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AbstrAct

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

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

In the ever-evolving landscape of wireless communication, the demand for high-speed 
data transmission and reliable connectivity continues to soar. Meeting these demands 
requires innovative solutions, and one such breakthrough is the Triple-Band Multiple-Input 
Multiple-Output (MIMO) antenna. This cutting-edge technology not only offers increased 
data throughput but also enhances spectrum efficiency, making it a game-changer in the 
world of wireless communication. In this article, we delve into the intricacies of the 
Triple-Band MIMO antenna, its design principles, applications, and its potential to shape 
the future of wireless connectivity.
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Understanding the Triple-Band MIMO Antenna

A Triple-Band MIMO antenna is a sophisticated antenna 
system designed to operate across three distinct 
frequency bands simultaneously while leveraging MIMO 
technology to enhance performance. MIMO technology 
utilizes multiple antennas at both the transmitter and 
receiver ends to improve data throughput, signal quality, 
and spectral efficiency. By integrating three separate 
frequency bands into a single antenna system, the 
Triple-Band MIMO antenna offers increased versatility 
and compatibility with a wide range of communication 
standards and protocols.[1-16] Triple-band Multiple Input 
Multiple Output (MIMO) antennas represent a significant 
advancement in wireless communication technology, 
offering enhanced performance and versatility compared 
to traditional single or dual-band antennas. These 
antennas are designed to operate across three distinct 
frequency bands, enabling compatibility with multiple 
wireless standards and providing increased flexibility in 
network deployment and optimization.

The introduction of triple-band MIMO antennas addresses 
the growing demand for multi-band communication 
solutions, particularly in the context of modern wireless 
networks such as 4G LTE, 5G, Wi-Fi, and Bluetooth.[17-24] 
By supporting multiple frequency bands simultaneously, 
these antennas can accommodate a wide range of 
devices and applications, ranging from smartphones and 

tablets to IoT devices and smart home appliances as in  
Fig. 1.

One of the key advantages of triple-band MIMO antennas 
is their ability to improve network performance and 
capacity by leveraging multiple spatial streams for data 
transmission. By employing advanced MIMO techniques 
such as beamforming and spatial multiplexing, these 
antennas can enhance spectral efficiency, increase data 
rates, and improve signal quality, leading to a better 
overall user experience.Furthermore, triple-band MIMO 
antennas offer enhanced coverage and reliability by 
exploiting the diversity of multiple frequency bands. 
This enables more robust communication in challenging 
environments with obstacles or interference, ensuring 
reliable connectivity even in crowded urban areas or 
indoor environments [25]-[29].Overall, the introduction 
of triple-band MIMO antennas represents a significant step 
forward in wireless communication technology, offering 
increased performance, flexibility, and reliability for a 
wide range of applications and use cases. As the demand 
for high-speed, ubiquitous connectivity continues to 
grow, triple-band MIMO antennas are poised to play a 
crucial role in shaping the future of wireless networks.

Principles of Operation

The operation of the Triple-Band MIMO antenna is 
grounded in the principles of electromagnetism and 
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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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antenna theory. The antenna system consists of 
multiple radiating elements, each tailored to operate 
within a specific frequency band. These elements are 
strategically arranged to minimize interference and 
maximize coverage across the desired frequency ranges. 
By employing advanced signal processing algorithms, 
the antenna system can exploit spatial diversity and 
multipath propagation to enhance data transmission 
rates and reliability.[30-35]

Triple-band Multiple Input Multiple Output (MIMO) 
antennas operate based on the principles of MIMO 
technology, which involves the use of multiple antennas 
at both the transmitter and receiver to improve 
communication performance. These antennas are 
designed to operate across three distinct frequency bands, 
typically spanning the low, mid, and high-frequency 
ranges, to support a wide range of wireless standards and 
applications.[36-42] The principle of operation of triple-
band MIMO antennas revolves around exploiting spatial 
diversity and multipath propagation to enhance spectral 
efficiency and increase data throughput. By transmitting 
multiple data streams simultaneously over different 
spatial channels, these antennas can mitigate the effects 
of fading, interference, and signal attenuation, resulting 
in more robust and reliable communicationas in Fig. 2.

At the transmitter side, triple-band MIMO antennas 
employ techniques such as beamforming and 
spatial multiplexing to enhance signal transmission. 
Beamforming allows the antenna array to focus radio 
waves in specific directions, increasing signal strength and 
improving coverage. Spatial multiplexing, on the other 
hand, enables the simultaneous transmission of multiple 
data streams over the same frequency band, effectively 
increasing data rates and network capacity.[43-52]  
At the receiver side, triple-band MIMO antennas use 

techniques such as spatial diversity and maximum ratio 
combining (MRC) to improve signal reception. Spatial 
diversity involves using multiple antennas to capture 
different copies of the transmitted signal, reducing 
the effects of fading and improving signal quality. MRC 
combines these spatially diverse signals to construct 
a stronger, more reliable received signal, further 
enhancing communication performance.

Overall, the principle of operation of triple-band MIMO 
antennas revolves around leveraging spatial diversity 
and multipath propagation to enhance communication 
performance across multiple frequency bands. By 
employing advanced signal processing techniques and 
antenna configurations, these antennas can achieve 
higher data rates, increased coverage, and improved 
reliability, making them ideal for a wide range of wireless 
communication applications.[53-62]

Key Components

1. Radiating Elements:The Triple-Band MIMO antenna 
comprises multiple radiating elements, each 
optimized for operation within a specific frequency 
band. These elements may include patch antennas, 

Fig. 1: Multi-Band MIMO Antenna

Fig. 2: Two-Port UWB MIMO Antenna



Kesufekad Metachew, et al. : Breaking Boundaries: The Triple-Band MIMO Antenna

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 

3

dipole antennas, or other antenna configurations, 
depending on the desired frequency ranges and 
application requirementsas in Fig. 3

2. Feed Network:A sophisticated feed network is used 
to distribute signals to and from the individual 
radiating elements. The feed network ensures 
proper phase and amplitude alignment of signals, 
enabling coherent signal transmission and reception 
across multiple frequency bands.

3. MIMO Processing Unit:The MIMO processing unit 
consists of signal processing algorithms and 
hardware components responsible for processing 
and combining signals received from the multiple 
antenna elements. These algorithms exploit spatial 
diversity and channel reciprocity to mitigate fading 
and enhance signal quality.

Triple-band Multiple Input Multiple Output (MIMO) 
antennas consist of several key components that 
work together to enable efficient communication 
across multiple frequency bands. These components 
are essential for achieving high data rates, improved 
coverage, and reliable connectivity in wireless 
networksas in Fig. 4.

1.  Antenna Elements: The primary components of a 
triple-band MIMO antenna are the antenna elements 
themselves. These elements are typically designed 

to operate across three distinct frequency bands, 
covering a wide range of wireless standards and 
applications. Each antenna element is responsible 
for transmitting and receiving signals in its 
respective frequency band, ensuring compatibility 
with multiple wireless devices and networks.

3.  Radio Frequency (RF) Frontend: The RF frontend 
comprises the components responsible for processing 
and amplifying the signals received by the antenna 
elements. This includes low-noise amplifiers (LNAs), 
mixers, and filters that preprocess the signals before 
they are sent to the receiver for further processing. 
In a triple-band MIMO antenna, the RF frontend 
must be capable of handling signals across multiple 
frequency bands simultaneously, ensuring optimal 
performance and signal qualityas in Fig. 5.

4. Signal Processing Algorithms: Signal processing 
algorithms play a crucial role in maximizing the 
performance of triple-band MIMO antennas. 
These algorithms, such as beamforming, spatial 
multiplexing, and channel estimation, optimize the 
transmission and reception of signals across multiple 
antennas and frequency bands. By dynamically 
adjusting the phase and amplitude of signals, these 
algorithms can mitigate the effects of fading, 

on requirementsas in Fig. 3.

Fig. 3: Compact Two- and Eight-Element
Fig. 4: Self-decoupled tri band MIMO antenna 

operating over ISM

Fig. 5: 4 MIMO Antenna Design
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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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interference, and signal attenuation, improving 
overall communication performance.

Overall, the key components of a triple-band MIMO 
antenna work together to enable efficient communication 
across multiple frequency bands, supporting high data 
rates, improved coverage, and reliable connectivity in 
modern wireless networks.

Applications of Triple-Band MIMO Antennas:

The versatility and performance of Triple-Band MIMO 
antennas make them well-suited for a wide range of 
applications across various industriesas in Fig. 6:

 Z Mobile Communication:In mobile communication 
systems, Triple-Band MIMO antennas enable high-
speed data transmission and improved coverage 
across multiple frequency bands, enhancing the user 
experience for applications such as video streaming, 
online gaming, and web browsing.[63]-65]

 Z Wireless Networks:In wireless networks, including 
Wi-Fi, Bluetooth, and Zigbee systems, Triple-
Band MIMO antennas enhance spectral efficiency 
and network capacity, allowing for increased data 
throughput and seamless connectivity in crowded 
environments.

 Z Satellite Communication:Triple-Band MIMO antennas 
are utilized in satellite communication systems to 
enable reliable data transmission and reception over 
multiple frequency bands, facilitating applications 
such as broadband internet access, remote sensing, 
and satellite television broadcasting.

 Z IoT and Smart Devices:In the Internet of Things (IoT) 
ecosystem, Triple-Band MIMO antennas play a crucial 
role in enabling connectivity for smart devices and 
sensors, supporting applications such as smart 
homes, industrial automation, and environmental 
monitoring.

Challenges and Future Directions:

Despite their numerous advantages, Triple-Band MIMO 
antennas pose certain design and implementation 
challenges, including antenna size, complexity, and 
cost. Addressing these challenges will require ongoing 
research and development efforts to optimize antenna 
performance, miniaturize antenna size, and reduce 
manufacturing costs.[66-73]

Triple-band Multiple Input Multiple Output (MIMO) 
antennas offer significant advantages in terms of 
flexibility, performance, and compatibility with multiple 
wireless standards. However, they also present several 
challenges that need to be addressed for further 
advancement and widespread adoption in future wireless 
communication systemsas in Fig. 7.

One of the primary challenges facing triple-band MIMO 
antennas is the design complexity associated with 
supporting multiple frequency bands simultaneously. 
Designing antennas that operate effectively across three 
distinct frequency bands requires careful consideration 
of antenna geometry, feed network design, and signal 
processing techniques. Ensuring optimal performance 
across all frequency bands while minimizing interference 
and cross-talk poses a significant engineering challenge.

Another challenge is the integration of triple-band MIMO 
antennas into compact and power-efficient devices. 
As wireless devices become increasingly smaller and 
more energy-efficient, there is a growing need for 
antenna solutions that can provide high-performance 
connectivity without compromising device size or 
battery life. Achieving this balance requires innovative 
antenna designs, advanced materials, and optimization 
techniques to minimize size, weight, and power 
consumption.

Additionally, triple-band MIMO antennas must address 
compatibility and coexistence issues with existing and 
emerging wireless standards. As the number of wireless 
devices and networks continues to grow, there is a need 
for antennas that can operate seamlessly in crowded 
spectrum environments while minimizing interference 
and maximizing spectral efficiency.

In terms of future directions, ongoing research and 
development efforts are focused on addressing these 
challenges and further advancing the capabilities of 
triple-band MIMO antennas. This includes exploring 
new antenna materials and fabrication techniques, 
developing advanced signal processing algorithms, and 
optimizing antenna designs for specific applications and 
use cases. Additionally, advancements in beamforming, 
spatial multiplexing, and channel estimation techniques 

Fig. 6: Isolation Improvement of Parasitic  
Element-Loaded Dual-Band MIMO
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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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will continue to improve the performance and efficiency 
of triple-band MIMO antennas, paving the way for their 
widespread adoption in future wireless communication 
systems.

Conclusions

Looking ahead, the future of Triple-Band MIMO antennas 
holds tremendous promise for advancing wireless 
communication capabilities and enabling new applications 
across diverse industries. As researchers, engineers, and 
innovators continue to push the boundaries of antenna 
technology, we can expect to see further breakthroughs 
that enhance connectivity, improve spectral efficiency, 
and drive innovation in wireless communication systems. 
With their ability to operate across multiple frequency 
bands and leverage MIMO technology, Triple-Band MIMO 
antennas are poised to play a pivotal role in shaping the 
future of wireless connectivity in the digital age.
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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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