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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

Inductive coupling plays a pivotal role in the design and performance of antennas, 
enabling efficient energy transfer, impedance matching, and radiation pattern control in 
wireless communication systems. This comprehensive review delves into the principles, 
mechanisms, design methodologies, and evaluation techniques of inductive coupling in 
antenna design. By examining the fundamentals of inductive coupling and its applications 
in various antenna configurations, this review aims to elucidate the significance of inductive 
coupling in antenna engineering and its implications for achieving optimal performance in 
modern wireless communication systems.
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Introduction to Inductive Coupling in Antenna Design

Inductive coupling refers to the transfer of 
electromagnetic energy between two or more closely 
spaced conductors or circuits through mutual induction. 
In antenna design, inductive coupling is utilized to 
achieve various objectives, such as impedance matching, 
bandwidth enhancement, beamforming, and spatial 
diversity. Inductive coupling enables antennas to interact 
with each other, nearby objects, or the surrounding 
environment, resulting in improved performance, 
efficiency, and functionality in wireless communication 
systems.[1-9] Inductive coupling is a fundamental concept 
in antenna design, playing a crucial role in enabling 
wireless power transfer, data communication, and 
proximity sensing in various applications. It involves the 
transfer of electromagnetic energy between two closely 
spaced coils or conductors through mutual inductance as 
shown in Fig. 1.

Fig. 1: Inductive coupling from a ferrite-cored antenna

In antenna design, inductive coupling is commonly 
used in several configurations, including near-field 
communication (NFC) antennas, wireless charging coils, 
and RFID systems. These antennas typically consist of 
two coils: a transmitter coil and a receiver coil, which 
are placed in close proximity to each other.[10-23] When an 
alternating current (AC) is applied to the transmitter coil, 
it generates a time-varying magnetic field around it. This 
magnetic field induces an electromotive force (EMF) in 
the nearby receiver coil through mutual inductance. The 
induced EMF in the receiver coil can be used to power 
electronic devices, transfer data, or trigger a response, 
depending on the application.

One of the key advantages of inductive coupling in 
antenna design is its ability to enable wireless power 
transfer over short distances without the need for 
physical contact between the transmitter and receiver 
coils. This makes it ideal for applications such as wireless 
charging pads for smartphones, smartwatches, and other 
portable devices.[24-35] Moreover, inductive coupling is 
also utilized in RFID systems for data communication and 
proximity sensing. In RFID systems, an RFID tag containing 
a receiver coil is energized by the electromagnetic field 
generated by an RFID reader antenna. The tag responds 
by modulating the field and transmitting data back to the 
reader, enabling contactless identification and tracking 
of objectsas shown in Fig. 2.
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Fig. 2: Design of a Fully Integrated Inductive  
Coupling System

Overall, inductive coupling is a versatile and essential 
technique in antenna design, enabling efficient 
wireless power transfer, data communication, and 
proximity sensing in various applications. Its ability to 
enable contactless operation and transfer energy and 
information over short distances makes it a key enabler 
for many wireless technologies.[36-43]

Fundamentals of Inductive Coupling:

 � -Principle of Mutual Induction:Inductive coupling 
relies on the principle of mutual induction, where 
changes in the magnetic field generated by one 
conductor induce voltage or current in an adjacent 
conductor.[44-51] The strength of the coupling 
between two conductors depends on factors such 
as their proximity, orientation, geometry, and 
relative permittivity of the surrounding medium.
Mutual induction is a fundamental principle in 
electromagnetism that describes the phenomenon 
where a changing magnetic field generated by one 
coil induces an electromotive force (EMF) in another 
nearby coil. This process occurs due to the interaction 
of magnetic fields between the coils and is the basis 
for various applications in electrical engineering, 
including transformers, inductive sensors, and 
wireless power transfer systemsas shown in Fig. 3.

 Inductive Coupling

The principle of mutual induction can be understood 
through Faraday’s law of electromagnetic induction, 
which states that a changing magnetic field induces an 
EMF in a closed circuit. When a time-varying current 
flows through the primary coil, it produces a changing 
magnetic field around it. This changing magnetic field 
then interacts with the turns of wire in the secondary 
coil, inducing a voltage across its terminals.

The amount of voltage induced in the secondary coil 
depends on factors such as the number of turns in the 
coil, the rate of change of the magnetic field, and the 
relative orientation and distance between the coils. 
By controlling these parameters, engineers can design 
systems that efficiently transfer energy or information 
wirelessly between coils, enabling various practical 
applications in electrical and electronic devices.

 � Coupling Mechanisms:Inductive coupling can occur 
through various mechanisms, including magnetic 
coupling, electric coupling, and electromagnetic 
coupling. Magnetic coupling involves the interaction 
of magnetic fields between conductors, while 
electric coupling involves the interaction of electric 
fields. Electromagnetic coupling encompasses both 
magnetic and electric field interactions, leading to 
complex coupling phenomena in antenna systems.
Coupling mechanisms refer to the ways in which 
electromagnetic energy or signals are transferred 
between two or more components in a system. 
These mechanisms are fundamental in various 
fields of electrical engineering, including antenna 
design, wireless communication, and power transfer 
systemsas shown in Fig. 4.

One common coupling mechanism is inductive coupling, 
where electromagnetic energy is transferred between 
coils or conductors through mutual inductance. This 
mechanism is widely used in applications such as 
wireless power transfer, RFID systems, and near-field 
communication.

Fig. 4: WPT, Recent Techniques for Improving  
System Efficiency
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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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Another coupling mechanism is capacitive coupling, 
where energy is transferred between components 
through electric fields. Capacitive coupling is commonly 
used in applications such as capacitive touchscreens, 
where changes in capacitance are detected to register 
touch inputs.

Additionally, electromagnetic coupling mechanisms can 
be categorized as far-field or near-field, depending on 
the distance between the transmitting and receiving 
components. Far-field coupling involves radiation 
of electromagnetic waves, while near-field coupling 
involves direct interaction between components without 
radiation.

Other coupling mechanisms include magnetic resonance 
oupling, acoustic coupling, and optical coupling, 
each with its unique characteristics and applications. 
Understanding these coupling mechanisms is essential 
for designing efficient and reliable systems for wireless 
communication, power transfer, sensing, and other 
applications in electrical engineering.

 � Coupling Coefficient:The coupling coefficient 
quantifies the strength of inductive coupling between 
two conductors and is defined as the ratio of the 
mutual inductance to the square root of the product 
of the self-inductances of the two conductors. The 
coupling coefficient determines the efficiency of 
energy transfer, impedance matching, and signal 
transmission in coupled antenna systems.The 
coupling coefficient is a measure of the strength of 
the coupling between two components in a system, 
particularly in the context of mutual inductance 
between coils or conductors. It quantifies the extent 
to which changes in one component affect the 
other, providing valuable insight into the efficiency 
and performance of coupled systemsas shown  
in Fig. 5.

In the context of inductive coupling, the coupling 
coefficient (often denoted as k) represents the fraction 
of the magnetic flux generated by one coil that links 
with the other coil. It is a dimensionless quantity that 
ranges from 0 to 1, where a coefficient of 0 indicates no 
coupling (i.e., no mutual inductance), and a coefficient 
of 1 indicates perfect coupling (i.e., maximum mutual 
inductance).

The coupling coefficient depends on factors such as 
the geometry and orientation of the coils, the distance 
between them, and the permeability of the surrounding 
medium. Higher coupling coefficients indicate stronger 
coupling and more efficient energy transfer between the 
coils.

The coupling coefficient is an important parameter in 
the design and analysis of coupled systems, as it directly 
affects their performance characteristics, including 
power transfer efficiency, bandwidth, and frequency 
response. Engineers can optimize the coupling coefficient 
to achieve desired system performance and meet specific 
design requirements in various applications, such as 
wireless power transfer, communication systems, and 
sensor networks.

Applications of Inductive Coupling in Antenna Design:

Inductive coupling finds diverse applications in antenna 
design, enabling various functionalities and performance 
enhancementsas shown in Fig. 6:

 � Impedance Matching:Inductive coupling is used to 
achieve impedance matching between antennas 
and transmission lines or between antenna 
elements in array configurations. By adjusting the 

Fig. 5: Near field wireless power antennas design 
using evolutionary Fig. 6 : Compact Near-Field Coupled Hybrid Antenna
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coupling strength and phase relationship between 
coupled elements, impedance matching can be 
optimized to maximize power transfer and minimize 
reflection losses, resulting in improved efficiency 
and performance.Impedance matching is a crucial 
concept in antenna design and RF engineering, 
aimed at maximizing the power transfer efficiency 
between components in a system. It ensures that the 
impedance of the source (such as a transmitter or an 
amplifier) matches the impedance of the load (such 
as an antenna or a transmission line), minimizing 
reflections and optimizing power transfer.

In antenna design, impedance matching is essential 
for achieving efficient energy transfer between the 
transmitter and the antenna, ensuring that the maximum 
amount of power is radiated into space. Mismatched 
impedance can lead to signal reflections, resulting in 
reduced signal strength, increased losses, and degraded 
system performance.

Various techniques are employed to achieve impedance 
matching in antenna systems, including the use of 
matching networks, transmission lines, and impedance 
transformers. Matching networks, such as baluns, 
quarter-wave transformers, and L-section circuits, are 
commonly used to adjust the impedance of the antenna 
to match that of the transmitter or transmission lineas 
shown in Fig. 7.

Impedance matching plays a crucial role in optimizing 
the performance of RF circuits, communication systems, 
and electronic devices, ensuring efficient power transfer 
and maximizing signal integrity. By carefully designing 
and implementing impedance matching networks, 
engineers can enhance the efficiency, reliability, and 
performance of antenna systems and RF circuits in 
various applications.

 � Bandwidth Enhancement:Inductive coupling can be 
employed to broaden the impedance bandwidth of 
antennas, enabling operation over a wider range 
of frequencies. By introducing coupling between 
antenna elements or between the antenna and its 
surroundings, the effective electrical size of the 
antenna can be increased, leading to enhanced 
bandwidth and improved frequency response.
Bandwidth enhancement is a critical aspect of 
antenna design aimed at expanding the range of 
frequencies over which an antenna can efficiently 
transmit or receive signals. A broader bandwidth 
enables the antenna to support a wider range of 
communication protocols, increase data rates, and 
improve system performance in various applications.

There are several techniques used to enhance the 
bandwidth of antennas. One common approach is 
to employ multi-resonant structures or incorporate 
multiple resonant modes within the antenna design. 
By optimizing the geometry and configuration of the 
antenna elements, engineers can exploit additional 
resonances to extend the operating frequency range.

Another technique involves using impedance matching 
networks to minimize reflections and improve the 
antenna’s impedance bandwidth. Matching networks 
adjust the impedance of the antenna to match that of 
the feedline or the surrounding environment, ensuring 
efficient power transfer across a broader range of 
frequencies.

Furthermore, innovative materials with unique 
electromagnetic properties can contribute to bandwidth 
enhancement. Metamaterials and engineered dielectrics, 
for example, can be used to manipulate electromagnetic 
waves, allowing for broader bandwidths and improved 
antenna performance.

Fig. 7: Coupling Mechanism for CSRRs as Near-Field Dielectric Sensors
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OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Additionally, advanced feeding techniques such as 
aperture coupling, microstrip feedlines, or proximity 
coupling can help enhance the bandwidth of antennas. 
These feeding mechanisms enable efficient power 
transfer and radiation across a wider frequency range, 
resulting in increased bandwidth and improved antenna 
performance overall.

 � Beamforming and Directional Antennas:Inductive 
coupling enables the formation of phased arrays 
and beamforming networks, where the phase and 
amplitude of signals are controlled to steer the 
radiation pattern in desired directions. By adjusting 
the coupling coefficients and phase shifts between 
array elements, beamforming antennas can achieve 
directional radiation patterns, beam steering, and 
spatial diversity, enhancing communication range, 
coverage, and capacity.Beamforming is a signal 
processing technique used in directional antennas 
to focus electromagnetic energy into a specific 
direction, enhancing communication performance 
and efficiency. Unlike omnidirectional antennas, 
which radiate energy uniformly in all directions, 
directional antennas concentrate energy in a narrow 
beam, enabling longer range and higher signal 
strength in the desired directionas shown in Fig. 8.

Directional antennas achieve beamforming through the 
manipulation of phase and amplitude of signals across 
multiple antenna elements. By adjusting the phase and 
amplitude of signals emitted by each antenna element, 
the antenna system can steer the main lobe of the 
radiation pattern towards the intended target, while 
suppressing interference from other directions.

Beamforming offers several advantages in wireless 
communication systems. It improves signal-to-noise ratio, 
increases coverage range, and enhances communication 
reliability, particularly in environments with high 
interference or noise levels. Beamforming also enables 
spatial multiplexing, allowing multiple data streams to 

be transmitted simultaneously over the same frequency 
band, increasing data throughput and network capacity.

Directional antennas and beamforming techniques are 
widely used in various applications, including cellular 
networks, Wi-Fi routers, radar systems, satellite 
communication, and wireless backhaul links. They play 
a critical role in improving the performance, reliability, 
and efficiency of wireless communication systems, 
enabling seamless connectivity and high-speed data 
transmission in diverse environments.

 � Spatial Diversity and MIMO Systems:Inductive 
coupling facilitates spatial diversity and multiple-
input multiple-output (MIMO) communication 
systems, where multiple antennas are used to 
transmit and receive signals simultaneously. 
By exploiting the spatial diversity provided by 
inductive coupling, MIMO systems can improve 
channel capacity, mitigate fading effects, and 
enhance communication reliability in multipath 
environments.Spatial diversity and Multiple Input 
Multiple Output (MIMO) systems are techniques used 
to enhance the reliability and capacity of wireless 
communication systems by exploiting the spatial 
dimension of the radio channel. 

Spatial diversity involves the use of multiple antennas 
at the transmitter and/or receiver to combat fading and 
improve signal reliability. By exploiting the independent 
fading characteristics of different propagation paths, 
spatial diversity helps mitigate the effects of multipath 
fading, shadowing, and other channel impairments. This 
results in increased signal diversity and improves the 
overall reliability of the communication linkas shown in 
Fig. 9.

MIMO systems take spatial diversity to the next level 
by using multiple antennas at both the transmitter 

Fig. 8: Inductive Versus Resonant Wireless Charging Fig. 9: ILeakage Inductance
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high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
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 
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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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and receiver to create multiple spatial channels 
simultaneously. MIMO systems exploit the spatial 
dimension of the radio channel to increase spectral 
efficiency and data throughput by transmitting multiple 
data streams in parallel over the same frequency band. 
By leveraging the spatial diversity offered by multiple 
antennas, MIMO systems can significantly improve 
communication performance, increase data rates, and 
enhance system capacity.

Spatial diversity and MIMO techniques are widely deployed 
in modern wireless communication standards such as 
Wi-Fi, LTE, and 5G to improve coverage, reliability, and 
data throughput in various environments. They play a 
crucial role in enabling high-speed data transmission, 
seamless connectivity, and robust communication in 
diverse wireless networks.

Design Considerations for Inductive Coupling in 
Antennas

Designing antennas with inductive coupling involves 
careful consideration of various factors, including:

 � Geometry and Configuration:The geometry and 
configuration of the coupled antenna elements, 
such as spacing, orientation, and arrangement, 
determine the strength and characteristics of 
inductive coupling. Optimizing the geometry and 
configuration enables precise control over the 
coupling coefficient, impedance matching, and 
radiation properties of the antenna system.

 � Frequency and Bandwidth:The frequency of 
operation and desired bandwidth dictate the 
design requirements and parameters of the 
coupled antenna system. Inductive coupling can be 
tailored to specific frequency bands and bandwidth 
requirements by adjusting the physical dimensions, 
electrical properties, and coupling mechanisms of 
the antenna elementsas shown in Fig. 10.

 � Coupling Mechanisms:Different coupling mechanisms, 
such as magnetic coupling, electric coupling, 
and electromagnetic coupling, exhibit distinct 
characteristics and effects on antenna performance. 
Selecting the appropriate coupling mechanism 
depends on the application requirements, operating 
conditions, and desired performance metrics of the 
antenna system.

 � -Coupling Techniques:Various coupling techniques, 
such as series coupling, parallel coupling, mutual 
coupling, and capacitive coupling, can be employed 
to achieve desired performance objectives in 
antenna design. Each coupling technique offers 

advantages and trade-offs in terms of coupling 
strength, bandwidth, radiation efficiency, and 
complexity, requiring careful consideration during 
the design process.

Evaluation Techniques for Inductive Coupling  
in Antennas

Evaluating the performance of antennas with inductive 
oupling involves experimental measurements, numerical 
simulations, and theoretical analysis:

 � S-parameter Measurements:S-parameter 
measurements, such as return loss, insertion loss, 
and scattering parameters, are used to characterize 
the impedance matching, coupling coefficient, and 
transmission characteristics of coupled antenna 
systems. S-parameter measurements provide 
insights into the behavior and performance of the 
antenna system under different operating conditions 
and configurations.

 � Near-Field and Far-Field Analysis:Near-field and 
far-field analysis techniques, such as near-field 
scanning, radiation pattern measurement, and 
electromagnetic simulation, are employed to study 
the electromagnetic field distribution, radiation 
properties, and coupling effects of antennas with 
inductive coupling. Near-field analysis provides 
detailed information about the spatial distribution of 
electromagnetic fields near the antenna, while far-
field analysis evaluates the radiation characteristics 
and performance of the antenna in the far-field 
regionas shown in Fig. 11.

 � Parametric Studies and Optimization:Parametric 
studies and optimization techniques, such as design 

Fig. 10: Self-isolated MIMO antenna using  
mixed coupling
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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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plant leaves, or animal horns, biologically-inspired 
antennas can achieve enhanced performance, 
efficiency, and adaptability in dynamic and 
challenging environments.

 � Quantum and Quantum-Inspired Antennas:Quantum 
technologies, such as quantum entanglement, 
quantum coherence, and quantum superposition, 
hold promise for revolutionizing antenna design and 
communication systems. Quantum-inspired antennas 
leverage quantum principles and phenomena to 
achieve secure, high-speed communication, and ultra-
sensitive sensing capabilities, enabling applications 
such as quantum communication networks, quantum 
cryptography, and quantum radar.

Conclusion

In conclusion, inductive coupling plays a fundamental 
role in antenna design, enabling efficient energy transfer, 
impedance matching, and radiation pattern control 
in wireless communication systems. By harnessing 
the principles of mutual induction, electromagnetic 
fields, and coupling mechanisms, engineers can design 
antennas with enhanced performance, functionality, and 
versatility for diverse applications and environments. As 
wireless technologies continue to evolve and expand, 
inductive coupling will remain a critical aspect of antenna 
engineering, 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 inductive coupling and shape the future of 
wireless communication systems and beyond.

of experiments (DOE), sensitivity analysis, and 
numerical optimization algorithms, are utilized 
to explore the design space, identify critical 
parameters, and optimize the performance of coupled 
antenna systems. Parametric studies enable engineers 
to assess the impact of design parameters on antenna 
performance and identify optimal configurations for 
specific applications.

Future Directions and Emerging Trends

The field of inductive coupling in antenna design is 
poised for continued growth and innovation, with several 
emerging trends and future directions:

 � Metamaterials and Nanostructures:Metamaterials 
and nanostructures offer unprecedented control over 
electromagnetic waves and coupling effects, enabling 
novel antenna designs with enhanced performance, 
miniaturization, and functionality. Metamaterial-
inspired antennas leverage engineered materials 
and structures to achieve unique electromagnetic 
properties, such as negative refractive index, 
dispersion engineering, and enhanced coupling 
effects.

 � Integrated and Multifunctional Antennas:Integrated 
and multifunctional antennas combine multiple 
antenna functionalities, such as communication, 
sensing, and energy harvesting, into a single compact 
platform. By integrating inductive coupling with 
other antenna technologies, such as metamaterials, 
phased arrays, and reconfigurable structures, 
integrated antennas offer enhanced capabilities and 
versatility for applications such as smart cities, IoT 
networks, and wireless sensor systemsas shown in 
Fig. 12.

 � Biologically-Inspired Antennas:Biologically-inspired 
antennas draw inspiration from natural systems and 
organisms to design antennas with adaptive, self-
configurable, and resilient properties. By mimicking 
biological structures, such as insect antennas, 

Fig. 11: Gap coupled symmetric split ring resonator 
based near zero index

Fig. 11: Ultra-wideband planar patch antenna array
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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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