
National Journal of Antennas and Propagation, ISSN 2582-2659 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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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 dynamic landscape of wireless communication, the quest for adaptability, efficiency, 
and flexibility has led to the development of wirelessly reconfigurable antennas. These 
antennas offer the capability to adjust their properties, such as frequency, radiation 
pattern, polarization, and impedance, dynamically in response to changing environmental 
conditions, user requirements, or system demands. In this comprehensive exploration, we 
delve into the intricacies of wirelessly reconfigurable antennas, their design principles, 
applications across various industries, and the transformative innovations they herald in 
the realm of wireless communication.
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Understanding Wirelessly Reconfigurable Antennas

Wirelessly reconfigurable antennas are a class of adaptive 
antennas designed to adjust their operating parameters 
without physical intervention. Unlike traditional 
fixed antennas, which have static characteristics, 
reconfigurable antennas utilize advanced technologies 
such as tunable components, switchable networks, and 
electronically controlled materials to dynamically alter 
their performance characteristics. By leveraging these 
technologies, wirelessly reconfigurable antennas can 
optimize their performance to adapt to changing operating 
conditions, interference environments, or communication 
requirements.[1-14] Wirelessly reconfigurable antennas are 
a class of antennas that offer dynamic adjustment of their 
electromagnetic properties without the need for physical 
manipulation. These antennas enable remote control 
and adaptation of key parameters such as frequency, 
radiation pattern, polarization, and impedance, providing 
versatility and adaptability in wireless communication 
systems as in Fig. 1.

One of the primary advantages of wirelessly reconfigurable 
antennas is their ability to adapt to changing operating 
conditions and communication requirements in real-
time. By integrating electronic or electromechanical 
components into the antenna structure, these antennas 
can be remotely controlled or programmed to adjust 
their performance characteristics based on factors such 

as environmental conditions, interference sources, 
or user preferences.[15-22] Wirelessly reconfigurable 
antennas can be realized using various techniques, 
including electronically tunable components such as 
varactors, MEMS switches, or PIN diodes. By varying the 
electrical properties of these components, the antenna’s 
performance can be dynamically altered to meet specific 
application needs. Additionally, metamaterials and 
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Fig. 1: Schematics of the proposed  
reconfigurable 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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reconfigurable structures offer alternative approaches 
to achieving dynamic control over electromagnetic 
waves, enabling advanced functionalities such as beam 
steering, polarization control, and frequency agilityas in 
Fig. 2.

Applications of wirelessly reconfigurable antennas 
span a wide range of fields, including wireless 
communication, radar systems, satellite communication, 
IoT devices, and smart infrastructure. These antennas 
are particularly well-suited for dynamic and agile 
communication systems, where adaptability and 
flexibility are essential for optimizing performance and 
ensuring reliable connectivity [23]-[31].In summary, 
wirelessly reconfigurable antennas represent a 
significant advancement in antenna technology, offering 
unprecedented flexibility, adaptability, and performance 
in wireless communication systems. As the demand for 
agile and intelligent communication systems continues 
to grow, wirelessly reconfigurable antennas are poised to 
play a crucial role in enabling transformative applications 
and driving innovation in various industries.

Design Principles

The design of wirelessly reconfigurable antennas 
involves several key considerations to achieve optimal 
performance and versatility:

1. Tunable Components: Reconfigurable antennas 
often incorporate tunable components such as 
varactors, MEMS (Micro-Electro-Mechanical Systems), 
or liquid crystals to dynamically adjust their 
electrical properties, such as resonance frequency 
or impedance matching. These tunable components 
enable fine-tuning of antenna parameters to optimize 
performance across different operating conditions or 
frequency bands.Tunable components are electronic 
devices or elements whose electrical properties can 
be dynamically adjusted or varied in response to 
external stimuli. These components play a crucial 

role in modern electronics, enabling flexibility, 
adaptability, and optimization of performance in a 
wide range of applications.

One common type of tunable component is the varactor 
diode, which exhibits a variable capacitance depending 
on the applied voltage. Varactors are widely used in 
frequency-tuning circuits, voltage-controlled oscillators, 
and voltage-controlled filters in RF and microwave 
systems, enabling precise frequency tuning and agile 
signal processingas in Fig. 3.

Another important class of tunable components includes 
MEMS (Micro-Electro-Mechanical Systems) devices, 
which are microscopic mechanical structures integrated 
with electronic circuits. MEMS devices can change 
their mechanical or electrical properties in response 
to external stimuli, such as voltage, pressure, or 
temperature. These devices find applications in tunable 
capacitors, resonators, switches, and filters, offering 
high performance and reliability in compact, low-power 
designs.[32-44]

Additionally, tunable components encompass ferro-
electric materials, liquid crystals, and piezoelectric 
devices, among others, which exhibit tunable electrical, 
optical, or mechanical properties that can be controlled 
by external fields or forces. These components enable 
innovative functionalities in electronic devices, sensors, 
actuators, and communication systems, supporting 
advancements in wireless communication, imaging, 
sensing, and beyond. Overall, tunable components play a 
vital role in enabling dynamic and adaptive electronics, 
driving innovation and shaping the future of technology.

2. Switchable Networks: Reconfigurable antennas may 
feature switchable networks, such as PIN diode or 
RF-MEMS switches, to alter the antenna’s radiation 
pattern, polarization, or radiation efficiency. By 
selectively activating or deactivating specific 

Fig. 2: Frequency reconfigurable antenna

Fig. 3: S and C Bands
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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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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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antenna elements or feeding structures, switchable 
networks enable rapid reconfiguration of antenna 
characteristics to meet changing communication 
requirements.Switchable networks refer to circuits 
or systems that can dynamically alter their electrical 
characteristics, connectivity, or functionality 
based on external control signals. These networks 
typically incorporate electronic switches or tunable 
components that can change their states or 
properties in response to specific stimuli, such as 
voltage, current, or electromagnetic fields.

One common application of switchable networks is in RF 
and microwave systems, where reconfigurable antennas 
and filters enable dynamic control over frequency bands, 
radiation patterns, and impedance matching. By switching 
between different configurations, these networks 
can adapt to changing communication requirements, 
interference conditions, or environmental factors, 
improving performance and reliabilityas in Fig. 4.

Switchable networks also find applications in electronic 
circuits, where reconfigurable components such as switches, 
varactors, and MEMS devices enable dynamic routing, 
impedance matching, and signal conditioning. These networks 
are used in RF switches, phase shifters, variable capacitors, 
and tunable filters, among other devices, enabling flexible and 
adaptive circuit designs for wireless communication, radar, 
and sensing applications.[45-51]

Moreover, switchable networks are employed in smart 
grid systems, where reconfigurable power distribution 
networks enable dynamic routing and optimization of 
electricity flow based on demand, availability, and cost. 
By switching between different network configurations, 
these systems can improve efficiency, reliability, and 
resilience in power distribution networks, supporting 
the integration of renewable energy sources, demand 
response programs, and grid optimization strategies.

3. Electronically Controlled Materials:  Advanced 
materials with tunable electromagnetic properties, 
such as liquid crystal polymers or metamaterials, 
can be integrated into reconfigurable antennas to 
achieve dynamic control over antenna performance. 
These electronically controlled materials enable 
manipulation of antenna properties, such as 
refractive index, permittivity, or permeability, 
leading to enhanced functionality and adaptability.
Electronically controlled materials refer to 
substances whose properties can be dynamically 
manipulated using external electrical stimuli. These 
materials exhibit a range of unique characteristics, 
such as tunable conductivity, permittivity, 
permeability, and mechanical properties, which can 

be adjusted in real-time or near-real-time to meet 
specific application requirements.[52-53]

One of the most common types of electronically 
controlled materials is ferroelectric materials, which 
exhibit spontaneous electric polarization that can be 
switched reversibly by applying an external electric field. 
These materials find applications in electronic devices, 
sensors, actuators, and memory devicesas in Fig. 5.

Another class of electronically controlled materials is 
liquid crystal materials, which can change their optical 
properties in response to an applied electric field. 
Liquid crystal displays (LCDs) are a well-known example 
of this type of material, used in numerous electronic 
devices such as televisions, computer monitors, and 
smartphones.

Additionally, there are electronically controlled meta-
materials, which are engineered materials with unique 
electromagnetic properties that can be adjusted by 
applying external electrical signals. These materials 
enable innovative functionalities such as cloaking, 
negative refraction, and subwavelength imaging, with 
applications in antennas, sensors, and imaging systems.

Overall, electronically controlled materials offer unprecedented 
opportunities for developing advanced electronic, optical, and 
electromagnetic devices with tunable properties, paving the 
way for innovative applications in communications, imaging, 
sensing, and beyond.

Applications of Wirelessly Reconfigurable Antennas

Wirelessly reconfigurable antennas find diverse 
applications across various industries and domains, 
offering unparalleled flexibility and adaptability:

Fig. 5:  Electronically controlled 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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1. Wireless Communication Systems

Reconfigurable antennas are widely used in wireless 
communication systems, including cellular networks, Wi-Fi 
routers, and IoT (Internet of Things) devices. By dynamically 
adjusting their operating parameters, such as frequency 
band, radiation pattern, or polarization, reconfigurable 
antennas can optimize signal coverage, capacity, and 
reliability in diverse communication scenarios. These 
antennas enable seamless connectivity, improved network 
performance, and enhanced user experience in mobile, 
fixed, and IoT applicationsas in Fig. 6.

2. Cognitive Radio and Spectrum Sharing

Reconfigurable antennas play a crucial role in cognitive 
radio systems and spectrum sharing networks, where 
dynamic spectrum access and efficient spectrum 
utilization are paramount. By adapting their operating 
frequency or bandwidth to match available spectrum 
resources, reconfigurable antennas enable opportunistic 
spectrum access, interference mitigation, and spectrum 
sharing among multiple users or services. These antennas 
facilitate dynamic allocation of spectrum resources, 
improving spectral efficiency and maximizing spectrum 
utilization in cognitive radio networks.

3. Radar and Remote Sensing

Reconfigurable antennas are utilized in radar systems and 
remote sensing applications for adaptive beamforming, 
target tracking, and environmental monitoring. By 
dynamically adjusting their radiation pattern, scanning 
direction, or polarization, reconfigurable antennas 
enable agile radar operation, enhanced detection 
capabilities, and improved resolution in surveillance, 
reconnaissance, and weather sensing applications. These 
antennas support real-time adaptation to changing 
environmental conditions and mission requirements, 
providing valuable insights and situational awareness 

in defense, aerospace, and environmental monitoring 
applications.

4. Satellite Communication and Ground Stations

Reconfigurable antennas are employed in satellite 
communication systems and ground stations for flexible 
satellite tracking, beam steering, and signal reception. By 
reconfiguring their radiation pattern or beam direction, 
reconfigurable antennas enable seamless communication 
with moving satellites, high-gain signal reception, and 
adaptive coverage in satellite networks. These antennas 
support satellite tracking, orbit determination, and 
satellite ground station operations, facilitating reliable 
and efficient communication links in satellite-based 
applications such as telecommunication, broadcasting, 
and earth observation.

5. Wireless Sensor Networks and IoT

Reconfigurable antennas are integrated into wireless 
sensor networks and IoT devices for adaptive sensing, data 
collection, and communication in diverse environments. 
By adjusting their operating frequency, radiation pattern, 
or polarization, reconfigurable antennas optimize signal 
coverage, energy efficiency, and communication range 
in sensor networks deployed in smart cities, industrial 
automation, environmental monitoring, and healthcare. 
These antennas enable efficient data exchange, 
seamless connectivity, and autonomous operation in IoT 
ecosystems, facilitating real-time monitoring, control, 
and decision-making in IoT applications.

Innovations and Future Directions:

As the demand for wirelessly reconfigurable antennas 
continues to grow, ongoing research and development 
efforts are focused on advancing antenna design, 
materials, and technologies to unlock new capabilities 
and applications:

1. Miniaturization and Integration

Future reconfigurable antennas will be characterized 
by smaller form factors, higher integration levels, and 
enhanced functionality, enabling seamless integration 
into compact and portable devices such as smartphones, 
wearables, and IoT sensors. Miniaturized reconfigurable 
antennas will offer greater design flexibility, reduced 
footprint, and improved performance, expanding the range 
of applications and deployment scenariosas in Fig. 7.

2. Dynamic Multi-Beam Operation

Emerging reconfigurable antennas will support 
dynamic multi-beam operation, allowing simultaneous Fig. 6: Flexible and Pattern Reconfigurable Antenna
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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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transmission or reception of multiple beams with 
independent characteristics, such as direction, 
polarization, or frequency. These antennas will enable 
adaptive beamforming, spatial multiplexing, and 
interference suppression in multi-user, multi-service, 
and multi-frequency communication systems, enhancing 
spectral efficiency, capacity, and coverage in next-
generation wireless networks.

3.  Metamaterials and Electromagnetic Bandgap 
Structures

Advancements in metamaterials and electromagnetic 
bandgap (EBG) structures will enable novel reconfigurable 
antenna designs with unique electromagnetic properties, 
such as negative refractive index, dispersion engineering, 
and wave manipulation. These metamaterial-based 
antennas will offer unprecedented control over 
antenna performance, enabling exotic functionalities 
such as cloaking, lensing, and wavefront manipulation 
for advanced communication, sensing, and imaging 
applications.

4. Machine Learning and Adaptive Optimization:

Integration of machine learning algorithms and adaptive 
optimization techniques will enable autonomous and 
intelligent reconfiguration of antennas based on real-
time environmental sensing, system feedback, and user 
preferences. Machine learning-enabled reconfigurable 
antennas will adaptively optimize their operating 
parameters, such as radiation pattern, frequency allocation, 
and power allocation, to maximize performance, minimize 
interference, and adapt to changing communication 
conditions in dynamic and unpredictable environments.

Quantum and Terahertz Reconfigurable Antennas

Exploration of quantum-inspired and terahertz 
reconfigurable antennas will push the boundaries of 

conventional antenna design, enabling ultra-fast, 
ultra-high-frequency communication systems with 
unprecedented bandwidth, data rates, and spectral 
efficiency. Quantum-inspired antennas will exploit 
quantum effects such as entanglement, superposition, 
and tunneling to achieve quantum-enhanced 
communication and sensing capabilities, while terahertz 
antennas will operate at terahertz frequencies, 
enabling ultra-high-speed wireless communication, 
imaging, and spectroscopy applications.Quantum and 
terahertz reconfigurable antennas represent cutting-
edge advancements in antenna technology, offering 
unprecedented flexibility and adaptability in wireless 
communication systems [35]. Leveraging principles 
from quantum mechanics and terahertz science, these 
antennas enable dynamic control and manipulation 
of electromagnetic waves, leading to enhanced 
performance and functionality in diverse applicationsas 
in Fig. 8.

One key aspect of quantum and terahertz reconfigurable 
antennas is their ability to dynamically adjust their 
electromagnetic properties, such as frequency, 
polarization, radiation pattern, and impedance, in 
real-time or near-real-time. This flexibility allows for 
adaptive tuning of antenna parameters to optimize 
performance in changing operating conditions, such as 
varying environmental factors, interference sources, or 
communication requirements.

Quantum-inspired techniques, such as quantum-
dot-based materials or quantum tunneling devices, 
offer novel approaches to reconfigurable antenna 
design by exploiting quantum phenomena to control 
electromagnetic wave propagation. These techniques 
enable ultra-compact and energy-efficient antennas with 
unparalleled performance metrics, including wideband 
operation, low loss, and high radiation efficiency.

Similarly, terahertz reconfigurable antennas leverage 
the unique properties of terahertz frequencies, which 
lie between the microwave and infrared regions of 
the electromagnetic spectrum, to enable high-speed 
data transmission, imaging, and sensing applications. 
By dynamically manipulating terahertz waves using 
metamaterials, phase shifters, or tunable materials, 
these antennas offer unprecedented flexibility in 
controlling electromagnetic fields and achieving precise 
beam steering, polarization control, and frequency 
agility.

Applications of quantum and terahertz reconfigurable 
antennas span a wide range of fields, including wireless 
communication, radar systems, imaging and sensing, 
medical diagnostics, and security screening. These 

Fig. 7:  5 Pattern or polarization  
reconfigurable antennas
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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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antennas have the potential to revolutionize wireless 
technologies, enabling faster data rates, improved 
signal integrity, and enhanced spatial resolution in 
communication and sensing systems.

QSuantum and terahertz reconfigurable antennas 
represent a paradigm shift in antenna design, offering 
unparalleled flexibility, adaptability, and performance 
in wireless communication systems. As research in 
quantum mechanics and terahertz science continues 
to advance, these antennas hold promise for enabling 
transformative applications and driving innovation in 
various industries.

Conclusion

In conclusion, wirelessly reconfigurable antennas 
represent a transformative paradigm in wireless 
communication, offering unparalleled adaptability, 
efficiency, and versatility across a wide range of 
applications and industries. From wireless communication 
systems and radar applications to IoT devices and 
satellite communication, reconfigurable antennas 
enable dynamic optimization, adaptive operation, 
and seamless integration in diverse environments and 
scenarios. As research and innovation continue to propel 
the field forward, wirelessly reconfigurable antennas 
hold the promise of unlocking new frontiers in wireless 
communication, enabling transformative applications 
and shaping the future of connectivity in the digital  
age.
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