallabhuni, R. R., Koteswaramma, K. C., & Sadgurbabu, B. 
(2020, October). Comparative validation of SRAM cells de-
signed using 18nm FinFET for memory storing applications. 
In Proceedings of the 2nd International Conference on IoT, 
Social, Mobile, Analytics & Cloud in Computational Vision 
& Bio-Engineering (ISMAC-CVB 2020).

11. Shirzad-Ghaleroudkhani, N., Mei, Q., & Gül, M. (2020). 
Frequency identification of bridges using smartphones on 
vehicles with variable features. Journal of Bridge Engi-
neering, 25(7), 04020041.

12. Wu, J., Xu, X., Liu, C., Deng, C., & Shao, X. (2021). Lamb 
wave-based damage detection of composite structures 
using deep convolutional neural network and continuous 
wavelet transform. Composite Structures, 276, 114590.

13. Su, C., Jiang, M., Liang, J., Tian, A., Sun, L., Zhang, L., 
... & Sui, Q. (2020). Damage assessments of composite 
under the environment with strong noise based on syn-
chrosqueezing wavelet transform and stack autoencoder 
algorithm. Measurement, 156, 107587.

14. Worden, K., Staszewski, W. J., & Hensman, J. J. (2011). 
Natural computing for mechanical systems research: A tu-
torial overview. Mechanical Systems and Signal Process-
ing, 25(1), 4-111.

15. Vallabhuni, R. R., Karthik, A., Kumar, C. V. S., Varun, B., 
Veerendra, P., & Nayak, S. (2020, December). Compara-
tive Analysis of 8-Bit Manchester Carry Chain Adder Us-
ing FinFET at 18nm Technology. In 2020 3rd International 
Conference on Intelligent Sustainable Systems (ICISS) (pp. 
1579-1583). IEEE.

16. Lin, M., Qing, X., Kumar, A., & Beard, S. J. (2001, June). 
Smart layer and smart suitcase for structural health mon-
itoring applications. In Smart structures and materials 
2001: industrial and commercial applications of smart 
structures technologies (Vol. 4332, pp. 98-106). SPIE.

17. Qing, X. P., Beard, S. J., Kumar, A., Chan, H. L., & Ikeg-
ami, R. (2006). Advances in the development of built-in 
diagnostic system for filament wound composite struc-



Alejandro Carlos et al. : Structural Health Monitoring and Impact in Civil Engineering

Ishrat Zahan Mukti,  , et al. :  1.8-V Low Power, High-Resolution, High-Speed Comparator With Low Offset Voltage Implemented in 45nm CMOS Technology

Journal of VLSI circuits and systems, , ISSN 2582-1458 20

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

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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