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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, innovations continue to 
push the boundaries of what’s possible. One such ground-breaking advancement is the 
rotating permanent magnet-based mechanical antenna. This ingenious device combines 
the principles of electromagnetism and mechanical engineering to deliver unprecedented 
performance and versatility in antenna design. In this article, we explore the intricacies 
of this remarkable technology, its applications, and its potential to reshape the future of 
wireless communication.
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Understanding the Rotating Permanent Magnet-Based 
Mechanical Antenna:

At its core, the rotating permanent magnet-
based mechanical antenna harnesses the power of 
electromagnetism and mechanical motion to achieve 
dynamic antenna characteristics. Unlike traditional fixed 
antennas, this design incorporates a rotating permanent 
magnet element that allows for real-time manipulation 
of the antenna’s properties, including radiation pattern, 
polarization, and frequency response.Rotating permanent 
magnet-based mechanical antennas represent a unique 
approach to achieving beam steering and directional 
radiation patterns in antenna systems. These antennas 
utilize the physical rotation of a permanent magnet to 
control the orientation of the radiating element, thereby 
enabling dynamic beam steering capabilities without the 
need for complex electronic circuitry.[1-23]

At the heart of these antennas is a permanent magnet 
mounted on a rotating mechanism, typically driven by an 
external motor or actuator. The rotation of the magnet 
induces changes in the magnetic field around the antenna, 
altering the directionality of the radiated electromagnetic 
waves. By controlling the rotation angle and speed of the 
magnet, the antenna can dynamically adjust its radiation 
pattern to track moving targets, mitigate interference, or 
optimize communication links as shown in Fig. 1.

Fig. 1: Rotating permanent magnet-based  
mechanical antennas

One of the key advantages of rotating permanent 
magnet-based mechanical antennas is their simplicity and 
robustness compared to electronically steerable antennas. 
They require minimal electronic components and can 
operate reliably in harsh environmental conditions, 
making them suitable for applications in aerospace, 
maritime, and terrestrial communication systems.

However, these antennas also have limitations, including 
limited angular resolution and slower beam steering 
speeds compared to electronic phased array antennas. 
Additionally, mechanical wear and fatigue may affect 
long-term reliability, requiring maintenance and periodic 
calibration.
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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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Despite these challenges, rotating permanent magnet-
based mechanical antennas offer a promising solution 
for achieving beam steering and directional radiation 
in situations where electronic steering is impractical 
or cost-prohibitive. Ongoing research and development 
efforts aim to improve the performance and reliability of 
these antennas, making them a viable option for a wide 
range of communication, radar, and sensing applications 
in the future.

Principles of Operation:

The operation of the rotating permanent magnet-based 
mechanical antenna revolves around the interaction 
between electromagnetic fields and mechanical motion. 
The antenna’s design typically features a permanent 
magnet mounted on a rotating mechanism, which can 
be controlled either manually or through automated 
means .[24-45] By varying the orientation and speed of the 
rotating magnet, the antenna can dynamically adjust 
its radiation pattern and other performance parameters 
to suit specific communication requirements. Rotating 
permanent magnet-based mechanical antennas operate 
on the principle of manipulating electromagnetic fields 
through the physical rotation of a permanent magnet. 
The antenna system typically consists of a radiating 
element, a support structure, and a rotating mechanism 
housing the permanent magnetas shown in Fig. 2.

The permanent magnet is mounted on a rotating 
platform or arm, allowing it to spin about an axis. As 
the magnet rotates, it generates a magnetic field that 
interacts with the surrounding electromagnetic fields 
produced by the radiating element. This interaction 
influences the directionality and polarization of the 
radiated electromagnetic waves, effectively steering 
the antenna’s beam.

The rotation of the permanent magnet alters the 
orientation of the magnetic field lines, which in turn 
affects the phase and amplitude of the electromagnetic 

waves emitted by the antenna. By controlling the 
rotation angle and speed of the magnet, the antenna 
can dynamically adjust its radiation pattern, focusing 
energy in specific directions or scanning a wide area.

The principles of operation for rotating permanent 
magnet-based mechanical antennas are governed by 
fundamental electromagnetic theory, including Maxwell’s 
equations and the Lorentz force law. These principles 
describe the interaction between electric and magnetic 
fields and the resulting propagation of electromagnetic 
waves.

Rotating permanent magnet-based mechanical antennas 
offer advantages such as simplicity, reliability, and 
robustness compared to electronically steerable 
antennas. They require minimal electronic components 
and can operate in harsh environmental conditions 
without the need for complex control systems. However, 
they also have limitations, including slower beam steering 
speeds and mechanical wear over timeas shown in Fig. 3.

Overall, the principles of operation underlying rotating 
permanent magnet-based mechanical antennas provide 
a promising avenue for achieving dynamic beam 
steering and directional radiation in a wide range of 
communication, radar, and sensing applications. Ongoing 
research aims to further refine and optimize these 
antennas for enhanced performance and versatility in 
diverse operational environments.

Key Components

1.Permanent Magnet

The heart of the antenna is the permanent magnet, which 
generates a magnetic field that interacts with incoming 

Fig. 2: Principles of Operation Fig. 3: Key mechanism
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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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and outgoing electromagnetic waves. The magnet’s 
orientation relative to the antenna structure determines 
the antenna’s characteristics, such as polarization and 
directionality.[46-49]

2. Rotating Mechanism

A precision-engineered rotating mechanism enables 
controlled movement of the permanent magnet. 
This mechanism may utilize gears, motors, or other 
mechanical components to achieve smooth and precise 
rotation, allowing for fine-tuning of the antenna’s 
propertiesas shown in Fig. 4.

3. Antenna Structure

The antenna structure provides the framework for 
mounting and supporting the rotating magnet. It is 
designed to optimize electromagnetic coupling and 
ensure mechanical stability during operation.[50-52]

Applications of Rotating Permanent Magnet-Based 
Mechanical Antennas

The versatility and adaptability of rotating permanent 
magnet-based mechanical antennas make them well-
suited for a wide range of applications across various 
industries:

 Z Wireless Communication Systems: These antennas 
offer enhanced performance and flexibility in 
wireless communication systems, including cellular 
networks, satellite communication, and IoT devices. 
Their ability to dynamically adjust radiation patterns 
enables optimized signal coverage and improved link 
reliabilityas shown in Fig. 5.[54-57]

 Z Radar Systems: In radar applications, rotating 
permanent magnet-based mechanical antennas can 
be used to steer the radar beam, scan the surrounding 
environment, and track moving targets. Their agile 
beam steering capabilities make them invaluable for 
military surveillance, weather monitoring, and air 
traffic control.[58-61]

 Z Radio Astronomy: In radio astronomy, where 
precise antenna pointing is essential for observing 
celestial objects, rotating permanent magnet-based 
mechanical antennas provide an efficient means of 

Fig. 4: Key components

Fig. 5: Rotating Permanent Magnet-Based Mechanical 
Antennas field generation
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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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scanning the sky and capturing faint signals from 
distant galaxies and cosmic phenomena.

 Z Remote Sensing: In remote sensing applications, 
such as environmental monitoring and Earth 
observation, these antennas enable agile 
beamforming and adaptive sensing, allowing for 
targeted data collection and analysis over large 
geographical areas.

Challenges and Future Directions

While rotating permanent magnet-based mechanical 
antennas offer significant advantages, they also present 
certain challenges, including mechanical complexity, 
power consumption, and reliability considerations.[62-69]  
Addressing these challenges will require ongoing 
research and development efforts to optimize design 
methodologies, enhance mechanical robustness, and 
minimize energy consumption.Rotating permanent 
magnet-based mechanical antennas offer unique 
capabilities for dynamic beam steering and directional 
radiation, but they also present several challenges and 
opportunities for future development.

One challenge is the mechanical complexity and 
potential wear associated with the rotating mechanism. 
Continuous rotation may lead to mechanical fatigue 
and decreased reliability over time, requiring regular 
maintenance and monitoring to ensure optimal 
performance. Future research could focus on developing 
more robust and durable rotating mechanisms, possibly 
leveraging advancements in materials science and 
engineeringas shown in Fig. 6.

Another challenge is achieving precise control and 
synchronization of the rotating magnet to accurately 

steer the antenna beam. This requires sophisticated 
control algorithms and feedback mechanisms to adjust 
rotation speed, direction, and angle in real-time. 
Improvements in control systems and sensor technology 
could enhance the accuracy and responsiveness 
of rotating permanent magnet-based mechanical 
antennas, enabling finer beam steering and tracking 
capabilities.

Furthermore, the limited bandwidth and efficiency of 
rotating permanent magnet-based mechanical antennas 
pose constraints on their practical implementation in 
wideband and high-speed communication systems [70]-
[73]. Future research could explore innovative designs 
and materials to broaden the operating frequency range 
and improve overall antenna performanceas shown in 
Fig. 7.

Despite these challenges, rotating permanent magnet-
based mechanical antennas hold promise for various 
applications, including satellite communication, radar 
systems, and wireless networks. Their simplicity, 
reliability, and cost-effectiveness make them 
attractive alternatives to electronically steerable 
antennas, especially in harsh environmental conditions 
where electronic components may be susceptible to  
damage.

Looking ahead, advancements in electromechanical 
systems, materials science, and control algorithms are 
expected to drive significant improvements in rotating 
permanent magnet-based mechanical antennas. By 
addressing current challenges and exploring new 
avenues for innovation, these antennas have the 
potential to become indispensable tools for dynamic 
beamforming and directional radiation in future wireless 
communication and sensing systems.

Fig. 6: Variation of distance and B-field Fig. 7: Time spectrum of PMMA
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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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Conclusions

In conclusion, rotating permanent magnet-based 
mechanical antennas represent a promising approach 
to achieving dynamic beam steering and directional 
radiation in various communication, radar, and sensing 
applications. These antennas leverage the physical 
rotation of a permanent magnet to manipulate 
electromagnetic fields, offering simplicity, reliability, and 
cost-effectiveness compared to electronically steerable 
alternatives. Despite facing challenges such as mechanical 
wear, limited bandwidth, and control complexity, ongoing 
research and development efforts are poised to address 
these issues and unlock the full potential of rotating 
permanent magnet-based mechanical antennas. With 
advancements in materials science, electromechanical 
systems, and control algorithms, these antennas are 
expected to become increasingly versatile and practical 
for diverse operational environments. As such, they hold 
promise for enabling seamless connectivity, improved 
coverage, and enhanced performance in future wireless 
communication networks, satellite systems, and radar 
applications. Overall, rotating permanent magnet-
based mechanical antennas represent a compelling 
solution for dynamic beamforming and directional 
radiation, shaping the future of antenna technology and 
facilitating the advancement of wireless communication 
systems.Rotating permanent magnet-based mechanical 
antennas holds tremendous promise for advancing 
wireless communication capabilities and enabling new 
applications across diverse domains. As researchers, 
engineers, and innovators continue to explore the 
potential of this transformative technology, we can 
expect to see further breakthroughs that push the 
boundaries of what’s possible in the realm of wireless 
connectivity and communication. With their ability to 
dynamically adapt to changing communication needs and 
environmental conditions, rotating permanent magnet-
based mechanical antennas are poised to play a pivotal 
role in shaping the future of wireless communication in 
the digital age.

Reference

1. Bickford, James A., et al. “Low frequency mechanical an-
tennas: Electrically short transmitters from mechanical-
ly-actuated dielectrics.” 2017 IEEE International Sympo-
sium on Antennas and Propagation & USNC/URSI National 
Radio Science Meeting. IEEE, 2017. 

2. Manteghi, Majid. “A navigation and positining system for 
unmanned underwater vehicles based on a mechanical 

antenna.” 2017 IEEE International Symposium on Anten-
nas and Propagation & USNC/URSI National Radio Science 
Meeting. IEEE, 2017. 

3. Weldon, J., K. Jensen, and A. Zettl. “Nanomechanical ra-
dio transmitter.” physica status solidi (b) 245.10 (2008): 
2323-2325.

4. Liu, X. J., “A kind of antenna,” patent num. ZL 
200920105671.9. 

5. Madanayake, A., et al. “Energy-efficient ULF/VLF trans-
mitters based on mechanically-rotating dipoles.” 2017 
Moratuwa Engineering Research Conference (MERCon). 
IEEE, 2017. 

6. Prasad, MN Srinivas, Yikun Huang, and Yuanxun Ethan 
Wang. “Going beyond Chu harrington limit: ULF radia-
tion with a spinning magnet array.” 2017 XXXIInd General 
Assembly and Scientific Symposium of the International 
Union of Radio Science (URSI GASS). IEEE, 2017. 

7. Selvin, Skyler, et al. “Spinning magnet antenna for VLF 
transmitting.” 2017 IEEE International Symposium on An-
tennas and Propagation & USNC/URSI National Radio Sci-
ence Meeting. IEEE, 2017. 

8. Sojdehei, John J., Paul N. Wrathall, and Donald F. Dinn. 
“Magneto-inductive (MI) communications.” MTS/IEEE 
Oceans 2001. An Ocean Odyssey. Conference Proceedings 
(IEEE Cat. No. 01CH37295). Vol. 1. IEEE, 2001. 

9. Sun, Zhi, and Ian F. Akyildiz. “Magnetic induction commu-
nications for wireless underground sensor networks.” IEEE 
transactions on antennas and propagation 58.7 (2010): 
2426-2435. 

10. Ravaud, R., et al. “Cylindrical magnets and coils: Fields, 
forces, and inductances.” IEEE Transactions on Magnet-
ics 46.9 (2010): 3585-3590. 

11. Ciric, I. R. “New models for current distributions and scalar 
potential formulations of magnetic field problems.” Jour-
nal of applied physics 61.8 (1987): 2709-2717.

12. ZORPETTE, G., ABDULKADIR SENGUR, and JOSEPH E. UR-
BAN. “Technological Improvements in the Green Technol-
ogy and its consequences.” International Journal of com-
munication and computer Technologies 11.2 (2023): 1-6.

13. SRIMUANG, CHATIPOT, and P. DOUNGMALA. “Autonomous 
Flying Drones: Agricultural supporting equipment.” Inter-
national Journal of communication and computer Technol-
ogies 11.2 (2023): 7-12.

14. Rasanjani, Chandrakumar, Anuradha K. Madugalla, and 
Manthila Perera. “Fundamental Digital Module Realization 
Using RTL Design for Quantum Mechanics.” Journal of VLSI 
circuits and systems 5.02 (2023): 1-7.

15. Al-Yateem, Nabeel, Leila Ismail, and M. Ahmad. “Digital 
Filter based Adder Module Realization High-Speed Switch-
ing Functions.” Journal of VLSI circuits and systems 5.02 
(2023): 8-14.


