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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 world of wireless communication, the evolution of antenna technology has been 
instrumental in shaping our interconnected society. Among the diverse array of antenna 
types, mechanical antennas stand out as a unique and promising innovation. Combining the 
principles of mechanical engineering with electromagnetic theory, mechanical antennas 
offer a novel approach to achieving versatile and adaptable communication solutions. In 
this article, we delve into the fascinating realm of mechanical antennas, exploring their 
principles, applications, and potential impact on the future of wireless communication.
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Introduction

Understanding Mechanical Antennas

At its core, a mechanical antenna is a device that utilizes 
mechanical movement to manipulate its radiation 
pattern, polarization, or frequency characteristics. 
Unlike traditional antennas that rely solely on electronic 
means for signal manipulation, mechanical antennas 
introduce physical motion as a mechanism for tuning 
and optimizing performance.[1-22] This integration of 
mechanical elements with electromagnetic functionality 
distinguishes mechanical antennas as a ground-breaking 
advancement in antenna design as mentioned in Fig. 1.

Mechanical antennas, also known as physical or 
mechanical resonant antennas, represent an intriguing 
and unconventional approach to signal transmission and 
reception. Unlike traditional electromagnetic antennas 
that rely on electrical currents and electromagnetic 
fields, mechanical antennas utilize physical motion and 
mechanical resonance to achieve similar objectives. 
This innovative concept has gained attention for its 
potential applications in various fields, including 
telecommunications, sensing, and energy harvesting. [23-32]

At the core of mechanical antennas lies the principle of 
mechanical resonance, which refers to the tendency of 
a mechanical system to oscillate at specific frequencies 
when subjected to external forces or stimuli. In the 
context of mechanical antennas, this resonance 
phenomenon is harnessed to create mechanical structures 
capable of efficiently transmitting and receiving signals 
across different frequency rangesas mentioned in Fig. 2.
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Fig. 1: A miniaturized mechanical antenna based on 
FEP/THV Fig. 2: Small low-frequency transmitting 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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One of the key advantages of mechanical antennas is 
their versatility in frequency tuning. Traditional antennas 
often require complex tuning mechanisms or multiple 
antenna elements to operate across different frequency 
bands effectively. In contrast, mechanical antennas 
can achieve frequency tuning through straightforward 
adjustments in the mechanical properties of the 
resonant structure. By modifying parameters such as the 
size, shape, or material composition of the mechanical 
elements, engineers can easily adapt mechanical 
antennas to operate at desired frequencies without the 
need for additional components.[33-39]

Furthermore, mechanical antennas offer inherent 
robustness and durability compared to their 
electromagnetic counterparts. Since mechanical 
resonance relies on physical motion rather than 
electromagnetic fields, mechanical antennas are 
less susceptible to electromagnetic interference, 
environmental factors, and signal degradation.[40-53] This 
resilience makes them particularly suitable for harsh 
operating conditions where traditional antennas may 
struggle to maintain performanceas mentioned in Fig. 3.

Mechanical antennas can take various forms, each with 
its unique design and operational characteristics. One 
common type of mechanical antenna is the vibrational 
or oscillatory antenna, which consists of a resonant 
structure capable of vibrating or oscillating in response 
to applied forces or acoustic waves. By coupling the 
mechanical vibrations to electromagnetic waves, 
vibrational antennas can effectively transmit or receive 
signals without the need for traditional conductive 
elements.

Another intriguing variant of mechanical antennas is 
the reconfigurable or shape-changing antenna. These 
antennas feature flexible or deformable structures 

Fig. 3: Research progress of small low-frequency transmitting antenna

that can alter their shape or geometry in response to 
external stimuli. By dynamically adjusting their physical 
configuration, reconfigurable antennas can adapt to 
changing signal conditions, optimize performance, or 
achieve specific operational objectives. Applications 
of reconfigurable antennas range from adaptive 
beamforming in wireless communications to morphing 
structures in aerospace systems.[54-59]

Despite their promising attributes, mechanical antennas 
also pose several challenges and limitations. One notable 
concern is the complexity and precision required in their 
design and fabrication. Achieving precise mechanical 
resonance at desired frequencies demands careful 
engineering of the antenna’s structural elements and 
stringent manufacturing tolerances. Additionally, 
mechanical antennas may exhibit limitations in terms 
of bandwidth, efficiency, and scalability compared to 
traditional electromagnetic antennas.

Mechanical antennas represent a fascinating frontier 
in antenna technology, offering unique advantages and 
opportunities for innovation. By harnessing the principles 
of mechanical resonance, these antennas enable versatile 
frequency tuning, robust performance, and novel 
functionalities across a wide range of applications. While 
challenges remain in their design and implementation, 
ongoing research and development efforts continue to 
explore the potential of mechanical antennas in shaping 
the future of wireless communication and beyond.

Principles of Operation:

The operation of mechanical antennas is rooted in the 
dynamic manipulation of structural components to 
alter electromagnetic properties. This can involve the 
movement of mechanical elements such as reflectors, 
directors, or feed structures to adjust radiation patterns, 
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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focus energy in specific directions, or switch between 
different frequency bands. By harnessing the principles 
of mechanical engineering, these antennas offer a high 
degree of flexibility and adaptability, allowing for real-
time optimization in response to changing environmental 
conditions or communication requirementsas mentioned 
in Fig. 4.

The operation of mechanical antennas can also be 
influenced by various parameters, including material 
properties, structural design, and environmental 
factors. The choice of materials plays a crucial role in 
determining the mechanical properties and resonance 
characteristics of the antenna. For example, materials 
with high stiffness and low damping are often preferred 
for achieving precise resonance and efficient energy 
transfer. Additionally, the structural design of the 
antenna, such as size, shape, and geometry, can 
significantly impact its resonance frequency, bandwidth, 
and radiation pattern.[60-62]

Environmental factors, such as temperature, humidity, 
and mechanical vibrations, can also affect the operation 
of mechanical antennas. Changes in environmental 
conditions may alter the mechanical properties of the 
antenna, leading to shifts in resonance frequency or 

changes in performance. Therefore, careful consideration 
must be given to environmental effects during the design 
and deployment of mechanical antennas to ensure 
reliable operation under various conditions.

Types of Mechanical Antennas

1. Reconfigurable Antennas:Reconfigurable mechanical 
antennas feature adjustable components that can 
be reconfigured to adapt to different operating 
frequencies, polarization states, or radiation 
patterns. This flexibility enables seamless integration 
into diverse communication systems and enhances 
overall performance and reliability.

2. Steerable Antennas:Steerable mechanical antennas 
incorporate mechanisms for physically orienting 
the antenna structure to steer the beam in specific 
directions. This capability is particularly valuable in 
applications such as satellite communication, where 
precise beam pointing is essential for establishing 
and maintaining communication links [63]-[66].

3. Tunable Antennas:Tunable mechanical antennas 
utilize mechanical tuning elements to adjust 
the resonant frequency of the antenna, enabling 
frequency agility and spectrum optimization. This 
versatility makes them well-suited for applications 
requiring frequency hopping or adaptive frequency 
selection.

Applications of Mechanical Antennas:

The versatility and adaptability of mechanical antennas 
render them well-suited for a wide range of applications 
across various industries:

 Z Wireless Communication Systems:Mechanical 
antennas offer enhanced performance and reliability 
in wireless communication systems, including cellular 
networks, satellite communication, IoT devices, and 
wireless sensor networksas mentioned in Fig. 5.

 Z Military and Defense:In military applications, 
mechanical antennas provide tactical advantages 
such as stealth capabilities, beam agility, and 
frequency agility, making them invaluable assets 
for communication, surveillance, and electronic 
warfare operations.

 Z Aerospace and Aviation:Mechanical antennas 
play a critical role in aerospace and aviation 
applications, including satellite communication, 
radar systems, unmanned aerial vehicles (UAVs), 
and space exploration missions, where reliability 
and adaptability are paramount.

Fig. 4: sandwiched Metglas/PZT/Metglas
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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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 Z Emerging Technologies:With the advent of 
emerging technologies such as 5G, IoT, and smart 
infrastructure, mechanical antennas are poised to 
play a pivotal role in enabling seamless connectivity, 
data exchange, and network optimization in the era 
of the Internet of Things.

Challenges and Future Directions

Despite their promising potential, mechanical antennas 
also present certain challenges, including complexity, 
reliability, and scalability. Addressing these challenges 
requires interdisciplinary collaboration and ongoing 
research and development efforts to optimize design 
methodologies, enhance mechanical reliability, and 
streamline manufacturing processes.[67-71]

While mechanical antennas offer intriguing possibilities 
for signal transmission and reception, they also 

present unique challenges and opportunities for future 
development. Understanding these challenges is crucial 
for advancing the field of mechanical antennas and 
unlocking their full potential in various applicationsas 
mentioned in Fig. 6.

One of the primary challenges facing mechanical 
antennas is achieving precise resonance and frequency 
tuning across a wide range of frequencies. Mechanical 
resonance depends on factors such as material properties, 
structural design, and environmental conditions, making 
it challenging to achieve consistent performance across 
different operating conditions. Future research efforts 
will focus on developing innovative design techniques 
and fabrication methods to enhance the frequency 
agility and tuning capabilities of mechanical antennas.

Another challenge is optimizing the efficiency and 
bandwidth of mechanical antennas. Traditional 

 Dual-Permanent-Magnet Mechanical Antenna for Pipeline Robot Localization
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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electromagnetic antennas often exhibit superior 
efficiency and bandwidth compared to mechanical 
antennas, which may suffer from losses and limitations 
associated with mechanical resonance. Addressing 
these challenges will require exploring new materials, 
structural configurations, and resonance enhancement 
techniques to improve the efficiency and bandwidth 
of mechanical antennas while minimizing losses and 
maximizing performance [61]-[68].Furthermore, 
mechanical antennas face integration challenges when 
used in real-world applications. Integrating mechanical 
antennas into existing systems and devices requires 
careful consideration of size, weight, power consumption, 
and compatibility with other components. Future 
research will focus on developing compact, lightweight, 
and energy-efficient mechanical antennas that can be 
seamlessly integrated into various devices, platforms, 
and environments [64]-[71].Another important challenge 
is ensuring reliability and durability in harsh operating 
conditions. Mechanical antennas may be subjected to 
environmental factors such as temperature variations, 
humidity, mechanical vibrations, and shock, which can 
affect their performance and longevity. Future research 

will explore advanced materials, coatings, and structural 
designs to enhance the durability, ruggedness, and 
resilience of mechanical antennas, making them suitable 
for use in challenging environments such as aerospace, 
automotive, and industrial applications as mentioned in 
Table 1.

In addition to these challenges, future research in mechani-
cal antennas will explore new paradigms and emerging technol-
ogies to push the boundaries of what is possible. This includes 
investigating novel concepts such as biomimetic antennas in-
spired by biological systems, nanoscale mechanical antennas 
leveraging advancements in nanotechnology, and self-assem-
bling antennas capable of reconfiguring and adapting autono-
mously.

Looking ahead, the future of mechanical antennas holds 
tremendous promise for revolutionizing wireless communica-
tion, sensing, and energy harvesting. By addressing the chal-
lenges outlined above and pursuing innovative research di-
rections, mechanical antennas have the potential to offer new 
capabilities and functionalities beyond the scope of traditional 
electromagnetic antennas. As researchers continue to push the 
boundaries of mechanical antenna technology, we can expect 
to see exciting advancements and breakthroughs that shape the 
future of wireless connectivity and beyond.

Conclusions:

Looking ahead, the future of mechanical antennas 
holds tremendous promise for advancing wireless 
communication capabilities and addressing the evolving 
needs of our interconnected world. By harnessing 
the synergies between mechanical engineering and 
electromagnetic theory, mechanical antennas are poised 
to revolutionize the way we communicate, connect, and 
interact in the digital age. As researchers, engineers, 
and innovators continue to push the boundaries of 
technology, the transformative impact of mechanical 

 Fig. 6: Low-frequency magnetoelectric capacitive-
ly-coupled receiving antenna

Table 1: Performance comparison of various permanent magnet-based MA.
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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

National Journal of Antennas and Propagation, ISSN 2582-265912

antennas on society is poised to unfold, ushering in a 
new era of connectivity and communication excellence.
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