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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 sounding is a fundamental technique used in the analysis, design, and 
optimization of antennas, enabling engineers to characterize their electromagnetic 
properties, radiation patterns, and performance. This comprehensive review delves into 
the principles, methodologies, and applications of electromagnetic sounding in antennas, 
covering topics such as near-field measurement techniques, far-field characterization 
methods, numerical simulation tools, and practical applications. By examining the 
intricacies of electromagnetic sounding, this review aims to elucidate its significance in 
antenna engineering and its implications for advancing wireless communication, sensing, 
and imaging technologies.
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Introduction to Electromagnetic Sounding in Antennas

Electromagnetic sounding refers to the process of probing 
and analyzing the electromagnetic fields produced by 
antennas, enabling engineers to extract valuable insights 
into their behavior, performance, and characteristics. 
Electromagnetic sounding techniques encompass a 
wide range of experimental, numerical, and analytical 
methods used to measure, visualize, and analyze the 
electromagnetic fields generated by antennas in various 
operating conditions and environments. By employing 
electromagnetic sounding, engineers can gain a deeper 
understanding of antenna performance, optimize design 
parameters, and enhance system-level performance 
in wireless communication, sensing, and imaging 
applications.[1-12] Electromagnetic sounding is a technique 
used in antenna engineering and geophysical exploration 
to probe and analyze the properties of materials and 
structures through the use of electromagnetic waves. 
It involves transmitting electromagnetic signals into a 
medium and analyzing the responses to infer information 
about the medium’s composition, structure, and 
properties as shown in Fig. 1.

In the context of antennas, electromagnetic sounding 
is used to characterize the performance and behavior 
of antennas by measuring their radiation patterns, 
impedance, and other parameters. By analyzing the 
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electromagnetic fields generated by antennas and their 
interactions with the surrounding environment, engineers 
can optimize antenna designs, assess performance, 
and diagnose issues.[13-33] In geophysical exploration, 
electromagnetic sounding is employed to investigate 
subsurface structures and properties for various 
applications such as mineral exploration, groundwater 
detection, and environmental monitoring. Different 
electromagnetic sounding techniques, including ground-
penetrating radar (GPR), electromagnetic induction, 
and controlled-source electromagnetics (CSEM), are 
utilized to probe different depths and resolutions of the 
subsurfaceas shown in Fig. 2.

Fig. 1: Near field measurement system set up
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Fig. 2: Near-Field Antenna Measurement and  
Transformation

Electromagnetic sounding relies on the principles of 
electromagnetic wave propagation, scattering, and 
absorption to extract information about the medium 
being studied. The interaction between electromagnetic 
waves and the medium’s properties, such as conductivity, 
permittivity, and permeability, influences the behavior 
of the waves and can be analyzed to infer valuable 
information about the medium.Overall, electromagnetic 
sounding is a powerful tool in both antenna engineering 
and geophysics, offering insights into the electromagnetic 
properties of materials and structures. By leveraging 
the principles of electromagnetic wave propagation 
and interaction, electromagnetic sounding enables non-
invasive and remote characterization of diverse media, 
making it an invaluable technique in a wide range of 
applications, from antenna design to geophysical 
exploration and beyond.[34-40]

Principles of Electromagnetic Sounding

 � Maxwell’s Equations: Electromagnetic sounding is 
grounded in Maxwell’s equations, which describe 
the fundamental relationships between electric 
and magnetic fields, charges, currents, and 
electromagnetic waves in free space and materials. 
Maxwell’s equations govern the propagation, 
radiation, and interaction of electromagnetic waves 
with antennas and surrounding objects, providing 
the theoretical foundation for electromagnetic field 
analysis and measurement techniques.[41-49]

Maxwell’s equations are a set of fundamental equations 
that describe the behavior of electromagnetic fields and 
their interactions with electric charges and currents. 
They were formulated by the Scottish physicist James 
Clerk Maxwell in the 19th century and are considered 
one of the cornerstones of classical electromagnetismas 
shown in Fig. 3.

There are four Maxwell’s equations, which can be written 
in both integral and differential forms:

1. Gauss’s Law for Electricity: This equation states that 
the total electric flux through a closed surface is 
proportional to the total electric charge enclosed 
by that surface, divided by the permittivity of the 
medium.

2. Gauss’s Law for Magnetism: This equation states 
that magnetic monopoles do not exist, and the total 
magnetic flux through a closed surface is always 
zero.

3. Faraday’s Law of Electromagnetic Induction: This 
equation describes how a changing magnetic field 
induces an electromotive force (EMF) and hence an 
electric field in a closed loop.

4. Ampère’s Law with Maxwell’s Addition: This equation 
relates the circulation of the magnetic field around 
a closed loop to the electric current passing through 
the loop, as well as the rate of change of the electric 
field.

Together, Maxwell’s equations form the foundation 
of classical electromagnetism, providing a unified 
framework for understanding the behavior of 
electromagnetic fields and their interactions with 
matter. They have profound implications for various 
areas of physics, engineering, and technology, including 
antenna design, electromagnetic wave propagation, and 
communication systemsas shown in Fig. 4.

 �  Electromagnetic fields radiated by antennas exhibit 
distinct characteristics in the near-field and far-field 

Fig. 3: Fundamentals Of Antenna Measurements

Fig. 4: Near-Field Antenna Measurement and  
Transformation
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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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regions. In the near-field region, electromagnetic 
fields decay rapidly with distance, and the dominant 
components are reactive (electric or magnetic). 
In the far-field region, electromagnetic fields 
propagate as spherical waves, and the dominant 
components are radiative (electric and magnetic). 
Understanding the transition between near-field and 
far-field regions is essential for selecting appropriate 
measurement techniques and interpreting 
measurement results accurately. Near-field and far-
field regions are distinct regions that describe the 
behavior of electromagnetic fields surrounding an 
antenna or a radiating source.[50]

The near-field region, also known as the reactive 
field or the Fresnel region, is the region close to the 
antenna where the electromagnetic fields exhibit 
predominantly reactive behavior. In this region, the 
electric and magnetic fields vary rapidly with distance 
from the antenna, and their spatial distribution is highly 
dependent on the antenna’s geometry and operating 
frequency. The near-field region is characterized by 
strong electric and magnetic field components, as well 
as significant energy storage in the form of reactive 
fields. It extends up to a few wavelengths away from the 
antennaas shown in Fig. 5.

On the other hand, the far-field region, also known as 
the radiating field or the Fraunhofer region, is the region 
farther away from the antenna where the electromagnetic 
fields exhibit predominantly radiative behavior. In this 
region, the electric and magnetic fields propagate as 
electromagnetic waves, obeying the laws of radiation 
and exhibiting properties such as wavefront propagation, 
divergence, and polarization. The far-field region is 
characterized by a well-defined radiation pattern and 
is typically located at a distance of several wavelengths 

or more from the antenna.[51-53] Understanding the 
near-field and far-field regions is essential in antenna 
design, as the radiation characteristics, efficiency, and 
performance of antennas vary significantly between 
these regions. Additionally, knowledge of these regions 
is crucial for determining the appropriate antenna 
placement, optimizing antenna performance, and 
predicting the behavior of electromagnetic waves in 
various applications.

 � Field Measurement Techniques: Electromagnetic 
sounding techniques encompass various field 
measurement methods, such as near-field 
scanning, far-field measurement, and time-domain 
measurements. Near-field scanning techniques, such 
as probe scanning and planar scanning, enable detailed 
mapping of the electric and magnetic fields near the 
antenna surface, providing insights into radiation 
characteristics, polarization, and impedance 
matching. Far-field measurement techniques, such 
as antenna ranges, anechoic chambers, and outdoor 
test sites, enable characterization of the far-field 
radiation pattern, gain, and directivity of antennas 
in free-space conditions. Field measurement 
techniques are essential tools used in antenna 
engineering and electromagnetic compatibility 
(EMC) testing to characterize the electromagnetic 
fields produced by antennas and electronic devices 
in real-world environments. These techniques 
provide valuable insights into the radiation patterns, 
field strengths, polarization, and other properties 
of electromagnetic fields, enabling engineers to 
assess the performance, compliance, and safety of 
antennas and electronic systemsas shown in Fig. 6.

One common field measurement technique is the use of 
electromagnetic field probes, which are portable sensors 
designed to detect and measure electromagnetic fields 
in the vicinity of antennas and electronic devices. 
Field probes can measure electric and magnetic field 
strengths, as well as other parameters such as frequency, 
polarization, and modulation.

Fig. 5: Near-Field to Far-Field Transformation with 
Planar Spiral Scanning

Fig. 6: Robust and fast near-field antenna measure-
ment technique
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Another technique involves the use of spectrum analyzers 
and signal analyzers, which are used to analyze the 
frequency spectrum of electromagnetic fields emitted 
by antennas and electronic devices. These instruments 
provide valuable data on signal strength, frequency 
distribution, modulation, and other characteristics of 
electromagnetic emissions.

Additionally, field measurement techniques may 
involve the use of specialized equipment such as 
anechoic chambers, reverberation chambers, and open-
area test sites (OATS), which are designed to provide 
controlled environments for accurate measurement of 
electromagnetic fields in laboratory or field settings.

Overall, field measurement techniques play a crucial role in 
antenna design, EMC testing, and regulatory compliance, 
enabling engineers to assess the performance, safety, 
and regulatory compliance of antennas and electronic 
devices in real-world environments. These techniques 
provide valuable data for optimizing antenna designs, 
diagnosing electromagnetic interference (EMI) issues, 
and ensuring electromagnetic compatibility (EMC) in 
diverse applications.

Methods of Electromagnetic Sounding

 � Near-Field Measurement Techniques: Near-field 
measurement techniques involve scanning a probing 
device (such as a probe or an antenna) in close 
proximity to the antenna under test to measure 
the electric and magnetic fields directly. Near-field 
scanning enables high-resolution mapping of the 
near-field distribution, allowing engineers to visualize 
radiation patterns, identify sources of interference, 
and diagnose antenna performance issues. Common 
near-field measurement techniques include planar 
scanning, cylindrical scanning, and spherical scanning, 
each offering unique advantages and applications in 
antenna testing and analysisas shown in Fig. 7.

 � Far-Field Measurement Techniques: Far-field mea - 
sure  ment techniques involve measuring the 
radiation pattern and characteristics of antennas 
in the far-field region, where the electromagnetic 
fields propagate as spherical waves. Far-field 
measurements are typically performed in an 
anechoic chamber, outdoor test range, or compact 
antenna test range (CATR), where electromagnetic 
reflections and interference are minimized. Far-field 
measurement techniques include far-field antenna 
ranges, antenna pattern measurement systems, and 
compact range systems, each providing accurate and 
reliable characterization of antenna performance in 
free-space conditions.

 � Time-Domain Measurement Techniques:Time-domain 
measurement techniques involve transmitting 
short-duration pulses or modulated signals 
through the antenna under test and analyzing the 
received signals in the time domain. Time-domain 
measurements enable analysis of transient effects, 
signal propagation delays, and multipath reflections 
in antenna systems. Time-domain measurement 
techniques include pulse radar systems, time-domain 
reflectometry (TDR), and ultra-wideband (UWB) 
impulse radios, each offering unique capabilities 
for characterizing antennas in dynamic and time-
varying environments.

Numerical Simulation Tools for Electromagnetic 
Sounding

 � Method of Momen ts (MoM): The method of 
moments is a numerical technique used to solve 
electromagnetic field problems by discretizing the 
antenna structure into small segments and applying 
integral equations to calculate the electric and 
magnetic fields. MoM is well-suited for analyzing 
antennas with complex geometries, arbitrary 
materials, and multi-frequency operation, making it 
a versatile tool for electromagnetic field simulation 
and analysisas shown in Fig. 8.

 � Finite Element Method (FEM): The finite element 
method is a numerical technique used to solve partial 
differential equations governing electromagnetic 
fields by dividing the antenna structure into small 
finite elements and solving for the field distribution 
within each element. FEM is particularly useful 
for analyzing antennas with irregular geometries, 
inhomogeneous materials, and complex boundary 
conditions, enabling accurate and efficient simulation 
of electromagnetic fields in antenna systems.

Fig. 7: Near-Field Antenna Measurement Techniques
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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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 � Finite Difference Time Domain (FDTD): The finite 
difference time domain method is a numerical 
technique used to solve Maxwell’s equations 
by discretizing space and time into small finite 
differences and iteratively updating the electric and 
magnetic fields over time. FDTD is well-suited for 
simulating transient electromagnetic phenomena, 
time-varying fields, and complex geometries, making 
it a powerful tool for analyzing antennas in dynamic 
and non-linear environments.

 � Integral Equation Methods: Integral equation 
methods, such as the electric field integral equation 
(EFIE) and magnetic field integral equation (MFIE), 
are used to solve electromagnetic field problems 
by formulating integral equations based on the 
boundary conditions of the antenna structure. 
Integral equation methods offer advantages such as 
simplicity, accuracy, and scalability, making them 
suitable for analyzing antennas with large-scale 
structures, frequency-dependent materials, and 
complex geometries.

Applications of Electromagnetic Sounding  
in Antennas

Electromagnetic sounding finds diverse applications 
in antenna design, analysis, and optimization across 
various industries and domains:

 � Wireless Communication Systems: Electromagnetic 
sounding enables characterization and optimization 
of antennas for wireless communication systems, 
including cellular networks, Wi-Fi networks, 
satellite communication, and radar systems. By 
analyzing radiation patterns, impedance matching, 
and polarization characteristics, electromagnetic 
sounding helps engineers design antennas that meet 

performance requirements for coverage, capacity, 
and reliability in wireless communication networksas 
shown in Fig. 9.

 � Radar and Remote Sensing: Electromagnetic sounding 
is essential for designing antennas for radar systems, 
remote sensing platforms, and surveillance applications. 
By analyzing antenna radiation patterns, beamforming 
capabilities, and polarization characteristics, 
electromagnetic sounding enables engineers to design 
radar antennas with specific coverage, resolution, and 
detection capabilities for applications such as weather 
monitoring, air traffic control, and environmental 
sensing.

 � IoT and Smart Devices:Electromagnetic sounding 
plays a crucial role in designing antennas for Internet 
of Things (IoT) devices, smart sensors, and wearable 
electronics. By optimizing antenna size, efficiency, 
and radiation properties, electromagnetic sounding 
enables engineers to design compact, low-power 
antennas for wireless connectivity, data exchange, 
and environmental sensing in IoT networks and 
smart devices.

Biomedical Applications:Electromagnetic sounding 
is utilized in designing antennas for biomedical 
applications, such as medical imaging, wireless sensing, 
and implantable devices. By analyzing  antenna radiation 
characteristics, propagation properties, and tissue 

Fig. 8: Basic Rules for Anechoic Chamber

Fig. 9: A portable non-invasive microwave 
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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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interaction effects, electromagnetic sounding enables 
engineers to design antennas that meet performance 
requirements for imaging resolution, signal penetration, 
and biocompatibility in medical applications.

Challenges and Future Directions

Despite the advancements in electromagnetic sounding 
techniques, several challenges and opportunities exist 
for further research and development:

 � Complex Environments: Electromagnetic sounding 
in complex environments, such as urban areas, 
indoor environments, and cluttered spaces, poses 
challenges due to multipath propagation, reflections, 
and interference [53]. Future research efforts will 
focus on developing advanced electromagnetic 
sounding techniques, such as multi-path modeling, 
ray tracing, and machine learning-based algorithms, 
to improve accuracy and reliability in challenging 
environmentsas shown in Fig. 10.

 � Miniaturization and Integration: As antennas 
become increasingly compact and integrated into 
small-scale devices and systems, the challenges of 
electromagnetic sounding for miniaturized antennas 
arise. Future research will focus on developing 
specialized electromagnetic sounding techniques, 
such as near-field scanning microscopy, terahertz 
imaging, and microfabrication-based methods, to 
characterize and optimize miniaturized antennas 
with sub-wavelength dimensions and complex 
structures.

 � Multi-Physics Modeling:Electromagnetic sounding 
often involves coupling with other physical 
phenomena, such as thermal effects, mechanical 
vibrations, and material properties. Future research 

will focus on developing multi-physics modeling 
techniques, such as coupled electromagnetic-
thermal-mechanical simulations, to capture the 
interactions between electromagnetic fields and 
other physical processes, enabling comprehensive 
analysis and optimization of antenna systems.

 � Advanced Materials and Structures: The emergence 
of advanced materials, such as metamaterials, 
plasmonic structures, and graphene-based materials, 
presents new opportunities for enhancing antenna 
performance and functionality. Future research 
will explore the integration of advanced materials 
and structures with electromagnetic sounding 
techniques to design antennas with unprecedented 
capabilities, such as ultra-wideband operation, 
tunable properties, and reconfigurable functionality.

Conclusion

In conclusion, electromagnetic sounding is a vital 
technique in antenna engineering, enabling engineers 
to analyze, design, and optimize antennas for a wide 
range of applications in wireless communication, 
sensing, and imaging. By probing and analyzing 
the electromagnetic fields produced by antennas, 
electromagnetic sounding provides valuable insights 
into their behavior, performance, and characteristics, 
enabling engineers to tailor antenna designs to specific 
performance requirements and operational conditions. 
As wireless technologies continue to evolve and expand, 
electromagnetic sounding will remain an essential 
tool for advancing antenna technology, enabling new 
capabilities, applications, and experiences in the era of 
connectivity and convergence. By embracing emerging 
trends, leveraging advanced technologies, and fostering 
interdisciplinary collaborations, antenna engineers can 
unlock the full potential of electromagnetic sounding 
and shape the future of wireless communication, 
sensing, and imaging technologies.
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