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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

With the relentless march of technological progress, the world has witnessed a 
transformative shift in how we communicate and connect. Among the multitude of 
innovations, WiMAX (Worldwide Interoperability for Microwave Access) stands as a 
beacon of wireless broadband technology, offering high-speed internet access over large 
geographical areas. In this comprehensive exploration, we delve into the multifaceted 
applications of WiMAX technology, its impact on various industries, and its potential to 
shape the future of connectivity.
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Understanding WiMAX

WiMAX, a standard based on the IEEE 802.16 family, 
represents a significant advancement in wireless 
communication technology. Unlike traditional Wi-Fi 
networks, which are limited in range and coverage, 
WiMAX offers broadband connectivity over extended 
distances, making it ideal for providing internet access in 
underserved and remote areas. Operating in licensed and 
unlicensed frequency bands, WiMAX supports data rates 
ranging from tens of Mbps to several Gbps, catering to 
a wide range of applications and user requirements.[1][18] 
WiMAX, which stands for Worldwide Interoperability 
for Microwave Access, is a wireless communication 
technology that provides high-speed broadband access 
over long distances. It operates on the IEEE 802.16 
standard and is designed to offer wireless connectivity 
similar to Wi-Fi but with extended range and higher 
data rates, making it suitable for both fixed and mobile 
applications.

One of the key features of WiMAX is its ability to deliver 
broadband access over large geographic areas using point-
to-multipoint and non-line-of-sight (NLOS) transmission 
techniques.[19-27] This allows WiMAX networks to cover 
urban, suburban, and rural areas efficiently, bridging the 
digital divide by providing internet access to underserved 
communities as given in Fig. 1.

WiMAX supports multiple frequency bands, including 
licensed and unlicensed spectrum, offering flexibility in 

network deployment and optimization. It operates in 
both licensed and unlicensed spectrum bands, providing 
operators with options to deploy networks in accordance 
with local regulations and spectrum availability.[28-37]

Furthermore, WiMAX offers scalability and quality of service 
(QoS) capabilities, allowing operators to prioritize traffic 
and allocate resources dynamically based on application 
requirements and user demand. This ensures optimal 
performance for real-time applications such as voice and 
video streaming, as well as high-speed data transfer.

In addition to fixed broadband access, WiMAX also 
supports mobile applications through the IEEE 802.16e 
amendment, which enables seamless handovers and 

Fig.1: Antenna structure for use in WiMAX systems
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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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mobility management for users on the move. This 
makes WiMAX suitable for applications such as mobile 
broadband, public safety communications, and machine-
to-machine (M2M) connectivity.[38-43] Overall, WiMAX 
offers a cost-effective and versatile solution for delivering 
high-speed broadband access over wide areas, making 
it an attractive option for operators, governments, 
and enterprises looking to deploy wireless networks in 
underserved or remote regions. Despite the emergence 
of newer technologies like LTE and 5G, WiMAX continues 
to play a significant role in bridging the digital divide and 
expanding internet access to communities worldwide.

Applications of WiMAX Technology:

1. Telecommunications and Internet Service Providers 
(ISPs)

One of the primary applications of WiMAX technology is 
in telecommunications and ISP networks. WiMAX enables 
ISPs to offer high-speed internet access to residential 
and business customers in areas where traditional wired 
infrastructure is impractical or unavailable [44]-[56]. 
By deploying WiMAX base stations and subscriber units, 
ISPs can extend their coverage footprint, bridge the 
digital divide, and deliver broadband connectivity to 
underserved communities.WiMAX technology has gained 
traction among Telecommunications and Internet Service 
Providers (ISPs) due to its ability to provide high-speed 
broadband access over wide geographic areas. ISPs 
leverage WiMAX to expand their network coverage and 
reach underserved or remote regions where deploying 
wired infrastructure is economically unfeasibleas given 
in Fig. 2.

WiMAX allows ISPs to offer a range of services, including 
internet access, voice over IP (VoIP), video streaming, 
and other multimedia applications. Its flexibility in 
supporting both fixed and mobile applications makes it 
a versatile solution for addressing diverse connectivity 
needs [52]-[61].Moreover, WiMAX enables ISPs to deliver 
broadband access to customers in urban, suburban, and 
rural areas, bridging the digital divide and enhancing 
connectivity in underserved communities. Its non-line-

of-sight (NLOS) capabilities make it particularly suitable 
for reaching customers in challenging environments 
where traditional wired infrastructure is impractical or 
costly.

Overall, WiMAX technology empowers Telecommuni-
cations and ISPs to expand their service offerings, improve 
network coverage, and provide reliable broadband access 
to a broader customer base. As technology continues to 
evolve, WiMAX remains a viable option for ISPs looking 
to enhance their network infrastructure and meet the 
growing demand for high-speed internet connectivity.

2. Mobile Broadband and Wireless Access

WiMAX technology serves as a key enabler for mobile 
broadband services, providing high-speed internet 
access to users on the go. Mobile WiMAX networks, also 
known as 4G WiMAX, deliver broadband connectivity 
to smartphones, tablets, and other mobile devices, 
allowing users to access the internet, stream multimedia 
content, and engage in online activities with ease. With 
its robust performance and wide coverage area, WiMAX 
complements existing cellular networks and enhances 
the overall mobile broadband experience.WiMAX 
technology has revolutionized mobile broadband and 
wireless access by offering high-speed connectivity on 
the go. With its ability to support mobility and seamless 
handovers, WiMAX enables users to stay connected while 
moving between different locations, making it an ideal 
solution for mobile broadband applicationsas given in 
Fig. 3.

WiMAX provides users with access to a wide range of 
services, including internet browsing, video streaming, 
online gaming, and VoIP calls, all at broadband speeds. 
Its robust performance and reliability make it suitable 
for delivering a consistent user experience, even in 
densely populated urban areas or areas with limited 
wired infrastructure.

Furthermore, WiMAX offers flexibility in network deploy-
ment, allowing operators to build networks that cater 
to both fixed and mobile applications. This versatility 

Fig. 2: Compact triband slotted printed monopole 
antenna for WLAN and WiMAX Fig. 3: Design of a compact T‐shaped slot antenna
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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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makes WiMAX a valuable technology for delivering 
wireless access to homes, businesses, public spaces, 
and vehicles, meeting the diverse connectivity needs of 
users in various environments.

Overall, WiMAX mobile broadband and wireless access 
empower users to stay connected wherever they go, 
enabling them to access the internet, communicate, 
and collaborate seamlessly while on the move. As 
technology continues to evolve, WiMAX remains a key 
player in the mobile broadband landscape, providing 
reliable connectivity and expanding access to high-speed 
internet services for users worldwide.

3. Smart Grid and Utilities

WiMAX technology finds appli cations in smart grid and 
utility networks, enabling efficient monitoring, control, 
and management of critical infrastructure assets. 
WiMAX-based communication systems facilitate real-
time data collection from smart meters, substations, 
and distribution equipment, allowing utilities to 
optimize energy distribution, detect faults, and improve 
grid reliability. By leveraging WiMAX connectivity, 
utilities can enhance operational efficiency, reduce 
downtime, and support the transition to a smarter, more 
sustainable energy ecosystem.WiMAX technology has 
emerged as a crucial enabler for smart grid and utility 
applications, offering robust wireless connectivity to 
support advanced metering, monitoring, and control 
systems. With its high-speed broadband capabilities and 
long-range coverage, WiMAX facilitates the deployment 
of smart grid infrastructure, enabling utilities to improve 
efficiency, reliability, and sustainability in energy 
managementas given in Fig. 4.

WiMAX enables utilities to deploy smart meters and 
sensors across their distribution networks, allowing 
for real-time monitoring of energy consumption, grid 
conditions, and equipment performance. This data 

can be used to optimize grid operations, identify 
potential issues, and implement proactive maintenance 
strategies, leading to improved grid reliability and 
reduced downtime.

Moreover, WiMAX supports bidirectional communication 
between utility devices and control centers, enabling 
utilities to remotely manage and control grid assets, 
respond to outages, and implement demand response 
programs. This enhances grid resilience and flexibility, 
enabling utilities to better manage peak demand, 
integrate renewable energy sources, and support 
emerging grid technologies such as energy storage and 
electric vehicle charging.

Overall, WiMAX technology plays a critical role in 
modernizing utility infrastructure and enabling the 
transition to smart grids. Its ability to provide reliable, 
high-speed wireless connectivity over wide areas makes 
it an ideal solution for utilities looking to improve 
operational efficiency, optimize resource utilization, 
and enhance customer service in the rapidly evolving 
energy landscape.

4. Public Safety and Emergency Services:

WiMAX technology plays a vital role in public safety 
and emergency response systems, providing reliable 
communication capabilities for first responders, law 
enforcement agencies, and disaster management 
organizations. WiMAX networks enable high-speed 
data transmission, video surveillance, and real-time 
situational awareness during emergencies, enabling 
timely coordination and effective response efforts. With 
its robust and resilient connectivity, WiMAX enhances 
the effectiveness of public safety operations and 
contributes to enhanced community safety and security.
WiMAX technology serves as a vital communication 
tool for public safety and emergency services, offering 
reliable, high-speed wireless connectivity to support 
critical communication and coordination efforts during 
emergencies and disaster response scenarios. WiMAX 
networks provide a resilient communication infrastructure 
that enables first responders, emergency personnel, 
and government agencies to effectively communicate, 
coordinate, and access essential information in real-
time, even in challenging environmentsas given in Fig. 5.

During emergencies, such as natural disasters, accidents, 
or public safety incidents, WiMAX networks facilitate the 
rapid deployment of temporary communication solutions, 
enabling emergency responders to establish command 
centers, set up temporary shelters, and coordinate rescue 
and relief efforts more efficiently. WiMAX technology 
supports a wide range of communication devices, Fig. 4: S 11 parameter of proposed antenna element
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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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including smartphones, tablets, laptops, and specialized 
communication equipment used by first responders, 
ensuring interoperability and seamless communication 
across different agencies and jurisdictions.[62]

Moreover, WiMAX networks offer robust coverage and 
capacity, allowing emergency services to maintain 
communication continuity and provide timely assistance 
to affected communities, even in areas with damaged or 
overloaded infrastructure. By providing reliable wireless 
connectivity and supporting mission-critical applications, 
WiMAX technology enhances the effectiveness and 
efficiency of public safety and emergency response 
operations, ultimately helping to save lives and protect 
property during times of crisis.

5. Transportation and Intelligent Mobility

WiMAX technology supports various transportation 
applications, including intelligent transportation 
systems (ITS), fleet management, and connected 
vehicle initiatives. WiMAX-enabled communication 
networks facilitate real-time traffic monitoring, 
congestion management, and traveler information 
services, improving traffic flow, reducing travel times, 
and enhancing overall transportation efficiency. By 
enabling seamless connectivity between vehicles, 
infrastructure, and passengers, WiMAX contributes to 
the development of smarter, safer, and more sustainable 
transportation systems.WiMAX technology plays a 
crucial role in transportation and intelligent mobility 
applications, enabling the development of connected 
and smart transportation systems that improve 
efficiency, safety, and sustainability. WiMAX networks 
provide high-speed wireless connectivity to support 
a wide range of transportation applications, including 
traffic management, vehicle-to-infrastructure (V2I) 
communication, and intelligent transportation systems 
(ITS)as given in Fig. 6.

With WiMAX, transportation authorities can deploy 
real-time traffic monitoring and management systems 
to collect data on traffic flow, congestion, and road 
conditions. This data can be used to optimize traffic 
signals, reroute traffic, and improve overall traffic flow, 
reducing congestion and travel times for commuters.

WiMAX also facilitates communication between vehicles 
and roadside infrastructure, enabling vehicles to 
exchange information with traffic signals, road signs, and 
other vehicles in real-time. This enables advanced safety 
features such as collision avoidance, lane departure 
warnings, and adaptive cruise control, enhancing driver 
safety and reducing the risk of accidents on the road.

Moreover, WiMAX technology supports the deployment 
of intelligent mobility solutions such as autonomous 
vehicles and connected car services, enabling vehicles to 
communicate with each other and with the surrounding 
infrastructure to navigate safely and efficiently. By 
providing reliable wireless connectivity and supporting 
advanced transportation applications, WiMAX technology 
is driving innovation and transforming the future of 
transportation towards safer, more efficient, and 
sustainable mobility solutions.

6. Rural Broadband and Community Networks

In rural and remote areas where traditional wired 
infrastructure is cost-prohibitive, WiMAX technology offers 
a viable solution for providing broadband connectivity 
to underserved communities. Community networks and 
rural broadband initiatives leverage WiMAX technology 
to establish wireless broadband networks, delivering 
internet access to homes, schools, and businesses 
in rural areas. WiMAX enables community-driven 
initiatives to bridge the digital divide, foster economic 
development, and empower individuals with access to 
information and opportunities.WiMAX technology plays a 
critical role in bridging the digital divide and providing 

 
Fig. 5: Circularly polarized quad‐band  

monopole antenna
Fig. 5: A compact CPW‐fed monopole antenna
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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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broadband access to rural and underserved communities 
through the deployment of community networks. In rural 
areas where traditional wired infrastructure is limited or 
unavailable, WiMAX offers an efficient and cost-effective 
solution for delivering high-speed internet connectivity 
to residents, businesses, and community organizationsas 
given in Fig. 7.

WiMAX networks enable rural communities to overcome 
geographical barriers and access essential online services, 
such as education, healthcare, and e-commerce, which 
are essential for socioeconomic development and 
empowerment. By providing reliable broadband access, 
WiMAX helps rural communities participate in the digital 
economy, access online education and training resources, 
and connect with healthcare providers and government 
services remotely.

Moreover, WiMAX supports community-led initiatives to 
build and manage local broadband networks, empowering 
residents to take control of their connectivity and 
address their unique communication needs. Community 
networks powered by WiMAX foster collaboration 
and cooperation among local stakeholders, including 
government agencies, businesses, and non-profit 
organizations, to expand network coverage, improve 
service quality, and ensure affordable access for all 
members of the communityas given in Fig. 8.

Fig. 8: A Compact CPW‐fed Monopole  
Antenna For Multi‐band

Overall, WiMAX rural broadband and community networks 
play a vital role in fostering digital inclusion, promoting 
economic development, and enhancing quality of life 
in rural and underserved areas. By providing reliable, 
high-speed internet connectivity, WiMAX technology 
empowers rural communities to thrive in the digital age 
and unlock new opportunities for growth and prosperity.

Future Directions and Innovations:

As the demand for high-speed broadband connectivity 
continues to grow, WiMAX technology is poised to evolve 
and adapt to meet the evolving needs of users and 
industries. Future advancements in WiMAX technology 
may include:

 � Enhanced Spectrum Efficiency:Ongoing research 
and development efforts aim to improve spectrum 
efficiency and spectral utilization in WiMAX networks, 
enabling higher data rates, increased capacity, and 
better quality of service.

 � 5G Integration:WiMAX technology may integrate 
with emerging 5G networks, enabling seamless 
connectivity between WiMAX and 5G-enabled 
devices and services. This integration could unlock 
new synergies and opportunities for convergence 
between WiMAX and next-generation wireless 
technologies.

 � Internet of Things (IoT) Support:WiMAX networks 
may support IoT applications and devices, providing 
connectivity for a wide range of IoT sensors, 
actuators, and smart devices. WiMAX-enabled IoT 
solutions could enable applications such as smart 
cities, industrial automation, and environmental 
monitoring.

Conclusion

In conclusion, WiMAX technology has emerged as a 
powerful enabler of high-speed broadband connectivity, 
offering a wide range of applications across various 
industries and sectors. From telecommunications and 
mobile broadband to smart grid and public safety, 
WiMAX continues to revolutionize the way we connect, 
communicate, and interact with the world around us. 
As we look to the future, WiMAX technology is poised 
to play a pivotal role in shaping the next generation of 
wireless communication networks, driving innovation, 
and fostering digital inclusion on a global scale.
In conclusion, WiMAX technology has emerged as a 
versatile and valuable solution for delivering high-
speed broadband access to a wide range of applications 
and environments. Its ability to provide long-range 
coverage, support mobility, and deliver high data rates 

Fig. 5: A Compact CPW‐fed Monopole Antenna
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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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makes it well-suited for addressing diverse connectivity 
needs in both urban and rural areas.WiMAX has made 
significant contributions to various industries, including 
telecommunications, transportation, healthcare, and 
public safety, enabling the development of innovative 
solutions that improve efficiency, safety, and quality 
of life. From providing internet access to underserved 
communities to supporting smart grid infrastructure and 
intelligent transportation systems, WiMAX technology 
continues to drive innovation and transform the way we 
communicate, work, and live.

As technology continues to evolve, WiMAX is expected to 
play a significant role in enabling connectivity in emerging 
markets, supporting the expansion of the Internet 
of Things (IoT), and addressing the digital divide by 
providing affordable and accessible broadband access to 
underserved populations. Overall, WiMAX technology has 
proven to be a valuable asset in advancing connectivity 
and driving socio-economic development worldwide.
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