
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:

KEYWORDS: 
 comparator,  
gain,  
offset voltage,  
cadence, 
spectre.

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

DOI:
https://doi.org/10.31838/jvcs/06.01. 03 
 
 
 
 
 
 
 
 

 LSB= {VDD/ (2) ^N} (1)

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

In the dynamic landscape of telecommunications, the advent of 4G LTE (Long-Term Evolution) 
technology has brought about a seismic shift in how we connect and communicate. Offering 
unprecedented speed, reliability, and coverage, 4G LTE has become the cornerstone 
of modern wireless networks, empowering individuals, businesses, and societies with 
seamless connectivity and enhanced digital experiences. In this article, we delve into the 
intricacies of 4G LTE technology, its evolution, features, and its transformative impact on 
the world of telecommunications.
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Understanding 4G LTE

4G LTE represents the fourth generation of cellular 
network technology, succeeding 3G (Third Generation) 
networks. It is characterized by its ability to deliver 
high-speed data transmission, low latency, and improved 
spectral efficiency, enabling a wide range of multimedia 
applications, including high-definition video streaming, 
online gaming, and real-time communication. [1-11] 4G LTE 
(Long-Term Evolution) represents a significant milestone 
in wireless communication technology, offering faster 
data speeds, lower latency, and improved network 
reliability compared to its predecessors. Deployed 
globally, 4G LTE networks have revolutionized how 
people connect, communicate, and consume data on 
mobile devices.[12-24]

At the heart of 4G LTE is its advanced air interface 
technology, which employs Orthogonal Frequency-Division 
Multiplexing (OFDM) and Multiple Input Multiple Output 
(MIMO) techniques to maximize spectral efficiency and 
data throughput. These technologies allow for higher 
data rates, increased capacity, and better performance in 
challenging radio environments [25]-[37].One of the key 
features of 4G LTE is its support for high-speed mobile 
broadband, enabling users to stream high-definition video, 
download large files, and access bandwidth-intensive 
applications on the go. This has led to a surge in mobile 
data usage and the proliferation of multimedia content 
consumption on smartphones and tablets as in Fig. 1.

Additionally, 4G LTE has paved the way for the Internet 
of Things (IoT), connecting billions of devices and 
sensors to the internet and enabling new applications 
in areas such as smart homes, connected cars, and 
industrial automation. The low latency and reliability of 
4G LTE networks make them well-suited for real-time 
communication and control in IoT deployments.[38-46]  
Furthermore, 4G LTE has been instrumental in bridging 

Fig. 1: MIMO Antenna with Enhanced Isolation for 5G NR
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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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the digital divide, providing broadband access to 
underserved rural areas and remote regions where wired 
infrastructure is limited. The widespread availability 
and affordability of 4G LTE devices and services have 
empowered millions of people worldwide to stay 
connected and access information, education, and 
economic opportunities.

In conclusion, 4G LTE has transformed the way people 
communicate and interact in the digital age, laying the 
foundation for a more connected, mobile, and data-
driven society. As the world continues to embrace mobile 
technology, 4G LTE networks will remain a vital enabler 
of innovation, connectivity, and economic growth for 
years to come.[47-51]

Key Features of 4G LTE

1. High-Speed Data Transmission

One of the defining features of 4G LTE is its ability to 
deliver blazing-fast data speeds, capable of reaching 
several megabits per second (Mbps) for downloads and 
uploads. This high-speed connectivity enables seamless 
streaming of HD content, rapid file downloads, and 
responsive web browsing experiences [52]-[65].High-
speed data transmission is one of the hallmark features 
of 4G LTE networks, enabling users to access and transmit 
data at unprecedented speeds. With theoretical peak 
download rates reaching hundreds of megabits per 
second (Mbps), 4G LTE networks offer significantly faster 
data transmission compared to previous generations of 
mobile networksas in Fig. 2.

Several key technologies contribute to high-speed data 
transmission in 4G LTE networks. Orthogonal Frequency-
Division Multiplexing (OFDM) and Multiple Input 

Multiple Output (MIMO) are among the most important, 
allowing for more efficient use of available spectrum 
and increasing data throughput. These technologies 
enable 4G LTE networks to support multiple data 
streams simultaneously, resulting in higher data rates 
and improved network capacity.In addition to OFDM 
and MIMO, other advanced features such as carrier 
aggregation, which combines multiple frequency bands 
to increase data rates, and advanced modulation schemes 
like 64-QAM (Quadrature Amplitude Modulation), further 
enhance the speed and efficiency of data transmission in 
4G LTE networks.

Overall, high-speed data transmission in 4G LTE networks 
enables users to enjoy seamless access to bandwidth-
intensive applications such as HD video streaming, online 
gaming, and video conferencing, while also supporting 
emerging technologies like IoT and connected vehicles 
that rely on fast and reliable data connectivity [66]-[72].

2. Low Latency

4G LTE networks offer significantly reduced latency 
compared to previous generations, enabling near real-
time communication and interactive applications. This 
low latency is particularly crucial for latency-sensitive 
applications such as online gaming, video conferencing, 
and IoT (Internet of Things) devicesas in Fig. 3.

Low latency is a crucial feature of 4G LTE networks, 
ensuring fast and responsive communication between 
devices and the network. Latency refers to the delay in 
data transmission between a user’s device and the network 
infrastructure, measured in milliseconds (ms).In 4G LTE 
networks, low latency enables real-time interactions 
and applications that require rapid response times. For 

Fig. 2: Dual-Band (28/38 GHz) Compact MIMO  
Antenna System Fig. 3: Geometry of the MIMO antenna system
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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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example, voice and video calls, online gaming, and live 
streaming benefit from low latency, ensuring smooth and 
uninterrupted communication between users.

Several factors contribute to low latency in 4G LTE 
networks. Advanced air interface technologies, such 
as Orthogonal Frequency-Division Multiplexing (OFDM) 
and Multiple Input Multiple Output (MIMO), minimize 
transmission delays and optimize signal efficiency. 
Additionally, network optimization techniques, such 
as Quality of Service (QoS) management and traffic 
prioritization, help reduce congestion and ensure 
timely delivery of data packets.Low latency in 4G LTE 
networks enhances user experience, enabling faster 
web browsing, smoother video streaming, and more 
responsive applications. As the demand for real-time 
communication and immersive experiences continues to 
grow, low latency remains a critical aspect of 4G LTE 
technology, paving the way for future innovations and 
applications in mobile communication.

3. Enhanced Spectral Efficiency

4G LTE technology optimizes spectrum utilization, 
allowing for more efficient use of available frequency 
bands and increased network capacity. This enhanced 
spectral efficiency enables higher data throughput, 
improved coverage, and better network performance in 
congested areasas in Fig. 4.

Enhanced spectral efficiency is a key characteristic of 
4G LTE networks, allowing for more efficient use of 
available radio spectrum to transmit data at higher 
rates. Spectral efficiency refers to the amount of 
information that can be transmitted over a given 
frequency band within a specific time period.In 4G LTE 
networks, several advanced technologies contribute to 
enhanced spectral efficiency. Orthogonal Frequency-
Division Multiplexing (OFDM) and Multiple Input Multiple 
Output (MIMO) are among the most significant, allowing 
for the simultaneous transmission of multiple data 
streams over the same frequency band. This increases 
data throughput and network capacity, enabling higher 
data rates and improved performance.

Carrier aggregation is another important feature of 
4G LTE networks that enhances spectral efficiency by 

combining multiple frequency bands to create wider 
transmission channels. This allows for more efficient use 
of available spectrum and enables higher data rates, 
particularly in areas with limited bandwidth.Overall, 
enhanced spectral efficiency in 4G LTE networks enables 
operators to deliver faster and more reliable wireless 
services to users, while also optimizing the utilization 
of precious radio spectrum resources. This results 
in improved network performance, increased data 
throughput, and better user experiences across a wide 
range of applications and servicesas in Fig. 5.

4. Support for Multimedia Applications

With its robust data capabilities, 4G LTE supports a 
wide range of multimedia applications, including high-
definition video streaming, music streaming, and video 
conferencing. These applications benefit from the 
high-speed, low-latency connectivity provided by 4G 
LTE networks, delivering immersive digital experiences 
to users worldwide.4G LTE networks offer robust 
support for multimedia applications, providing users 
with seamless access to high-quality audio, video, and 
interactive content on their mobile devices. The high 
data rates, low latency, and enhanced spectral efficiency 
of 4G LTE enable smooth and uninterrupted streaming 
of multimedia content, enhancing the user experience 
across various applications.

One of the key advantages of 4G LTE for multimedia 
applications is its ability to deliver high-definition (HD) 
video streaming on mobile devices. With faster data 
speeds and improved network capacity, users can enjoy 
streaming services such as YouTube, Netflix, and Hulu in 
stunning clarity and without buffering delays.Additionally, 
4G LTE networks support real-time video conferencing 
and video calling applications, allowing users to connect Fig. 4: MIMO Antenna for Millimeter-Wave

Fig. 5: Quad-Element Dual-Band MIMO 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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face-to-face with friends, family, and colleagues from 
anywhere with a stable internet connection. The low 
latency and high reliability of 4G LTE ensure smooth 
and seamless communication, even during high-demand 
situations.Furthermore, 4G LTE enables users to access a 
wide range of multimedia-rich applications and services, 
including online gaming, social media, and multimedia 
messaging. Whether streaming music, watching videos, 
or engaging in immersive gaming experiences, 4G LTE 
networks provide the speed, reliability, and performance 
required to meet the demands of today’s multimedia-
centric lifestyle.

Evolution of 4G LTE

Since its initial deployment, 4G LTE technology has 
undergone several advancements and enhancements to 
meet the growing demands of users and applications. 
These advancements includeas in Fig. 6:

1. LTE-Advanced (LTE-A)

LTE-A is an enhanced version of 4G LTE that introduces 
additional features such as carrier aggregation, higher-
order MIMO (Multiple-Input Multiple-Output), and advanced 
modulation techniques. These advancements further 
improve data speeds, spectral efficiency, and network 
capacity, paving the way for future 5G deployments.

2. LTE-Advanced Pro (LTE-A Pro)

LTE-A Pro builds upon the capabilities of LTE-A by 
introducing new features such as enhanced small cell 
support, device-to-device communication, and LTE-
Unlicensed (LTE-U) for utilizing unlicensed spectrum. 
LTE-A Pro sets the stage for seamless transition to 
5G networks by offering enhanced performance and 
capabilities.

3. LTE for IoT (LTE-M and NB-IoT):

In addition to supporting high-speed data applications, 
4G LTE technology also caters to the diverse requirements 

of IoT devices with specialized variants such as LTE-M 
(LTE for Machine-to-Machine communication) and NB-
IoT (Narrowband IoT). These variants offer optimized 
connectivity for IoT devices with low-power, low-cost, 
and extended coverage requirements.

The evolution of 4G LTE has been characterized by 
continuous advancements in wireless communication 
technology, driving improvements in data speeds, 
network capacity, and reliability. From its initial 
deployment, 4G LTE networks have undergone multiple 
upgrades and enhancements, including the introduction 
of carrier aggregation, advanced modulation schemes, 
and densification of network infrastructure. These 
advancements have enabled 4G LTE networks to deliver 
faster data rates, lower latency, and better coverage, 
supporting a wide range of applications and services. 
As the demand for mobile data continues to grow, the 
evolution of 4G LTE continues, paving the way for future 
innovations in wireless communication.

Impact and Applications

The widespread adoption of 4G LTE technology has had 
a profound impact on various industries and sectors, 
including:

 � Mobile Communication: 4G LTE networks have 
transformed mobile communication by offering 
high-speed data connectivity, seamless voice calls, 
and multimedia services to users on the go. Mobile 
operators worldwide have invested heavily in 
deploying and expanding 4G LTE networks to meet 
the surging demand for mobile dataas in Fig. 7.

 � Internet Access: 4G LTE technology has bridged the 
digital divide by providing high-speed internet access 
to underserved areas and remote regions where 
wired infrastructure is lacking. This has empowered 
individuals and communities with access to online 
education, e-commerce, telemedicine, and other 
digital services.

Fig. 6: UWB-MIMO Antenna With Band-Notched  
Characteristics

Fig. 7: Frequency-Reconfigurable Filtenna for GSM, 
4G-LTE
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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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 � Enterprise Solutions: Businesses and enterprises 
leverage 4G LTE connectivity for a wide range of 
applications, including enterprise mobility, remote 
workforce management, IoT deployments, and 
mission-critical communications. The reliability and 
performance of 4G LTE networks enable businesses 
to enhance productivity, streamline operations, 
and stay connected in today’s fast-paced digital 
economy.

 � Smart Cities and IoT: 4G LTE technology forms 
the backbone of smart city initiatives and IoT 
deployments, enabling connectivity for smart 
devices, sensors, and infrastructure. From smart 
transportation and energy management to 
environmental monitoring and public safety, 4G LTE 
networks play a crucial role in building sustainable 
and efficient urban ecosystems.

Future Outlook

As the telecommunications industry continues to evolve, 
the journey of 4G LTE technology is far from over. While 
5G networks are gaining momentum with their promise 
of ultra-fast speeds and ultra-low latency, 4G LTE will 
remain a vital component of the global communication 
infrastructure for years to come. Its widespread 
deployment, compatibility with existing devices, and 
proven reliability ensure its relevance and longevity in 
the transition to 5G and beyond.The future outlook of 
4G LTE remains bright, with ongoing developments and 
enhancements expected to further improve network 
performance, coverage, and capabilities. While 5G 
networks have begun to roll out, 4G LTE will continue to 
play a crucial role in global telecommunications for the 
foreseeable future.

One key area of focus for the future of 4G LTE is the 
optimization of network efficiency and capacity. 
Continued advancements in technologies such as 
carrier aggregation, advanced modulation schemes, and 
network densification will enable operators to maximize 
the throughput and reliability of existing 4G LTE 
infrastructure.Furthermore, the evolution of 4G LTE will 
involve the integration of new technologies and services, 
such as Voice over LTE (VoLTE), which offers enhanced 
voice quality and support for advanced communication 
features. Additionally, the expansion of IoT applications 
and services will drive the deployment of specialized 4G 
LTE networks tailored to meet the unique requirements 
of IoT devices and applications.Overall, the future 
of 4G LTE is characterized by ongoing innovation and 
optimization, ensuring that the technology remains a 
cornerstone of global telecommunications and continues 

to meet the evolving needs of consumers and businesses 
alike.

Conclusion:

In conclusion, 4G LTE has revolutionized wireless 
communication, providing users with faster data 
speeds, lower latency, and improved network reliability. 
With its advanced features such as high-speed data 
transmission, low latency, enhanced spectral efficiency, 
and support for multimedia applications, 4G LTE has 
become the foundation of modern mobile connectivity. 
While the advent of 5G networks promises even greater 
advancements, 4G LTE remains a vital component of 
global telecommunications infrastructure, serving 
billions of users worldwide. As technology continues to 
evolve, 4G LTE will continue to play a significant role in 
providing fast, reliable, and ubiquitous connectivity for 
years to come. 4G LTE technology has redefined the way 
we connect, communicate, and experience the digital 
world. Its high-speed data transmission, low latency, 
and enhanced spectral efficiency have unlocked new 
possibilities for innovation, collaboration, and economic 
growth. As we look towards the future, the legacy of 
4G LTE will endure as a testament to the transformative 
power of technology in shaping the connected society of 
tomorrow.
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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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