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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

In the fast-paced world of wireless communication, the race for faster, more efficient 
networks never ceases. As we witness the dawn of 5G technology, researchers and engineers 
are already looking towards the horizon, envisioning the next frontier: 6G. At the heart 
of this future lies the key component of antenna design, poised to unlock unprecedented 
speeds, ultra-low latency, and transformative connectivity. In this article, we delve into 
the realm of 6G antenna design, exploring its potential, challenges, and implications for 
the future of wireless communication.
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Anticipating the Transition to 6G

While 5G networks are still in the process of global 
deployment, the groundwork for 6G is already being 
laid. Anticipation for the next generation of wireless 
technology stems from the growing demand for even 
higher data rates, ubiquitous connectivity, and seamless 
integration of emerging technologies such as AI, IoT, 
and edge computing. 6G promises to deliver data 
speeds hundreds of times faster than 5G, enabling a 
plethora of innovative applications and services that 
were once unimaginable.[1-24] As the telecommunications 
industry continues to evolve, anticipation for the next 
generation of wireless technology, often referred to 
as 6G, is growing. 6G networks are expected to offer 
unprecedented speed, capacity, and reliability, enabling 
revolutionary advancements in various sectors such as 
healthcare, transportation, and smart cities. Key to 
the realization of 6G networks are advanced antennas 
capable of supporting the massive data rates and diverse 
use cases envisioned for this future technology.[25]

6G antennas are anticipated to operate across a wide 
spectrum of frequencies, including millimeter-wave and 
terahertz bands, to achieve ultra-high data rates and low 
latency. These antennas will likely leverage advanced 
beamforming and MIMO (Multiple Input Multiple Output) 
techniques to enhance spectral efficiency and network 
capacity.[26-31] Additionally, 6G antennas may incorporate 

intelligent algorithms and machine learning algorithms 
to dynamically adapt to changing network conditions 
and user requirements as in Fig. 1.

Furthermore, 6G antennas are expected to support 
new communication paradigms such as holographic 
beamforming and non-terrestrial networks (NTNs), 
including satellite-based communication systems and 
stratospheric platforms. These innovations could extend 
connectivity to underserved areas and enable ubiquitous 

Fig. 1: Antenna Design for 4G and Sub-6G
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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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coverage across urban and rural regions.[32-39] In addition 
to performance enhancements, 6G antennas will need 
to address challenges related to energy efficiency, 
interference mitigation, and coexistence with existing 
wireless technologies. Research efforts are focused on 
developing novel antenna materials, structures, and 
architectures to optimize performance while minimizing 
size, weight, and power consumption.

Overall, 6G antennas represent a critical component 
of future wireless networks, facilitating transformative 
advancements in connectivity, automation, and 
digitalization. Continued research and development in 
antenna technology are essential to realizing the full 
potential of 6G networks and unlocking new opportunities 
for innovation and socioeconomic growth in the decades 
to come.[40-45]

Key Considerations in 6G Antenna Design:

The design of antennas for 6G networks requires 
careful consideration of several key factors to meet 
the demanding requirements of this next-generation 
technology [46]-[49]. Some key considerations in 6G 
antenna design includeas in Fig. 2:

1. Frequency Range

6G networks are expected to operate across a wide 
spectrum of frequencies, including millimeter-wave and 
terahertz bands. Antennas must be designed to support 
these high-frequency bands while ensuring efficient 
radiation and minimal signal loss.

2. Beamforming and MIMO 

Advanced beamforming and MIMO techniques are 
essential for achieving high data rates and spectral 

Fig. 2: Sub-6 GHz antenna design for 6G network

efficiency in 6G networks. Antennas must be capable 
of forming multiple beams and supporting massive 
MIMO configurations to maximize network capacity and 
coverage.

3. Compact Size

With the proliferation of IoT devices and wearables, 
compact and low-profile antennas are essential for 
integration into small form-factor devices. Antenna 
miniaturization techniques, such as metamaterials and 
fractal geometries, can help achieve compact designs 
without compromising performance.

4. Energy Efficiency 

Energy efficiency is crucial for prolonging battery life in 
wireless devices and reducing overall power consumption 
in 6G networks. Antennas should be designed to minimize 
energy losses and optimize radiation efficiency to 
maximize network performance while conserving energy 
resources.

5. Interference Mitigation

With the increasing density of wireless networks, 
interference mitigation becomes a significant challenge 
in 6G antenna design. Antennas must employ advanced 
interference cancellation techniques and adaptive 
algorithms to mitigate co-channel interference 
and ensure reliable communication in congested 
environmentsas in Fig. 3.

Overall, successful 6G antenna design requires a holistic 
approach that considers frequency range, beamforming 
capabilities, compactness, energy efficiency, and 
interference mitigation to meet the diverse and 
demanding requirements of future wireless networks.[50-56]

As we look towards the future of 6G, antenna design 
plays a pivotal role in realizing the full potential of this 
revolutionary technology. Several key considerations will 
shape the design of 6G antennas:

Fig. 3: Co-Design Method and Wafer-Level  
Packaging Technique
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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 
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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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1. Millimeter-Wave and Terahertz Frequencies 

6G is expected to operate at millimeter-wave (mmWave) 
and even terahertz (THz) frequencies, enabling ultra-
wide bandwidths and significantly higher data rates. 
Antenna designs must accommodate these higher 
frequencies while mitigating propagation challenges 
such as path loss, atmospheric absorption, and signal 
attenuation.

2. Massive MIMO and Beamforming

Building upon the principles of MIMO technology, 6G 
antennas are likely to incorporate massive MIMO arrays 
and advanced beamforming techniques to achieve 
spatial multiplexing, interference suppression, and 
improved spectral efficiency. These antennas will enable 
simultaneous communication with multiple users and 
devices, enhancing network capacity and coverage.

3. Smart Antenna Technologies

Smart antenna technologies, including phased arrays, 
adaptive beamforming, and dynamic spectrum access, 
will play a crucial role in 6G antenna design. These 
technologies enable dynamic adaptation to changing 
propagation conditions, interference environments, 
and user requirements, optimizing performance and 
reliability in real-time.

4. Integrated Sensing and Communication

In addition to traditional communication functions, 
6G antennas may integrate sensing capabilities for 
applications such as remote sensing, environmental 
monitoring, and healthcare. These multifunctional 
antennas leverage the synergy between communication 
and sensing modalities, enabling new paradigms of 
connectivity and interaction.[57]

Applications and Implications of 6G Antennas:

The potential applications of 6G antennas are vast and diverse, 
spanning various industries and domainsas in Fig. 4:

Ultra-High-Speed Data Transmission: 6G antennas will 
enable unprecedented data rates, facilitating immersive 

multimedia experiences, real-time gaming, 8K streaming, 
and virtual/augmented reality applications with minimal 
latency.[57-61]

Ultra-high-speed data transmission is one of the defining 
features of 6G networks, enabling unprecedented 
levels of connectivity and performance. With data 
rates expected to reach several terabits per second, 
6G networks will revolutionize how information is 
transmitted, processed, and utilized across various 
industries and applications.

To achieve ultra-high-speed data transmission in 6G 
networks, several key technologies and techniques will 
be employed. These include:

1. Advanced Modulation Schemes 

6G networks will leverage advanced modulation 
schemes, such as quadrature amplitude modulation 
(QAM) and orthogonal frequency-division multiplexing 
(OFDM), to increase spectral efficiency and maximize 
data throughput.[62-69]

2. Millimeter-Wave and Terahertz Frequencies 

6G networks will operate in millimeter-wave and 
terahertz frequency bands, which offer significantly 
higher bandwidth compared to traditional microwave 
frequencies. This allows for the transmission of large 
amounts of data at ultra-high speedsas in Fig. 5.

3. Massive MIMO

Massive multiple-input multiple-output (MIMO) 
technology will be employed to enhance spatial 
multiplexing and improve spectral efficiency. By using 
large arrays of antennas, 6G networks can support 
simultaneous transmission to multiple users, increasing 
overall network capacity and data rates.[70-72]

Fig. 4: Spatial dimensions of a slot antenna Fig. 5: Millimeter-Wave 5G and WLAN Antennas
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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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4. Beamforming:

Beamforming techniques will be utilized to focus 
radio signals in specific directions, enabling targeted 
communication and reducing interference. This allows 
for more efficient use of available spectrum and higher 
data transmission speeds.

Overall, ultra-high-speed data transmission in 6G 
networks will enable a wide range of innovative 
applications, including immersive virtual reality, real-
time artificial intelligence, and high-definition video 
streaming, paving the way for a more connected and 
data-driven future.

Internet of Things (IoT) and Smart Cities: 6G antennas 
will provide robust connectivity for IoT devices, enabling 
seamless integration of smart sensors, actuators, and 
infrastructure in smart cities, industrial automation, and 
intelligent transportation systems.

In the era of 6G networks, the Internet of Things (IoT) and 
smart cities will undergo transformative advancements, 
revolutionizing urban infrastructure and services. With 
ultra-high-speed data transmission, low latency, and 
massive connectivity, 6G networks will enable seamless 
integration and communication among billions of IoT 
devices deployed throughout citiesas in Fig. 6.

In smart cities powered by 6G, IoT devices will be 
ubiquitous, embedded in various urban systems such as 
transportation, energy, healthcare, and public safety. 
These devices will collect real-time data on environmental 
conditions, traffic flow, energy consumption, and more, 

allowing for proactive decision-making and optimization 
of city operations.

6G networks will facilitate advanced IoT applications, 
such as autonomous vehicles, smart grids, intelligent 
healthcare systems, and environmental monitoring. With 
ultra-low latency communication and edge computing 
capabilities, 6G-enabled IoT devices will be able to 
process and respond to data in real-time, enabling faster 
and more efficient services.

Furthermore, 6G networks will support the development 
of autonomous infrastructure, where IoT devices can self-
manage and adapt to changing conditions autonomously. 
This will lead to greater efficiency, resilience, and 
sustainability in smart cities, enhancing the quality of 
life for residents and fostering economic growth and 
innovation. Overall, the convergence of 6G networks 
and IoT technologies will unlock new opportunities for 
building smarter, more connected, and sustainable cities 
of the future.

Edge Computing and Distributed AI: 6G antennas 
will support edge computing architectures, enabling 
distributed processing and analysis of data at the network 
edge. This decentralized approach reduces latency, 
enhances privacy, and enables real-time decision-making 
for AI-driven applications.

Edge computing and distributed artificial intelligence (AI) 
will play a pivotal role in the evolution of 6G networks, 
enabling real-time processing, analysis, and decision-
making at the network edge. With ultra-high-speed data 
transmission and low latency, 6G networks will support 

Fig. 6: mmWave Antenna-in-Package Design With RFICs
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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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Moreover, distributed AI in 6G networks will support 
federated learning and collaborative intelligence, 
enabling devices to share insights and knowledge while 
preserving data privacy and security. This approach will 
facilitate the development of personalized services, 
context-aware applications, and adaptive systems 
tailored to individual user preferences and needs.

Overall, edge computing and distributed AI will drive 
innovation and enable new use cases in 6G networks, 
fostering a more intelligent, responsive, and autonomous 
communication infrastructure.

Wireless Healthcare and Remote Surgery: 6G antennas 
will enable high-speed, low-latency communication for 
remote healthcare applications, including telemedicine, 
remote surgery, and patient monitoring. These 
applications require reliable connectivity and real-time 
data transmission for critical healthcare services.[11]

In the realm of 6G networks, the intersection of wireless 
healthcare and remote surgery holds tremendous 
promise for revolutionizing medical practice and 
patient care. With ultra-high-speed data transmission, 
low latency, and reliability, 6G networks will enable 
innovative healthcare applications that were previously 
unimaginable.

Wireless healthcare solutions powered by 6G will facilitate 
remote patient monitoring, enabling continuous and 
real-time tracking of vital signs, medication adherence, 
and disease progression. Wearable sensors and smart 
medical devices will seamlessly transmit data to 
healthcare providers, allowing for proactive intervention 
and personalized treatment plansas in Fig. 9.

the deployment of edge computing infrastructure closer 
to end-users, devices, and IoT endpointsas in Fig. 7.

In 6G networks, edge computing will empower devices 
and sensors to perform localized data processing and 
analytics, reducing latency and bandwidth consumption. 
This distributed computing paradigm will enable 
faster response times and enable applications such as 
autonomous vehicles, augmented reality, and industrial 
automation to operate seamlessly in real-time.[18]

Distributed AI algorithms will be integrated into edge 
computing nodes, allowing for intelligent decision-
making and predictive analytics at the network edge. 
These AI algorithms will enable autonomous devices and 
IoT endpoints to analyze data locally, adapt to changing 
conditions, and make decisions without relying on 
centralized cloud resourcesas in Fig. 8.

Fig. 7: View of High Performance Antenna Array for 
5th Generation Wireless Communication

Fig. 8: Compact Design Method for Planar Antennas
Fig. 9: fractal antennae with ground-defected 

structure for expected 6G
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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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Moreover, 6G networks will enable the implementation 
of remote surgery and telesurgery, where surgeons 
can perform procedures on patients located in 
different geographic locations. With ultra-low latency 
communication and high-definition video streaming 
capabilities, surgeons will be able to remotely control 
robotic surgical systems with precision and accuracy, 
delivering expert care to patients in remote or 
underserved areas [34].Furthermore, 6G networks will 
support augmented reality (AR) and virtual reality (VR) 
technologies, allowing for immersive training simulations 
and teleconsultations between healthcare professionals. 
These advancements will enhance medical education, 
collaboration, and decision-making, ultimately improving 
patient outcomes and reducing healthcare disparities.
Overall, wireless healthcare and remote surgery in 6G 
networks will transform the delivery of medical services, 
making healthcare more accessible, efficient, and 
personalized for patients worldwide.

Challenges and Future Directions

Despite the promise of 6G technology, several challenges 
must be addressed to realize its full potential:

 � Propagation Challenges: Higher frequencies used in 
6G networks pose challenges such as increased path 
loss, atmospheric absorption, and susceptibility to 
weather conditions. Antenna designs must mitigate 
these propagation challenges to ensure reliable 
communication and coverage.

 � Power Consumption: Advanced antenna technologies 
and massive MIMO arrays may require significant 
power consumption, impacting device battery life 
and overall energy efficiency. Optimizing antenna 
designs for low power consumption is essential for 
sustainable operation in 6G networks.

 � Interference Management: As the number of 
connected devices increases, managing interference 
becomes critical to maintain network performance 
and reliability. Advanced beamforming and 
interference suppression techniques must be 
employed to mitigate interference and improve 
spectral efficiency.

Conclusions

Looking ahead, the future of 6G antenna design holds 
tremendous promise for revolutionizing wireless 
communication and enabling transformative applications 
and services. As researchers, engineers, and innovators 
continue to push the boundaries of technology, the 
development of advanced antenna designs will be 
instrumental in shaping the next generation of wireless 

networks and ushering in a new era of connectivity and 
innovation. In conclusion, the advent of 6G networks 
heralds a new era of connectivity, innovation, and 
transformative technological advancements. With 
ultra-high-speed data transmission, low latency, 
and massive connectivity, 6G networks will enable 
a plethora of applications and services that were 
previously inconceivable. From ultra-high-definition 
video streaming to autonomous vehicles and remote 
surgery, 6G will reshape industries, enhance quality 
of life, and drive economic growth. As research and 
development efforts continue to push the boundaries of 
wireless communication technology, the full potential 
of 6G networks is poised to unlock new opportunities 
and possibilities, shaping the future of connectivity in 
profound ways.
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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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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 
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