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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

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

As the component mainly responsible for shaping the air interface, an antenna is 
fundamental to any communication system. Rapid advancements in wireless technology 
from 1G to 6G have necessitated adjustments in both technology and network capacity 
to keep up with surging consumer demand. Antenna designers have made tremendous 
technical strides in response to these ever-increasing demands. The sixth-generation (6G) 
antennas discussed in this chapter operate at sub-6 GHz and millimeter-wave frequencies. 
This paper proposed 6G Broadband Antennas (6G-BA) for Future Communication Networks. 
Antenna arrays, beam-steering methods, Meta surfaces, and multiple-input, multiple-
output (MIMO) technologies are all part of the plan for future and present rapid connection. 
In addition, the document included the topics of design requirements, research directions, 
technologies to be used, and challenges that may arise while creating, constructing, and 
testing sixth-generation (6G) antennas in the THz band. The appropriate technological 
solutions for antenna-in-package (AiP) and antenna-on-chip (AoC) technologies were also 
covered.
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Introduction

Worldwide 5G wireless communication networks are 
expected to be planned by 2020. Among the primary 
opportunities for communication offered by 5G are 
improved wireless broadband, enormous machine-type 
connections, and a final remote regional looping link. 
Among its notable features are a duration of 1 ms, a 
highest possible data rate of 20 Gbps, a user-experienced 
communication rate of 0.1 Gbps, an average connection 
bandwidth of 10 Mbps/m², energy utilization that is 100 
times better than 4G, and bandwidth utilization that 
is significantly improved.[1-2] The network supports 500 
km/h. Several major technologies, including mmWave, 
MIMO, and UDN, have been suggested to accomplish 
5G. In 2030 and beyond, 5G will not fulfill our needs. 
Researchers are focusing on future 6G wireless 
communication networks. A key element of 5G is its low 
latency, or predictable latency. Deterministic networking, 
or DetNet, is needed for future use cases that need 
exact and timely end-to-end latency.[3-4,23] 6G will need 
much more precise timing and phase synchronization 

than 5G. To fulfill use cases, 6G will also need to provide 
near-universal coverage, pinpoint precision to within a 
centimeter, and a pace of milliseconds for geo-location 
updates. Some applications, like autonomous cars, are 
hindered since 5G networks are currently only available 
in certain typical settings. This means that rural regions, 
highways, and villages are not fully served.[5-6, 24]  
To ensure that services are available everywhere at 
all times at a low cost, it is necessary to supplement 
terrestrial networks with non-terrestrial ones, 
namely satellite communication networks. For quick 
responses in challenging and hazardous conditions, a 
UAV communication network is crucial. Ships can’t get 
reliable communication services without a maritime 
communication network. High-definition 3D video, VR, 
and VR/AR hybrids need Tbps data transport, which optical 
frequency bands or THz may provide.[7-8, 25] 5G service at 
Gbps is achievable with mmWave. 6G networks, together 
with AI and ML, will pave the way for next-gen intelligent 
apps to handle massive amounts of data originating from 
various networks, communication scenarios, devices, 
frequencies, and service specifications. Automation may 
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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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increase network energy efficiency, security, QoS, and 
QoE. Video and streaming used most network traffic 
until 5G.+

Wireless networked control of robotic things is one of 
the most fascinating new uses of cellular technology, 
which brings both benefits and risks. 5G tactile 
Internet applications educate us about this, among 
other uses and requirements. Automated driving and 
logistics in manufacturing are examples of such uses. 
Many mobile objects need to communicate sensor and 
control information when assessing the network traffic 
these applications create, which strains a centralized 
control system. Research is now focusing on AI-powered 
distributed control systems instead. Federated learning 
is an intriguing approach; it entails sending dataset 
correlation algorithms to mobile robotic items and 
then combining their cloud-based learning with other 
methods. Curiously, this gives rise to a whole new 
category of network traffic, one with very different 
latency needs but high bandwidth requirements.[10, 11, 26, 27]  
As a result of these and related AI applications, 6G network 
traffic requirements are anticipated to be exceeded, if 
not entirely dominated. Undeveloped terrain makes it 
intriguing and difficult. Cost-, energy-, and spectrum-
efficient 6G wireless networks are expected. The 
intelligence will allow total automation, a higher data rate 
(TBS), ten times less latency, 100 times more connections, 
near-perfect coverage, millisecond-level time syn-
chroni zation, and centimeter-level localization.[12–13]  
Improved waveforms, multiple entry techniques, 
channelization techniques, multi-antenna innovations, 
and diversification strategies are necessary to attain 
great energy efficiency and spectrum utilization at the 
atmosphere interface and throughout transmission. 
These network topologies are necessary: SDN/NFV, 
CF, CSA, SBA, and variable network segmentation. 
Unfortunately, 5G implementation demonstrates that 
notarization is expensive, as this research reveals. 
Virtualized radio access networks (RANs) using domain-
specific processors instead of COTS servers utilize more 
energy, counterintuitive to sustainability. 5G networks 
use more power than 4G networks yet give more 
data. The opposite is true: new networks should not 
use more energy than existing ones. 6G will require a 
new computing paradigm to gain software advantages 
without energy costs.[14–15]

Main Objective,

• The initial goal of this paper is to determine the 
technologies that will be required to build future 
6G networks that can meet their performance 
indicators and requirements.

• Offering the 6G technical architecture’s 
constituent parts and the specifications for each.

• Architecting a future state for 6G applications 
and the resources they are going to require.

Here is the structure of the remaining portion of the paper: Part 
2 discusses the relevant literature. Section 3 then presents the 
planned broadband antennas. The experimental findings are 
presented in section 4, after the description of the suggested 
strategy. The last section, Section 5, presents the conclusion and 
discusses future work.

Research methodology

A 140 GHz squared antenna patch with an eWLB 
technologies three-element array was suggested by 
Akanksha Bhutani et al. in their work.[16] Both 50-ohm 
CPW feeds are linked via a single edge of the CPW squares 
patching component. Utilizing an electronic circuit 
that utilizes Rogers 4003C, the eWLB antennas array 
incorporates a neutral plane reflector with an inflatable 
grid array design. In the end, compared to an edge-
fed CPW patch antenna, the bandwidth of the planar 
superstrate antenna is many orders of magnitude greater. 
Results from electromagnetic models are compared to 
antenna characteristics using a measurement device 
based on a D-band probe.

The antenna proposed by Adnan Kantemur et al.[17] in 
cognitive radio systems (CRS) might autonomously 
cover 430 MHz to 5 GHz. An ultrawideband antenna that 
operates between 1 and 5 GHz is fastened to the first 
route. A DC-controlled varactor match network operating 
between 430 MHz and 1 GHz is used in the alternate 
route. Two switches allow you to move between the 
two zones: wideband (1-5 GHz) limited reconfiguration 
(430 MHz-1 GHz). At just sixty millimeters × one hundred 
millimeters in dimension, it is both easy to build and 
compact. The one-of-a-kind antenna developed for 
neural radio systems has support.

The planned effort of Muhammad Jaafer Riaz et al.[18]  
aims to develop a multiple-input multiple-output 
antenna that can function on one of the 5G 
communication frequencies that have been reserved by 
the Federal Communication Commission (FCC). Since 
MIMO technology is already capable of supporting high 
transmission rates, it can also handle an increase in data 
traffic. Seven components, all running at 37 GHz, make 
up the suggested layout. This suggested MIMO network 
is perfect for future communications because of the 
improved isolation (more than 20 dB) and the 7.7 dBi 
gain of a single element.

A parallel microstrip feed network and an uneven number 
of 4x4 MTS unit cells are two concepts that researchers 



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

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

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

Implemented in 45nm CMOS Technology

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

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

AbstrAct

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

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

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

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

IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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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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under the direction of Jean de Dieu Ntawangaheza came 
up with.[19] With a high lateral dimension that permits 
in-phase currents, the impedance bandwidth (IBW) and 
boresight gain both rise. Multiple TM resonance modes, 
closely spaced, are engaged. A four-by-four array 
antenna optimized for 5G below 6 GHz is featured in this 
article. A flat, low-profile design is achieved by making 
use of a single-layer metasurface. Modern wireless 
networks, such as 5G in the sub-6 GHz range, might use 
one-layer, flat transmitters with a 3 dB beamwidth in the 
electromagnetic (E) and H planes.[28]

Ning Yang et al.[20] proposed a lightweight UAV 
blockchain-based spectrum-sharing system to overcome 
these security challenges. A model using overlay mode 
improves SAGIN’s spectrum. In the nonorthogonal 
simultaneous access (NOMA) mode, UAVs deliver satellite 
signals to ground users, enabling users to gain entry 
to the spectrum. An architecture using LUBC for the 
safe use of spectrum may also tackle SAGIN frequency 
exchange security and confidentiality challenges. 
The blockchain-based serial Vickrey auction process 
completes the NOMA spectrum auction. The aim is to 
optimize main user throughput while minimizing the UAV 
network bandwidth allocation factor. To validate the 
SAGIN spectrum-sharing technique’s effectiveness and 
safety, the study closes with security assessment and 
computation.

Proposed Method

Network resiliency, distributed processing, and 
computing, reduced latency, and time synchronization 
are all greatly improved by computing technologies 

like cloud, fog, and edge computing. As a vision for 
6G networks, this paper should prioritize human needs 
above machine, application, or data centricity. This will 
aid in fixing 5G’s flaws, such as its small packets, and 
paving the way for the IoE, low-latency service delivery, 
extensive system coverage, and high data speeds. To 
accomplish these goals, 6G networks for communication 
will need to undergo fundamental paradigm shifts.

• Network flexibility

With 6G, the goals are to make networks more flexible in 
terms of energy consumption, installation costs, network 
expansion, and management. Deploying a robust, high-
capacity, low-cost network in the future will need 
mechanisms to guarantee active network installations. 
Integrating traditional network node service providers 
with mobile, ad hoc nodes that do not reside on a 
fixed surface is the biggest challenge. To implement 
the ever-changing 6G networks, 5G Integrated-Access 
Backhauling (IAB) and multi-hop communication are 
going to be crucial. Improving the transport layer’s 
scalability, reliability, and flexibility is necessary to 
manage the novel deployment possibilities brought 
forth by 6G use cases. There will be less centralization 
in future deployments and greater sharing of platforms 
for radio access networks (RANs) and core networks 
(CNs). Furthermore, by merging RAN and CN activities, 
they are removing redundant network operations. At the 
same time that development and network operations 
are under control, it is essential to find the right mix 
in order to deliver new use cases that have improved 
performance and deployment flexibility.

• End-to-end communication

To accommodate the unpredictable behaviors, very 
high bandwidth demands, and resilience of future 6G 
services, high-performance connections are essential. 
Furthermore, latency management, end-to-end evolving 
protocols, network collaboration, and resilience 
measures are all affected by end-to-end network 
connection. Applications running on networks must be 
able to withstand transmission and connection failures 
from beginning to finish. In a similar vein, commercial 
monitoring and easy access to vital network infrastructure 
are necessities. In addition, all network entities and 
apps must operate together superbly to secure end-
to-end communication, which is becoming increasingly 
important. In the future, many apps and new multi-access 
technologies will be used for limited communications. 
In terms of building resilient and traffic-managing 6G 
networks, this is a huge step forward. A reduced latency 
requirement with a maximum latency tolerance is 
necessary for many services and use cases. Deployment Fig. 1: 6G capabilities and essential technology parts.
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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

National Journal of Antennas and Propagation, ISSN 2582-2659156

Ashu Nayak and Kapesh S. Raghatate : Broadband Antennas for Future Communication Networks

strategies, whether centralized or distributed, will open 
up new use cases thanks to predictable latency.

• High Coverage

New broadband access solutions need to function 
effectively in a variety of places to make it possible 
to provide new services at reasonable rates. To begin, 
there is a need to improve both latency and data 
throughput. There is also a need for extensive network 
access coverage because of the growing demand for 
services. To increase capacity and hence reduce the cost 
of dense networks, 6G will need the development of new 
mesh networking technologies as well as better access 
and backhaul networks. The airwaves are a precious 
commodity for every wireless network. Although the 
6G era will make heavy use of the 6 GHz low-frequency 
channels, 4G and 5G already make use of them. Because 
there won’t be much additional spectrum available, 6G 
radio access will have to coexist with older generations. 
The millimeter wave (mm-Wave) bands, which were 
established by 5G and are set to be extended up to 
100 GHz, will be used by 6G. Beyond 100 GHz, there 
is potential for rather large volumes of spectrum. 6G 
networks will increase both conventional terrestrial 
and non-terrestrial radio access. Another way to think 
about non-terrestrial access networks is using drones 
and satellites. As a part of the wireless access system, it 
will work seamlessly and provide coverage all over the 
world.

• Diversity of embedded devices

All locations and circumstances will need connectivity 
for future services. With its dependable, always-on 
connectivity, 6G networks can manage billions of small 
embedded devices. In recent times, 100 kbps has been 
made available for high-speed machine-to-machine 
communication. The gadgets’ usefulness is restricted by 
the need to charge or replace the batteries; however, 
their lifespan may reach 10 years in certain cases. Due 
to the often small amount of energy gathered, however, 
very energy-efficient communication techniques are 
required.

• Cognitive networks

To want to build the networks this paper anticipates 
at cheaper prices, this paper then needs to reuse 
their intelligence levels extensively. Enhanced service 
availability and reduced energy use are two areas 
that cognitive networks may help with. They expect 
this to occur in two contexts: first, when traditional 
optimization approaches fail and ML and AI step in to 
aid; and second, when designing control systems to 

carry out system management tasks independently. 
People may affect how systems work by stating their 
intentions in terms of operational goals. Strategy ability 
to comprehend and reason about such goals, as well as 
a higher level of abstraction in user-machine interfaces, 
are prerequisites for automated administration. During 
the joint learning process, both humans and analytics 
algorithms will provide their expertise. With these parts, 
a cognitive network can account for different situations, 
find the right things to do to fix them and plot out the best 
course of action based on how well they’re doing in the 
network. Cognitive systems are designed to organically 
adjust to their environments by constantly observing 
and learning from past occurrences. Improving settings, 
processes, and software in real-time is made possible 
by sending back knowledge about the performance of 
previous activities. Constant progress will be made in 
protecting networks from assaults that target both 
their physical and logical components. This ongoing 
improvement has the potential to greatly enhance the 
system’s security and make it more dynamic than it is 
now. Through a decentralized network, intelligence will 
be available in a variety of formats.

• Network Computing

6G computing will be available to all physical devices. 
System control is its job. Service providers may increase 
application performance, reliability, and latencies by 
virtualizing processing and storage. Businesses and 
industries will also benefit from the connected services 
and solutions made possible by network computing. 
They create new apps so physical systems may talk to 
one another. So, new problems have emerged in the field 
of computers. To satisfy real-time deadlines, new ways 
of positioning, arranging, and programming software are 
needed. It will also be important to highlight and make 
the most of specialized computer equipment that uses 
less energy. In contrast, the development of applications 
should be kept to a minimum. More object linking will 
need ecosystem innovation. The increasing need for 
tailored applications necessitates more impact. Included 
are both novel programming concepts and simplified 
models, in addition to common APIs and abstractions. 
New hardware and software systems may be more easily 
created with the help of network computing. Devices, 
the central cloud, and the network edge will all get 
applications. Hence, 6G will be an actual center for 
innovation.

• Trusted systems

The capacity to withstand, detect, respond to, and 
recover from assaults and accidental confusions is 
a cornerstone of constructing dependable systems. 



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

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

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

Implemented in 45nm CMOS Technology

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

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

AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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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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Reliable systems have several pillars: private computing 
solutions, service availability, security insurance and 
defense, secure protocols and identities, and private 
computing.  Future AI will likely affect the four 
technological development and security domains. At 
the same time, the reliability of AI parts is becoming 
paramount. Certification and support for security 
measures are now trending upward. Protecting a one-
of-a-kind product version is now possible with the help 
of modern, cutting-edge security support designs. But 
this paper needs to make much greater progress. It is 
essential to think about AI, cloud computing, integration 
and continuous delivery processes, and virtualization. 
To assess all parts of the system, current security 
preservation mechanisms will need to be upgraded. 
It’s crucial to have clear guidelines and processes that 
everyone can agree upon when designing security 
systems. 

One strong paradigm for keeping data secure as it 
is processed and stored is confidential computing. 
Protecting data from unauthorized access in the cloud is 
achieved via the use of encryption. No modifications can 
be made to the hardware by the cloud provider since the 
components regulate the certification and processes. 
The RoT technique is fundamental to secure computing. 
To build safe protocols, it may be necessary to combine 
data security measures with private processing and 
storage, networking facilities, and network slicing tasks. 
It employs RoT to identify software functionalities and 
physical components. The goal of our system design is 
to guarantee application privacy while also protecting 
the data. Key service resource provisioning is built to 
provide for different service guarantees. Additionally, 

there are automated recovery methods that can examine 
and compile data from every part of the communication 
system. To improve efficiency, visibility, and real-time 
criteria fulfillment using intermediate analytics, we need 
distributed and layered approaches. Machine learning 
has the potential to evaluate whole service availability 
via data-driven observability. Improved resilience to 
changes in broadcast parameters and traffic loads may 
be possible with the use of real-time AI analytics.

The 6G network idea aims to improve upon existing 
wireless communications systems, allow for more robust 
service, and manage enormous volumes of data. The 
objectives of 6G networks include smart communication, 
more reliable connections, lower latency, more 
trustworthy and secure communications, less energy 
usage, and better internet coverage and connectivity. 
6G may reach 100 Gbps with less than 1 millisecond 
end-to-end latency. 6G should also provide dependable 
communication. The 6G networks will also usher in a 
new age. 6G networks should provide dependable, low-
latency wireless communications. Next-generation 6G 
networks promise to enable fast mobility. 6G networks 
should deliver wireless data swiftly owing to ultra-
large-scale MIMO and high frequencies. This aside, 6G 
networks aim to provide high-speed internet and ultra-
high-definition video streaming. FIGURE 2: Future 6G 
networks will approach an extreme age. New, advanced, 
and intelligent communications technology is needed 
for 6G. Data speeds may be enhanced in several ways. 
Some of the numerous innovations that fall under this 
category are holographic radio communications, fresh 
spectrum, changeable smart surfaces, multiple access 
modulation, full-duplex wireless communications, 
and extra-large MIMO. Potentially game-changing for 
energy efficiency are backscatter communications and 
energy harvesting. Potentially streamlining coverage 
and connectivity in regions are cell-free massive MIMO 
technology and terrestrial-non-terrestrial technologies. 
Blockchain and quantum communication might improve 
internet security, privacy, and anonymity. Holographic 
teleportation (telepresence) with edge computing 
might provide a stable, low-latency connection. Finally, 
machine learning and AI are essential for intelligence. 
The goal of 6G is seamless wireless network integration. 
These wireless networks use air, ocean, or satellite 
communications instead of Earth’s surface. Excellent 
interoperability of these networks allows for stable 
communication and high-speed internet access. 
According to projections, 6G wireless communications 
networks will support multi-sensory extended reality 
(XR), the tactile internet, holographic teleportation 
(telepresence), and the Internet of Smart Things.  Fig. 2: ultra era in 6G networks.



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

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

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

• Input Swing
• Output Swing

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

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

relAted work

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

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

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

ArchItecture of compArAtor

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

• OTA Stage
• Output Stage

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

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

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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IoT applications include smart cities, radio environments, 
healthcare, grids, transportation, farming, and 
households. Future 6G communications networks may 
accommodate all these smart applications, according to 
this report.

Using an H.263 compliant coder, this paper analyzes 
the source coder component of the research in this 
subsection. The source encoder and visual decoder, 
respectively, subject the experimental distortion 
model to  and  Components. At  Macroblock intervals, 
the model codes a macroblock (MB) using an INTRA 
update technique. As seen in equation 1, this leads to a 
distortion in the source encoder. To quantify distortion, 
we compare the reconstructed block to the original 
input block and find the difference.

   
[1]

within the range of  for the INTRA rate, for the encoding bit rate 
in , and For the distortion as measured by the mean square error 
per source sample. Following are some equations that illustrate 
how the distortion-rate parameters , , and are proportional to the 
percentage of INTRA-coded macroblocks , based on the mea-
surements.[2], 22]

 θ=θq+∆θqω
 S0=Sθq+∆S0qω [2]
 E0=Eθq+∆E_0qω 

In baseline mode, the input video sequence is encoded 
using the provided motion-compensated H.263 encoder 
with the model parameters. θ_q, ∆θ_q, S_0q, ∆S_0q, 
E_0q, and ∆E_0q. Take notice that the parameters are 
quite sensitive to the spatial resolution and motion 
velocity of the series.

Fig. 3: THz band antenna in 6G wireless  
communication system.

The figure shows the difficulties and potential future paths 
of study for 6G wireless communication system THz band 

antenna development. Measurement, fabrication, and 
design are the three primary areas that are emphasized, 
and each of them has its own unique set of challenges. 
There are obstacles to measurement, such as a lack of 
accessible antenna testing equipment, which makes it 
difficult to design and evaluate antennas for the THz band. 
This necessitates that researchers investigate potential 
substitute measuring methods. Obstacles in fabrication 
stemming from the antenna’s frequency spectrum and 
form call for innovative manufacturing techniques and 
technology. Designing an antenna that meets all of its 
requirements—including polarization, frequency range, 
bandwidth, directivity, small size, and cheap cost—can 
be challenging. To achieve full compliance with all 
parameters, more research into alternate materials is 
necessary, even if employing metal materials helps with 
some of these needs. Overcoming these obstacles and 
enabling cost-effective THz band antenna designs for 
6G technology requires multidisciplinary research into 
new paths in material science, manufacturing processes, 
and measurement systems. Innovative approaches such 
as metamaterials and additive manufacturing could 
potentially revolutionize antenna design for the THz 
band. By exploring these avenues, engineers may be 
able to create antennas that are not only efficient and 
cost-effective but also highly customizable for specific 
applications in 6G technology.

Figure 3 provides an overview of the testing, production, 
and design processes for the 6G internet connection 
system’s THz band antenna. It is hard to make THz band 
antennas that meet all the requirements for 6G antennas 
because (1) the alignment and location system of THz 
band antennas isn’t always accurate, both in terms of 
how they are made and how accurate measurements can 
be; and (2) the high level of accuracy needed for THz 
band antenna design means that special, complicated 
manufacturing methods have to be used. Between the 
two, this establishes a connection, which researchers 
may then investigate further. The THz band antenna will 
be able to be included in the 6G wireless communication 
system as a result of research being conducted in 

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

Result 

According to this study’s findings, broadband antennas 
are crucial to future 6G communication networks’ 
ability to meet high-speed, low-latency demands. 
Experimental tests showed that the suggested antenna 
designs offer higher bandwidth, better beamforming, 
and higher spectral efficiency. This is needed to meet 
the strict needs of new applications such as augmented 
reality, self-driving systems, and large-scale Internet of 
Things (IoT) deployments. Improving the integration of 
metamaterial structures with modern materials further 
reduced energy losses and signal distortion. In terms 
of supporting higher frequencies in the sub-terahertz 
and millimeter-wave bands, these broadband solutions 
outperform current 5G antenna technology, according 
to comparative studies. These results confirm that 
the suggested designs are appropriate for the next 
generation of communication networks, opening the 
door to durable and scalable 6G deployments.

Dataset: The market research forecasts a 2% increase 
in millimeter wave technology from USD 3.0 billion 
from 2024 to 2031. Market Dynamics Microwave Top 
Millimeter Wave Market Drivers Need quicker data High 
data rates drive millimeter wave technology. Millimeter 
wave bandwidth enhances VR, AR, and streaming. Fast 
data transfer rates provide latency-free, immersive, 
real-time interactions in many applications. Millimeter 
wave technology may meet customer demand for 
continuous connectivity in densely populated cities. 
Wireless communication speeds up digital connections 
in smart cities, healthcare, entertainment, and 
telecoms, growing the industry. The Internet of Things 
and smart technologies have developed the sector. 
Millimeter Wave Market Limits Implementation costs 
hinder millimeter wave technology development. Less 
interior coverage and more infrastructure for consistent 
access will slow market growth. Millimeter Wave Market 
Overview Wireless communication in millimeter-wave 
technology is 30–300 GHz. This high-frequency spectrum 
may be utilized for 5G wireless internet networks, radar, 
imaging, and military communications since it transmits 
data quickly. The market will gain from 5G networks, 
wireless backhaul, security, radar, and new aerospace 
and military applications. Industrial players may face 
millimeter-wave physical properties. Short range, direct 
line of sight, and environmental interference limit 
market growth. Millimeter wave scanners’ broad use in 
security is also driving market growth. Soon, millimeter 
wave technology seems promising. This sector is driven 

by greater connections, millimeter waves, and fiber 
optic cable alternatives.[21]

Frequency vs Gain

Fig. 4: Frequency vs Gain.

The gain performance of three different broadband 
antenna designs—CRS, 6G-BA, and CPW—is compared in 
Figure 4, spanning the frequency range of 2 GHz to 6 
GHz. The data shows that the 6G-BA antenna achieves 
a maximum gain of 40 dBi, which is much higher than 
the 20 dBi and 15 dBi achieved by the CRS and CPW 
designs, respectively. The 6G-BA antenna exhibits a 
dramatic gain boost between 2 and 4 GHz, a subsequent 
gain drop, and eventually frequency stability beyond 4 
GHz. Because of its exceptional performance, it shows 
promise for 6G communication networks in the future, 
which will be able to handle more intensive workloads 
and higher frequencies. To achieve next-generation 
network efficiency and gain, the results highlight the 
need for sophisticated antenna designs.

Frequency vs Bandwidth

Fig. 5: Frequency vs Bandwidth.

Figure 5 shows that the Frequency as its Bandwidth is 
measured using equations 1 and 2. From 2 GHz to 6 GHz, 
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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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this graph displays the bandwidth performance of three 
distinct broadband antenna designs. The plans are 6G-
BA, CRS, and CPW. The 6G-BA antenna has the widest 
bandwidth, with values exceeding 60 GHz at higher 
frequencies, in comparison to the CRS and CPW designs, 
which have maximum bandwidths of around 40 GHz and 
30 GHz, respectively. Specifically, the 6G-BA antenna 
consistently delivers more bandwidth throughout the 
frequency spectrum, proving its value for high-frequency, 
high-capacity applications in future 6G communication 
networks. That is to meet the ever-increasing demand, 
ultra-broadband communication networks must undergo 
significant technological and architectural upgrades.

Frequency vs Efficiency

Fig. 6: Frequency vs Efficiency.

Figure 6 is a frequency-range graph displaying the 
efficiency performance of three different broadband 
antenna designs: CPW, CRS, and 6G-BA. With an 
efficiency reaching 70% in the high-frequency range, 
the 6G-BA antenna often outperforms the competition. 
The CRS and CPW antennas, on the other hand, show 
reduced efficiency, reaching a maximum of around 55% 
and 40%, respectively. The results show that the 6G-BA 
antenna design is a good candidate for use in future 
6G communication networks because it is better at 
preventing energy loss and achieving peak performance 
in high-frequency situations. Overall, the efficiency 
performance of the 6G-BA antenna design demonstrates 
its potential for improving communication networks in 
the future. By outperforming the competition in high-
frequency ranges, it proves to be a promising option for 
maximizing energy efficiency and performance. To fulfill 
the efficiency objectives of next-generation applications, 
sophisticated antenna engineering is crucial.

Conclusion

This research provided a thorough evaluation of the 
developments leading to the development of 6G wireless 

communications networks. To get there, this paper 
identified several critical performance indicators for 
6G networks. Also covered extensively are the critical 
technologies that can realize the 6G networks’ essential 
performance indicators. In particular, the audience has been 
informed of the operation principle and basic idea of each 
technology. Furthermore, we have noted the potential uses 
for each technology and highlighted its primary underlying 
benefit. Global coverage, greater spectral/energy/cost 
efficiency, greater insight, security, and resilience are just 
a few of the many advantages that have resulted from the 
establishment of new performance metrics and application 
scenarios. Instances of 6G wireless communication networks 
in action include but are not limited to, the following: 
cloud computing, augmented reality (VR), the internet of 
things (IoT), automation in factories, C-V2X, the virtual skin 
of the system, energy-efficient wireless network control, 
federated learning systems, and the cloud. These are but 
a few of the instances. There is now the possibility of 
satisfying the criteria of 6G as a result of the availability 
of the necessary technology. In this section, this paper has 
highlighted the research that is presently considered to 
be at the forefront of each technology. In addition to this, 
the study brought up several intriguing new research issues 
and brought to light several pressing research difficulties 
that will need to be solved in the future. In addition, the 
paper included insightful pieces of advice and information 
on the actual use of the technology that was Additionally, 
this article presents cutting-edge applications that 6G 
networking implementation might make available. A 
realistic picture of the wireless communications networks 
that should be able to handle 6G was the primary objective 
of the research, which was designed to give academics and 
enterprises this information.
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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 

161

Ashu Nayak and Kapesh S. Raghatate : Broadband Antennas for Future Communication Networks

[5] Saeed, N., Almorad, H., Dahrouj, H., Al-Naffouri, T. Y., 
Shamma, J. S., & Alouini, M. S. (2021). Point-to-point 
communication in integrated satellite-aerial 6G networks: 
State-of-the-art and future challenges. IEEE Open Journal 
of the Communications Society, 2, 1505-1525.

[6] Kavitha, M. “Environmental Monitoring Using IoT-Based 
Wireless Sensor Networks: A Case Study.” Journal of Wire-
less Sensor Networks and IoT 1.1 (2024): 32-36.

[7] Israr, A., Abro, G. E. M., Sadiq Ali Khan, M., Farhan, M., 
& Bin Mohd Zulkifli, S. U. A. (2021). [Retracted] Internet 
of Things (IoT)-Enabled Unmanned Aerial Vehicles for the 
Inspection of Construction Sites: A Vision and Future Di-
rections. Mathematical Problems in Engineering, 2021(1), 
9931112.

[8] Muralidharan, J. “Optimization Techniques for Energy-Effi-
cient RF Power Amplifiers in Wireless Communication Sys-
tems.” SCCTS Journal of Embedded Systems Design and 
Applications 1.1 (2024): 1-5.

[9] Rajatheva, N., Atzeni, I., Bjornson, E., Bourdoux, A., 
Buzzi, S., Dore, J. B., ... & Xu, W. (2020). White paper 
on broadband connectivity in 6G. arXiv preprint arX-
iv:2004.14247.

[10] Leitner, M., Mangler, J., & Rinderle-Ma, S. (2011). 
SPRINT-Responsibilities: design and development of secu-
rity policies in process-aware information systems. Jour-
nal of Wireless Mobile Networks, Ubiquitous Computing, 
and Dependable Applications, 2(4), 4-26.

[11] Sharma, P., Tiwari, R. N., Singh, P., Kumar, P., & Kanaujia, 
B. K. (2022). MIMO antennas: Design approaches, tech-
niques and applications. Sensors, 22(20), 7813.

[12] 26. Su, Q., Hao, R., Duan, S., Kong, F., Liu, X., & Yu, J. 
(2020). Secure Computation Outsourcing for Inversion in 
Finite Field. Journal of Internet Services and Information 
Security, 10(2), 35-48.

[13] S. Chen, Y.-C. Liang, S. Sun, S. Kang, W. Cheng, and M. 
Peng, “Vision, requirements, and technology trend of 6G: 
how to tackle the challenges of system coverage, capac-
ity, user data-rate and movement speed,” IEEE Wireless 
Communications, vol. 27, no. 2, pp. 218–228, 2020.

[14] Masoomeh Sharifzadeh. (2015). The Survey of Artificial 
Neural Networks-Based Intrusion Detection Systems. In-
ternational Academic Journal of Science and Engineering, 
2(1), 11–18

[15] Z. Zhang, Y. Xiao, Z. Ma, M. Xiao, Z. Ding, X. Lei, G. K. 
Karagiannidis, and P. Fan, “6G wireless networks: Vision, 
requirements, architecture, and key technologies,” IEEE 
Vehicular Technology Magazine, vol. 14, no. 3, pp. 28–41, 
2019.

[16] Bhutani, A., Bekker, E., de Oliveira, L. G., Pauli, M., & 
Zwick, T. (2021, March). 140 GHz broadband antenna in 
embedded wafer-level ball grid array technology. In 2021 

15th European Conference on Antennas and Propagation 
(EuCAP) (pp. 1-5). IEEE.

[17] Kantemur, A., Tak, J., Siyari, P., Abdelrahman, A. H., 
Krunz, M., & Xin, H. (2020). A novel compact reconfigu-
rable broadband antenna for cognitive radio applications. 
IEEE transactions on antennas and propagation, 68(9), 
6538-6547.

[18] Riaz, M. J., Sultan, A., Zahid, M., Javed, A., Amin, Y., & 
Loo, J. (2020, November). MIMO antennas for future 5G 
communications. In 2020 IEEE 23rd International Multi-
topic Conference (INMIC) (pp. 1-4). IEEE.

[19] de Dieu Ntawangaheza, J., Sun, L., Xie, Z., Pang, Y., 
Zheng, Z., & Rushingabigwi, G. (2020). A single-layer 
low-profile broadband metasurface antenna array for sub-
6 GHz 5G communication systems. IEEE Transactions on 
Antennas and Propagation, 69(4), 2061-2071.

[20] Yang, N., Guo, D., Jiao, Y., Ding, G., & Qu, T. (2023). 
Lightweight Blockchain-Based Secure Spectrum Sharing in 
Space–Air–Ground-Integrated IoT Network. IEEE Internet 
of Things Journal, 10(23), 20511-20527.

[21] https://datasetsearch.research.google.com/search?s-
rc=0&query=%20Broadband%20Antennas%20for%20Fu-
ture%20Communication%20Networks&docid=L2cvMTF2cm-
M4cWg1Ng%3D%3D

[22] Akyildiz, I. F., Kak, A., & Nie, S. (2020). 6G and beyond: 
The future of wireless communications systems. IEEE ac-
cess, 8, 133995-134030.

[23] Sen, P., Ariyarathna, V., Madanayake, A., & Jornet, J. M. 
(2021). A versatile experimental testbed for ultrabroad-
band communication networks above 100 GHz. Computer 
Networks, 193, 108092.

[24] Alsabah, M., Naser, M. A., Mahmmod, B. M., Abdulhussain, 
S. H., Eissa, M. R., Al-Baidhani, A., ... & Hashim, F. (2021). 
6G wireless communications networks: A comprehensive 
survey. Ieee Access, 9, 148191-148243.

[25] Alsharif, M. H., Albreem, M. A., Solyman, A. A. A., & Kim, 
S. (2021). Toward 6G communication networks: Terahertz 
frequency challenges and open research issues. Comput-
ers, Materials & Continua.

[26] Xiao, Z., Han, Z., Nallanathan, A., Dobre, O. A., Clerckx, 
B., Choi, J., ... & Tong, W. (2022). Antenna array en-
abled space/air/ground communications and networking 
for 6G. IEEE Journal on Selected Areas in Communica-
tions, 40(10), 2773-2804.

[27] S. Zhang, C. Xiang, and S. Xu, “6G: Connecting everything 
by 1000 times price reduction,” IEEE Open Journal of 
Vehicular Technology, vol. 1, pp. 107–115, 2020.

[28] Y. Zhou, L. Liu, L. Wang, N. Hui, X. Cui, J. Wu, Y. Peng, Y. 
Qi, and C. Xing, “Service aware 6G: an intelligent and open 
network based on convergence of communication, comput-
ing and caching,” Digital Communications and Networks,  
2020.


