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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

Electromagnetic (EM) theory plays a pivotal role in geophysics, offering valuable insights 
into the subsurface properties of the Earth. In this comprehensive review, we delve into 
the principles, methods, and advancements in electromagnetic theory for geophysical 
applications. We explore how EM theory is employed to investigate the Earth’s electrical 
conductivity, map subsurface structures, and detect geological features such as mineral 
deposits, groundwater reservoirs, and hydrocarbon accumulations. Additionally, we 
discuss advanced techniques and emerging trends in EM geophysics, including time-domain 
and frequency-domain methods, inversion algorithms, and multi-physics integration. By 
gaining a deeper understanding of electromagnetic theory in geophysics, researchers and 
practitioners can harness its potential to address key challenges in resource exploration, 
environmental monitoring, and hazard mitigation.
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Introduction to Electromagnetic Theory in Geophysics

Electromagnetic theory provides a powerful framework 
for studying the Earth’s subsurface properties and 
structures. In geophysics, electromagnetic methods are 
employed to probe the electrical conductivity distribution 
of the Earth’s interior, which is influenced by factors 
such as lithology, fluid content, and temperature.[1-17]  
By measuring electromagnetic signals emitted or 
induced in the Earth’s surface, geophysicists can infer 
subsurface properties and delineate geological features 
of interest. Electromagnetic theory plays a pivotal role 
in geophysics, providing insights into the interactions 
between electromagnetic fields and the Earth’s 
subsurface. In geophysical exploration, electromagnetic 
methods are widely employed to study the Earth’s 
interior structure, detect subsurface features, and infer 
geological properties as shown in Fig. 1. 

Maxwell’s equations form the foundation of 
electromagnetic theory, describing how electric and 
magnetic fields interact and propagate in space. These 
equations govern the behavior of electromagnetic waves, 
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guiding the design and interpretation of geophysical 
experiments. 

In geophysics, electromagnetic waves are generated by 
artificial sources such as electromagnetic transmitters 
or induced by natural phenomena like solar radiation. As 
these waves propagate through the Earth’s subsurface, 
they interact with geological formations, causing 
reflections, refractions, and diffractions that carry 

Fig.1: Electromagnetic Method



National Journal of Antennas and Propagation, ISSN 2582-2659 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

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

Implemented in 45nm CMOS Technology

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

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.

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

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

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

IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:

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

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

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

 LSB= {VDD/ (2) ^N} (1)

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

19

Rebert H. Luedke, et al. : Electromagnetic Theory for Geophysical Applications using Antennas

valuable information about the Earth’s composition and 
structure.

Geophysicists utilize various electromagnetic methods, 
including magnetotellurics, electromagnetic induction, 
and ground-penetrating radar, to probe subsurface 
properties. These methods exploit differences in 
electrical conductivity, magnetic susceptibility, and 
dielectric permittivity of geological materials to infer 
subsurface structures, detect mineral deposits, or 
monitor environmental changes.

Electromagnetic theory provides the framework for 
understanding the complex interactions between 
electromagnetic fields and geological materials. 
By analyzing the propagation and response of 
electromagnetic waves, geophysicists can interpret data 
collected from field measurements and derive valuable 
insights into subsurface properties. 

Advancements in computational modeling, 
instrumentation, and signal processing techniques have 
enhanced the capabilities of electromagnetic methods 
in geophysics, enabling high-resolution imaging and 
deeper penetration into the Earth’s subsurface. As a 
result, electromagnetic exploration techniques continue 
to play a crucial role in advancing our understanding 
of the Earth’s structure, resource exploration, and 
environmental monitoring.

Principles of Electromagnetic Theory for Geophysical 
Applications

The principles of electromagnetic theory govern 
the interaction between electromagnetic fields and 
geological materials. Key concepts include Maxwell’s 
equations, which describe the behavior of electric 
and magnetic fields in space, and Ohm’s law, which 
relates electrical conductivity to the flow of electric 
current. In geophysics, electromagnetic waves 
propagate through the Earth’s subsurface, where they 
are attenuated, reflected, or scattered by geological 
structures and material properties. Understanding 
the electromagnetic response of the Earth allows 
geophysicists to interpret field measurements and infer 
subsurface properties [18]-[37].Electromagnetic theory 
serves as a fundamental framework for understanding 
and interpreting geophysical phenomena through the 
study of electromagnetic fields and their interactions 
with geological structures. In geophysical applications, 
electromagnetic theory is applied to investigate 
subsurface properties, map geological structures, and 
explore natural resourcesas shown in Fig. 2.

Maxwell’s equations form the cornerstone of 
electromagnetic theory, providing mathematical 

descriptions of how electric and magnetic fields 
interact and propagate. These equations govern 
the behavior of electromagnetic waves, guiding the 
design and interpretation of geophysical experiments. 
Understanding Maxwell’s equations allows geophysicists 
to predict and analyze the behavior of electromagnetic 
fields in various geological settings.

One key principle of electromagnetic theory applied in 
geophysics is the relationship between electromagnetic 
properties and subsurface geological features. Geological 
materials exhibit different electrical conductivity, 
magnetic susceptibility, and dielectric permittivity, 
which influence how electromagnetic waves interact 
with them. By measuring the response of electromagnetic 
fields to geological structures, geophysicists can infer 
valuable information about subsurface properties such 
as lithology, fluid content, and structural heterogeneity.

Another principle is the concept of electromagnetic 
wave propagation and scattering. When electromagnetic 
waves encounter boundaries or interfaces between 
different geological formations, they undergo reflection, 
refraction, and diffraction, leading to changes in their 
amplitude, phase, and polarization. By analyzing these 
wave interactions, geophysicists can delineate subsurface 
boundaries, identify geological discontinuities, and 
characterize geological structures.

Furthermore, electromagnetic theory enables the design 
and optimization of geophysical survey methods and 
instrumentation. By applying principles such as antenna 
theory, signal processing, and electromagnetic modeling, 
geophysicists develop techniques for generating 
electromagnetic fields, measuring their responses, and 
interpreting acquired data. These methods include 

Fig. 2: Electromagnetic Survey
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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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techniques such as magnetotellurics, electromagnetic 
induction, ground-penetrating radar, and controlled-
source electromagnetic surveys.

In summary, the principles of electromagnetic theory form 
the foundation for geophysical exploration, providing a 
systematic framework for understanding the interactions 
between electromagnetic fields and geological 
structures. By leveraging these principles, geophysicists 
can extract valuable subsurface information, advancing 
our knowledge of Earth’s composition, structure, and 
resources.

Methods and Techniques in EM Geophysics

Electromagnetic methods in geophysics encompass 
a variety of techniques for measuring and analyzing 
electromagnetic signals. These include:

 Z Time-Domain Methods: Time-domain electro-
magnetic (TDEM) methods involve transmitting 
transient electromagnetic pulses into the Earth’s 
subsurface and measuring the transient responses. 
TDEM surveys are used to map subsurface 
conductivity variations and detect conductive 
targets such as mineral deposits and groundwater 
reservoirs. Time-domain methods in geophysics refer 
to a class of techniques used to analyze the response 
of geological materials to transient electromagnetic 
signals over time. Unlike frequency-domain 
methods, which examine the frequency content of 
electromagnetic signals, time-domain methods focus 
on the temporal behavior of electromagnetic fields 
and their interaction with subsurface structuresas 
shown in Fig. 3.

One common time-domain method is time-domain 
electromagnetic (TDEM) surveys, where a transient 
electromagnetic pulse is generated and its response is 
measured over a range of time intervals. By analyzing 
the decay of electromagnetic signals as they propagate 
through the Earth’s subsurface, TDEM surveys provide 

information about the electrical conductivity distribution 
of geological formations.[38-43].

Another time-domain method is ground-penetrating 
radar (GPR), which uses pulsed electromagnetic signals 
to image subsurface features such as soil layers, buried 
objects, and geological interfaces. By analyzing the 
reflection and scattering of electromagnetic waves, 
GPR provides high-resolution images of subsurface 
structures, making it valuable for archaeological 
studies, environmental assessments, and infrastructure 
inspections.

Time-domain methods offer several advantages, including 
the ability to resolve complex subsurface structures, 
detect small-scale features, and discriminate between 
different geological materials. Additionally, they are 
versatile and applicable to a wide range of geological 
settings, from shallow near-surface investigations to 
deep exploration targets. Overall, time-domain methods 
play a critical role in geophysical exploration, providing 
valuable insights into the Earth’s subsurface properties 
and processes.

 Z Frequency-Domain Methods: Frequency-domain 
electromagnetic (FDEM) methods utilize continuous-
wave electromagnetic signals at various frequencies 
to probe the Earth’s subsurface. FDEM surveys 
provide information on subsurface conductivity 
distribution and depth of investigation, making them 
suitable for mineral exploration, hydrogeological 
studies, and environmental monitoring. Frequency-
domain methods in geophysics are techniques used 
to analyze the frequency content of electromagnetic 
signals and their interaction with geological 
structures. These methods exploit the variation of 
electromagnetic properties with frequency to infer 
subsurface properties and map geological features.

One common frequency-domain method is frequency-
domain electromagnetic (FDEM) surveys, where 
electromagnetic signals at specific frequencies are 
transmitted into the Earth’s subsurface, and the response 
is measured. By analyzing the amplitude and phase 
of electromagnetic signals at different frequencies, 
FDEM surveys provide information about the electrical 
conductivity distribution of geological formationsas 
shown in Fig. 4.

Another frequency-domain method is magnetotellurics 
(MT), which measures natural electromagnetic signals 
generated by variations in the Earth’s magnetic and 
electric fields over a range of frequencies. By analyzing 
the impedance tensor, which describes the relationship 
between electric and magnetic fields, MT surveys can Fig. 3: Techniques in EM Geophysics
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infer the electrical resistivity structure of the Earth’s 
subsurface.

Frequency-domain methods offer several advantages, 
including the ability to probe different depths and 
resolutions depending on the frequency range used. They 
are also sensitive to variations in geological properties 
such as mineral content, fluid saturation, and structural 
heterogeneity. Overall, frequency-domain methods are 
valuable tools for geophysical exploration, providing 
insights into the Earth’s subsurface composition, 
structure, and dynamics.

 Z Ground Penetrating Radar (GPR): GPR is a high-
resolution electromagnetic technique that uses 
radar pulses to image subsurface structures and 
geological features. GPR surveys are commonly used 
in archaeological studies, engineering investigations, 
and environmental assessments to detect buried 
objects, soil layers, and subsurface anomalies. 
Ground Penetrating Radar (GPR) is a geophysical 
technique used to non-invasively image subsurface 
features and structures. It operates by transmitting 
high-frequency electromagnetic pulses into the 
ground and measuring the reflected signals that 
bounce back from underground interfaces, such as 
soil layers, rock formations, or buried objects. GPR 
systems typically consist of a transmitter antenna 
that emits electromagnetic pulses, a receiver 
antenna that detects the reflected signals, and a 
control unit for data processing and display.

GPR is capable of providing detailed images of subsurface 
features with high spatial resolution, making it a valuable 
tool for various applications, including archaeological 
surveys, environmental assessments, geological mapping, 
and infrastructure inspections. The depth of penetration 

and resolution of GPR surveys depend on factors such as 
the frequency of the transmitted signals, the electrical 
properties of the subsurface materials, and the antenna 
configuration.

One of the key advantages of GPR is its ability to rapidly 
acquire data over large areas with minimal disturbance 
to the ground surface. It can be deployed in diverse 
terrain and environmental conditions, including urban 
areas, forests, deserts, and polar regions. However, 
GPR has limitations, such as limited penetration depth 
in highly conductive or attenuative materials, and 
challenges in interpreting complex subsurface structures. 
Nonetheless, ongoing advancements in GPR technology 
and data processing algorithms continue to enhance 
its capabilities and expand its range of applications in 
geophysics and beyond.

Applications of Electromagnetic Theory in Geophysics

Electromagnetic methods find diverse applications in 
geophysics across various fields, including:

 Z Mineral Exploration: Electromagnetic surveys are 
used to identify and delineate mineral deposits 
based on their electrical conductivity and magnetic 
susceptibility [44]-[48]. EM methods are particularly 
useful for detecting conductive ores such as base 
metals, precious metals, and graphite. Mineral 
exploration is the process of identifying and assessing 
areas of the Earth’s crust that may contain valuable 
mineral deposits. It plays a crucial role in locating and 
extracting minerals essential for various industrial, 
commercial, and technological applications. 
Geophysical methods, including ground-based and 
airborne techniques, are widely used in mineral 
exploration to detect and characterize subsurface 
mineral depositsas shown in Fig. 5.

One of the key geophysical methods employed in mineral 
exploration is electromagnetic (EM) surveys. EM surveys 

Fig. 4: Primary and secondary fields

Fig. 5: FDEM
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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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measure the electrical conductivity and magnetic 
susceptibility of the subsurface to identify potential 
mineralization zones. For example, frequency-domain 
electromagnetic (FDEM) surveys and time-domain 
electromagnetic (TDEM) surveys are commonly used 
to map conductive and resistive geological formations 
associated with mineral deposits.

Another important geophysical technique in mineral 
exploration is gravity and magnetic surveys. These 
surveys measure variations in the Earth’s gravitational 
and magnetic fields caused by subsurface geological 
structures, such as ore bodies, faults, and mineralized 
zones. By analyzing gravity and magnetic anomalies, 
geophysicists can infer the presence and extent of 
mineral deposits.

Additionally, seismic surveys are utilized in mineral 
exploration to image subsurface geological structures and 
identify potential mineralization targets. Seismic waves 
are generated and recorded to map rock properties, 
fault structures, and stratigraphic layers that may host 
mineral deposits.

Overall, geophysical methods play a vital role in 
mineral exploration by providing valuable insights 
into subsurface geological structures, lithologies, and 
mineralization processes. By combining geophysical 
surveys with geological mapping, geochemical analysis, 
and drilling techniques, mineral explorers can efficiently 
and effectively locate and evaluate mineral deposits for 
economic exploitation.

 Z Hydrogeological Studies: Electromagnetic surveys 
provide valuable information on groundwater 
resources, aquifer properties, and hydrogeological 
structures. EM methods are employed to delineate 
groundwater flow paths, map saline intrusion, and 
locate fresh groundwater reservoirs. Hydrogeological 
studies involve the investigation of groundwater 
flow, distribution, and quality within the Earth’s 
subsurface. These studies are essential for 
understanding the behavior of groundwater systems, 
managing water resources, and assessing potential 
environmental impacts. Geophysical methods play a 
crucial role in hydrogeological studies by providing 
non-invasive and high-resolution information about 
subsurface hydrological properties.

Electrical resistivity tomography (ERT) is commonly used 
in hydrogeological studies to map subsurface variations 
in electrical resistivity, which are indicative of changes 
in lithology, fluid content, and groundwater flow paths. 
By imaging subsurface resistivity distributions, ERT can 
delineate aquifer boundaries, characterize groundwater 

contamination plumes, and identify preferential flow 
pathways.

Seismic methods, such as seismic refraction and reflection 
surveys, are also employed in hydrogeological studies 
to map subsurface geological structures, assess aquifer 
properties, and locate potential groundwater resources. 
Seismic data can provide insights into subsurface 
lithology, porosity, and permeability, which are crucial for 
understanding groundwater flow dynamics and predicting 
groundwater availabilityas shown in Fig. 6.

Ground-penetrating radar (GPR) is another valuable 
geophysical tool in hydrogeological studies, particularly 
for investigating shallow groundwater systems and 
detecting subsurface features such as aquifer boundaries, 
bedrock fractures, and buried channels. GPR data can 
help delineate groundwater recharge zones, identify 
potential contamination sources, and assess the integrity 
of groundwater storage facilities.

Overall, geophysical methods are indispensable in 
hydrogeological studies, offering valuable information 
about subsurface hydrological properties and 
processes. By integrating geophysical surveys with 
hydrological modeling, groundwater monitoring, and 
field investigations, hydrogeologists can develop 
comprehensive understandings of groundwater systems 
and make informed decisions for sustainable water 
resource management and environmental protection.

 Z Hydrocarbon Exploration: Electromagnetic surveys 
play a role in hydrocarbon exploration by detecting 
resistive hydrocarbon accumulations beneath 

Fig. 6: Ground-penetrating radar
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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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been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
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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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the Earth’s surface. EM methods are used to map 
subsurface structures, identify potential oil and 
gas traps, and characterize reservoir properties. 
Hydrocarbon exploration is the process of identifying 
and assessing subsurface areas that may contain oil 
and gas deposits. It involves the systematic search 
for geological structures and formations conducive 
to hydrocarbon accumulation. Geophysical methods 
are instrumental in hydrocarbon exploration, 
providing valuable insights into the subsurface 
geology, fluid content, and potential hydrocarbon 
reservoirsas shown in Fig. 7.

Seismic surveys are the cornerstone of hydrocarbon 
exploration, utilizing sound waves to image subsurface 
geological structures and identify potential hydrocarbon 
traps. Seismic data help geoscientists map stratigraphic 
layers, faults, and anticlines that may indicate the 
presence of oil and gas reservoirs.

Electromagnetic (EM) surveys are also utilized 
in hydrocarbon exploration to detect subsurface 
hydrocarbon accumulations. EM methods measure 
variations in electrical conductivity caused by 
hydrocarbons and brines, enabling the delineation of 
potential reservoirs and the characterization of fluid 
properties.

Gravity and magnetic surveys complement seismic 
and EM methods by providing additional information 
about subsurface density variations and structural 
features. Gravity anomalies can indicate the presence 
of sedimentary basins or salt domes associated with 
hydrocarbon traps, while magnetic anomalies may reveal 
igneous intrusions or fault zones.

Overall, geophysical methods play a crucial role 
in hydrocarbon exploration by providing valuable 
information about subsurface structures, lithologies, and 
fluid properties. By integrating seismic, EM, gravity, and 
magnetic surveys, hydrocarbon explorers can efficiently 
and effectively locate and evaluate potential oil and gas 

reserves, contributing to the sustainable development of 
energy resources.

 Z Environmental Monitoring: Electromagnetic methods  
are employed in environmental studies to assess 
soil contamination, monitor groundwater quality, 
and detect subsurface pollution plumes. EM surveys 
help identify sources of contamination, track 
migration pathways, and evaluate remediation 
strategies. Environmental monitoring involves 
the systematic assessment and tracking of 
environmental parameters to evaluate changes 
over time, detect pollution sources, and safeguard 
ecosystems. Geophysical methods are valuable tools 
in environmental monitoring, providing non-invasive 
and high-resolution information about subsurface 
properties and processesas shown in Fig. 8.

Electrical resistivity tomography (ERT) is commonly used 
in environmental monitoring to map subsurface variations 
in electrical resistivity, which can indicate changes in soil 
moisture content, groundwater levels, and contaminant 
plumes. By imaging subsurface resistivity distributions, 
ERT can help identify contamination sources, delineate 
groundwater flow paths, and assess the effectiveness of 
remediation efforts.

Ground-penetrating radar (GPR) is another important 
geophysical technique in environmental monitoring, 
particularly for investigating shallow subsurface 
features such as buried utilities, landfill boundaries, 
and underground storage tanks. GPR data can provide 
detailed images of subsurface structures, facilitating 
the detection and characterization of environmental 
hazards.

Seismic methods, such as seismic refraction and reflection 
surveys, are also employed in environmental monitoring 
to assess subsurface geology, detect subsurface voids, 
and monitor the stability of infrastructure such as dams 
and levees. Seismic data can help identify potential 

Fig. 7: Ground Penetrating Radar (GPR) flow Fig. 8: Waterborne Ground Penetrating Radar -II
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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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geohazards and inform mitigation strategies to protect 
the environment and public safety.

Overall, geophysical methods play a vital role in 
environmental monitoring by providing valuable 
information about subsurface conditions and processes. 
By integrating geophysical surveys with other monitoring 
techniques such as groundwater sampling, soil analysis, 
and remote sensing, environmental scientists can gain 
a comprehensive understanding of environmental 
dynamics and make informed decisions for sustainable 
management and protection of natural resources.

Advances in Electromagnetic Geophysics

Recent advancements in electromagnetic geophysics 
have led to improved measurement techniques, data 
processing algorithms, and interpretation methods.[26-32] 
These include:

 Z Advanced Instrumentation: Advances in electro-
magnetic instrumentation, such as multi-channel 
receivers, broadband transmitters, and vector 
sensors, enable high-resolution imaging and multi-
parameter data acquisition in EM surveys.

 Z Numerical Modeling: Numerical modeling tech-
niques, such as finite-difference, finite-element, 
and integral-equation methods, facilitate forward 
modeling and inversion of electromagnetic data, 
allowing geophysicists to reconstruct subsurface 
conductivity models with high accuracy and 
resolution.

 Z Multi-Physics Integration: Integration of electro-
magnetic data with other geophysical methods, such 
as seismic, gravity, and magnetic surveys, enhances 
subsurface imaging and interpretation by providing 
complementary information on geological structures 
and physical propertiesas shown in Fig. 9.

Fig. 9: Ground-penetrating radar - III

 Z Machine Learning and Data Analytics:Machine 
learning algorithms and data analytics techniques 
are increasingly being applied to analyze large-scale 
electromagnetic datasets and extract meaningful 
insights, enabling automated interpretation and 
decision-making in geophysical exploration.

Challenges and Future Directions:

Despite the advancements in electromagnetic 
geophysics, several challenges and opportunities for 
future research exist:

 Z Resolution and Depth Penetration: Improving the 
resolution and depth penetration of electromagnetic 
surveys remains a challenge, particularly in 
environments with complex geological structures, 
heterogeneous properties, and cultural noise.

 Z Quantitative Interpretation: Developing robust 
inversion algorithms and quantitative interpretation 
techniques for electromagnetic data is essential for 
accurately characterizing subsurface conductivity 
distributions and extracting actionable information 
for resource exploration and environmental 
management.

 Z Instrumentation and Field Deployment: Enhancing 
the portability, reliability, and efficiency of electro-
magnetic instrumentation for field deployment in 
remote or challenging environments is critical for 
expanding the applicability and accessibility of EM 
geophysics.

 Z Interdisciplinary Collaboration: Fostering inter-
disciplinary collaboration between geophysicists, 
geologists, engineers, and data scientists is essential 
for advancing electromagnetic geophysics and 
addressing complex geological and environmental 
challenges.

Conclusion

Electromagnetic theory serves as a cornerstone in 
geophysics, providing essential tools and methodologies 
for investigating the Earth’s subsurface properties and 
structures. By leveraging electromagnetic methods, 
researchers and practitioners can address key challenges 
in mineral exploration, hydrogeology, hydrocarbon 
exploration, and environmental monitoring. Continued 
advancements in instrumentation, numerical modeling, 
multi-physics integration, and data analytics hold promise 
for unlocking new insights into the Earth’s subsurface 
and driving innovations in geophysical exploration and 
resource management. Through collaborative research 
efforts and interdisciplinary approaches, electromagnetic 
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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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geophysics will continue to play a vital role in advancing 
our understanding of the Earth’s complex dynamics and 
supporting sustainable development practices.
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