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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

Nature has long served as a source of inspiration for human innovation. Bio-inspired design, 
which draws inspiration from biological systems and processes, has led to breakthroughs in 
various fields, including engineering and technology. In the realm of antenna design, bio-
inspired approaches have sparked interest in creating efficient, lightweight, and versatile 
antennas. This comprehensive review explores the principles, design methodologies, 
fabrication techniques, applications, and future directions of bio-inspired printed 
monopole antennas, highlighting their potential to revolutionize wireless communication 
systems and beyond.
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Introduction to Bio-Inspired Antenna Design

Nature is replete with examples of efficient and 
optimized structures that have evolved over 
millions of years to perform specific functions. Bio-
inspired antenna design seeks to emulate these 
natural structures and processes to create antennas 
with enhanced performance, adaptability, and 
functionality. By drawing inspiration from biological 
systems such as plants, animals, and insects, bio-
inspired antennas leverage the principles of evolution, 
biomimicry, and biologically inspired algorithms 
to achieve innovative designs and capabilities.[1-16]  
Bio-inspired antenna design draws inspiration from 
nature to develop antennas with unique properties 
and functionalities as in Fig. 1. By mimicking biological 
structures and phenomena found in nature, engineers 
can create antennas that exhibit enhanced performance, 
adaptability, and efficiency. Here are some key aspects 
of bio-inspired antenna design:

1. Morphology

Bio-inspired antennas often replicate the structural 
features and shapes found in living organisms. For 
example, antennas inspired by insect wings, bird 
feathers, or plant leaves may exhibit intricate 
geometries, fractal patterns, or hierarchical structures.
[12-21] These morphological characteristics can enhance 

antenna performance by optimizing radiation properties, 
bandwidth, and efficiency.

2. Biomaterials

Bio-inspired antennas may utilize biomaterials or 
biocompatible materials to mimic the properties of 
natural tissues or structures. Biomaterials such as 
chitin, collagen, or cellulose offer unique mechanical, 
electrical, and optical properties that can be exploited 
to enhance antenna performance. By incorporating 
biomaterials into antenna designs, engineers can create 
lightweight, flexible, and environmentally friendly 
antennas with novel functionalities as in Fig. 2.
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Fig. 1: Bio-inspired Printed Monopole 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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Fig. 2: Bio-Inspired Microstrip Antenna

3. Biomechanics

Bio-inspired antennas may leverage principles of 
biomechanics to achieve adaptive or reconfigurable 
behavior. For example, antennas inspired by the 
musculoskeletal systems of animals or plants may 
exhibit shape-changing or self-healing capabilities. By 
integrating smart materials or actuators into antenna 
structures, engineers can create antennas capable of 
dynamically adjusting their shape, size, or configuration 
in response to changing environmental conditions or 
signal requirements.

24. Sensing and Communication

Bio-inspired antennas can be designed to emulate 
sensory organs or communication structures found 
in nature. For example, antennas inspired by animal 
ears or antennae may exhibit directional sensitivity or 
selective filtering capabilities. These antennas can be 
used for applications such as direction finding, signal 
amplification, or environmental sensing as in Fig. 3.

5. Evolutionary Optimization 

Bio-inspired antenna design may also draw inspiration 
from evolutionary principles to optimize antenna 
performance. Evolutionary algorithms such as genetic 
algorithms or swarm intelligence algorithms can be used 

to iteratively design and optimize antenna structures 
based on natural selection principles. By mimicking the 
process of genetic variation, mutation, and selection, 
engineers can discover novel antenna configurations and 
solutions that outperform traditional designs.

Overall, bio-inspired antenna design offers a promising 
avenue for innovation in antenna technology, enabling the 
development of antennas with enhanced performance, 
adaptability, and efficiency. By leveraging principles 
from nature, engineers can create antennas that push 
the boundaries of traditional design constraints and 
open up new possibilities for wireless communication, 
sensing, and beyond.[13-21]

Principles of Printed Monopole Antennas

Printed monopole antennas are a popular class of 
antennas known for their simplicity, compactness, and 
ease of fabrication. These antennas typically consist 
of a conducting radiating element, such as a metal 
patch or strip, printed on a dielectric substrate, with 
a ground plane located on the opposite side of the 
substrate. Printed monopole antennas are widely used 
in various wireless communication systems due to 
their omnidirectional radiation pattern, broadband 
characteristics, and compatibility with printed circuit 
board (PCB) technologies.[18-23] Printed monopole 
antennas are a type of antenna commonly used in 
various wireless communication applications due to their 
simplicity, low profile, and ease of fabrication. They are 
often implemented on printed circuit boards (PCBs) using 
conductive traces to create a simple radiating element. 
Here are the key principles behind printed monopole 
antennas as in Fig. 4:

1. Structure

A printed monopole antenna typically consists of a 
single radiating element, which is usually printed on one 
side of a dielectric substrate. The radiating element is 
usually in the form of a straight or folded conductive 
trace, with one end connected to the signal feedline 
and the other end left open or terminated with a ground 
plane. The substrate material and dimensions of the 

Fig. 3: Bio-Inspired Microstrip Antenna Fig. 4: Bio-inspired Printed Monopole Antenna
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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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radiating element determine the operating frequency 
and performance characteristics of the antenna.

2. Ground Plane

The ground plane of a printed monopole antenna 
serves as the other half of the antenna structure and 
plays a crucial role in shaping the radiation pattern 
and impedance matching. The ground plane is usually 
located on the opposite side of the substrate from the 
radiating element and is typically larger in size to provide 
adequate ground plane coverage. The ground plane helps 
to establish a reference point for the antenna’s radiation 
and serves as a mirror image to the radiating element.

3. Radiation Mechanism

The printed monopole antenna radiates electromagnetic 
waves primarily due to the alternating current flowing 
through the radiating element. As the current flows along 
the conductive trace, it generates electromagnetic fields 
that propagate away from the antenna structure. The 
length and shape of the radiating element determine 
the resonant frequency and radiation pattern of the 
antenna.

4. Resonant Frequency

The resonant frequency of a printed monopole antenna 
is determined by the physical length of the radiating 
element and the dielectric properties of the substrate 
material. Typically, the length of the radiating element 
is chosen to be approximately one-quarter wavelength at 
the desired operating frequency to achieve resonance. 
By adjusting the dimensions of the radiating element 
and the substrate material, the resonant frequency of 
the antenna can be tuned to match the frequency of the 
desired application as in Fig. 5.

5. Performance Characteristics 

Printed monopole antennas offer several advantages, 
including compact size, low cost, and ease of integration 

with other components on a PCB. They exhibit 
omnidirectional radiation patterns in the azimuth plane 
and have impedance bandwidths suitable for a wide range 
of wireless communication applications. Additionally, 
printed monopole antennas can be easily customized and 
optimized using computer-aided design (CAD) tools to 
meet specific performance requirements.[24-33]

Bio-Inspired Approaches in Antenna Design

Bio-inspired antenna design draws inspiration from 
diverse biological systems and phenomena to create 
antennas with unique capabilities and characteristics:

 Z Morphological Adaptation: Bio-inspired antennas 
mimic the morphological features and structures 
found in nature to achieve specific antenna 
properties, such as broadband performance, 
multiband operation, and adaptive functionality. 
Examples include fractal antennas inspired by self-
similar patterns in nature, and spiral antennas 
inspired by the Fibonacci sequence and natural 
spirals observed in shells and galaxies.

 Z Behavioral Adaptation: Bio-inspired antennas 
emulate the behavioral strategies and mechanisms 
observed in biological systems to enhance antenna 
performance, resilience, and adaptability. Examples 
include swarm intelligence algorithms inspired by 
collective behavior in social insects, and genetic 
algorithms inspired by evolutionary processes 
in nature, which are used to optimize antenna 
parameters and designs for specific objectives.

 Z Material Properties:Bio-inspired antennas leverage 
the unique material properties found in biological 
tissues, structures, and organisms to enhance 
antenna performance and functionality. Examples 
include metamaterial-inspired antennas that mimic 
the electromagnetic properties of natural materials, 
and biocompatible antennas fabricated using 
bioresorbable materials for biomedical applications.

Bio-inspired approaches in antenna design involve drawing 
inspiration from biological systems and phenomena 
found in nature to create innovative antenna designs 
with enhanced performance and functionalities .[34-42]  
By mimicking the structures, behaviors, and principles 
observed in living organisms, engineers can develop 
antennas that exhibit adaptive, robust, and efficient 
properties. Here are some key aspects of bio-inspired 
approaches in antenna design:

1. Morphology

Bio-inspired antenna design often replicates the 
structural features and shapes found in biological Fig. 5: Wideband L-shaped printed monopole 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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organisms. For example, antennas inspired by insect 
wings, bird feathers, or plant leaves may exhibit 
intricate geometries, fractal patterns, or hierarchical 
structures. These morphological characteristics can 
enhance antenna performance by optimizing radiation 
properties, bandwidth, and efficiency as in Fig. 6.

2. Biomaterials

Bio-inspired antennas may utilize biomaterials or 
biocompatible materials to mimic the properties of 
natural tissues or structures. Biomaterials such as 
chitin, collagen, or cellulose offer unique mechanical, 
electrical, and optical properties that can be exploited 
to enhance antenna performance. By incorporating 
biomaterials into antenna designs, engineers can create 
lightweight, flexible, and environmentally friendly 
antennas with novel functionalities as in Fig. 7.

Fig. 7: UMTS Printed Monopole Antenna

3. Biomechanics 

Bio-inspired antennas may leverage principles of 
biomechanics to achieve adaptive or reconfigurable 
behavior. For example, antennas inspired by the 
musculoskeletal systems of animals or plants may 
exhibit shape-changing or self-healing capabilities. By 
integrating smart materials or actuators into antenna 
structures, engineers can create antennas capable of 
dynamically adjusting their shape, size, or configuration 
in response to changing environmental conditions or 
signal requirements.

4. Sensing and Communication 

Bio-inspired antennas can be designed to emulate 
sensory organs or communication structures found 
in nature. For example, antennas inspired by animal 
ears or antennae may exhibit directional sensitivity or 
selective filtering capabilities. These antennas can be 
used for applications such as direction finding, signal 
amplification, or environmental sensing.

5. Evolutionary Optimization

Bio-inspired antenna design may also draw inspiration 
from evolutionary principles to optimize antenna 
performance. Evolutionary algorithms such as genetic 
algorithms or swarm intelligence algorithms can be used 
to iteratively design and optimize antenna structures 
based on natural selection principles. By mimicking the 
process of genetic variation, mutation, and selection, 
engineers can discover novel antenna configurations and 
solutions that outperform traditional designs.

Overall, bio-inspired approaches in antenna design offer 
a promising avenue for innovation and advancement 
in antenna technology. By integrating principles from 
nature into antenna design, engineers can create 
antennas with enhanced performance, adaptability, 
and efficiency, opening up new possibilities for wireless 
communication, sensing, and beyond.

Design Methodologies for Bio-Inspired Printed 
Monopole Antennas

Designing bio-inspired printed monopole antennas 
involves a systematic approach that integrates principles 
from biology, electromagnetics, and antenna theory as 
in Fig. 8:

 Z Biological Inspiration:The design process begins 
with identifying biological structures, processes, 
or phenomena that inspire the desired antenna 
characteristics and functionalities. This may involve 
studying the morphology, behavior, and material 

Fig. 6: Z-shaped CPW-fed printed monopole antenna
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nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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properties of biological systems relevant to the 
antenna’s intended application and environment.[43-51]

 Z Conceptualization and Modeling:Based on the 
biological inspiration, conceptual antenna designs 
are formulated using electromagnetic modeling tools 
and simulation software. Antenna parameters such 
as geometry, dimensions, and material properties 
are optimized to achieve the desired performance 
objectives, such as frequency bandwidth, radiation 
pattern, and impedance matching.

 Z Fabrication and Prototyping:Once the antenna 
design is finalized, it is fabricated using printing, 
etching, or additive manufacturing techniques 
on a dielectric substrate. Prototyping allows 
for experimental validation of the antenna’s 
performance characteristics, refinement of the 
design parameters, and optimization of fabrication 
processes.

 Z Testing and Validation:The fabricated antenna 
prototype is subjected to comprehensive testing 
and validation using laboratory measurements and 
field trials. Performance metrics such as return 
loss, radiation pattern, gain, and efficiency are 
evaluated to assess the antenna’s conformity to 
design specifications and its suitability for practical 
applications.[23]

Fabrication Techniques for Bio-Inspired Printed 
Monopole Antennas

Fabricating bio-inspired printed monopole antennas 
involves leveraging advanced manufacturing techniques 
and materials to realize complex designs and structures 
as in Fig. 9:

Fig. 9: dual band microstrip patch antenna

 Z Printed Circuit Board (PCB) Technology:PCB 
technology enables the fabrication of printed 
monopole antennas using standard lithographic 
processes on dielectric substrates such as FR-4, 
Rogers, or polyimide. Conductive traces are printed 
or etched onto the substrate to create the radiating 
element and ground plane of the antenna, with vias 
used to connect different layers and components.

 Z Additive Manufacturing:Additive manufacturing 
techniques such as 3D printing enable the fabrication 
of complex antenna geometries and structures with 
high precision and customization. Antennas can be 
printed layer-by-layer using conductive materials 
such as metal powders, filaments, or inks, allowing 
for rapid prototyping and iterative design iterations.

 Z Flexible and Stretchable Substrates:Flexible 
and stretchable substrates, such as elastomers, 
polymers, and textiles, are used to fabricate bio-
inspired printed monopole antennas for conformal 
and wearable applications. These substrates enable 
the integration of antennas into flexible and 
stretchable materials, such as clothing, textiles, and 
biomedical implants, while maintaining mechanical 
robustness and electrical performance.

 Z Biocompatible Materials:Biocompatible materials 
such as biodegradable polymers, hydrogels, and 
conductive inks are employed to fabricate bio-
inspired printed monopole antennas for biomedical 
applications. These materials ensure compatibility 
with biological tissues and fluids, enabling the 
integration of antennas into implantable devices, 
biosensors, and wearable health monitoring systems.

Fig. 8: Configuration of the triband meander line 
printed monopole 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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Applications of Bio-Inspired Printed Monopole Antennas

Bio-inspired printed monopole antennas find diverse 
applications across various industries and domains, 
including:

 Z Wireless Communication Systems: Bio-inspired 
printed monopole antennas are used in wireless 
communication systems such as Wi-Fi routers, cellular 
base stations, and satellite terminals to enable high-
speed data transmission, long-range connectivity, 
and reliable communication. These antennas offer 
omnidirectional coverage, broadband performance, 
and compact form factors, making them suitable for 
diverse communication applications.

 Z Radar and Sensing Systems: Bio-inspired printed 
monopole antennas are deployed in radar systems 
and sensing applications for target detection, 
tracking, and imaging. These antennas enable high-
resolution radar imaging, synthetic aperture radar 
(SAR) imaging, and ground penetrating radar (GPR) 
sensing in aerospace, defense, and remote sensing 
applications.

 Z Biomedical Implants and Wearable Devices: Bio-   
inspired printed monopole antennas are integrated 
into biomedical implants, wearable devices, 
and health monitoring systems for wireless 
communication, sensing, and telemetry. These 
antennas enable wireless connectivity with 
external devices, such as smartphones or medical 
monitors, facilitating remote patient monitoring, 
telemedicine, and personalized healthcare  
services.

 Z Internet of Things (IoT) Devices: Bio-inspired 
printed monopole antennas are utilized in IoT devices 
and sensor networks for wireless connectivity, 
data exchange, and remote monitoring. These 
antennas enable seamless integration of sensors, 
actuators, and communication modules into IoT 
ecosystems, supporting applications such as smart 
homes, industrial automation, and environmental 
monitoring as in Fig. 10.

 Z Aerospace and Automotive Systems: Bio-inspired 
printed monopole antennas are employed in aerospace 
and automotive systems for communication, 
navigation, and surveillance. These antennas enable 
satellite communication, GPS navigation, and 
collision avoidance systems in aircraft, spacecraft, 
drones, and autonomous vehicles, enhancing 
safety, efficiency, and reliability in transportation  
systems.

Futurz Directions and Emerging Trends

 Z The field of bio-inspired printed monopole antennas 
is poised for continued growth and innovation, with 
several emerging trends and future directions:

 Z Multifunctional Antenna Systems: Future 
bio-inspired antennas will integrate multiple 
functionalities, such as communication, sensing, and 
energy harvesting, into a single compact platform. 
These multifunctional antenna systems will enable 
enhanced capabilities and versatility for applications 
such as smart cities, smart grids, and autonomous 
systems.

 Z Metamaterial-inspired Designs: Metamaterial-
inspired antennas will leverage engineered 
materials and structures to achieve unprecedented 
performance, such as negative refraction, cloaking, 
and enhanced radiation properties. These antennas 
will enable innovative applications in imaging, 
sensing, and communication, including super-
resolution imaging, stealth technology, and terahertz 
communication.

 Z Flexible and Wearable Antennas: Bio-inspired 
antennas will be further miniaturized, flexible, 
and conformal to enable seamless integration 
into wearable devices, clothing, and biomedical 
implants. These antennas will support emerging 
applications such as wearable health monitoring, 
human-machine interfaces, and electronic textiles, 
enhancing comfort, mobility, and functionality for 
users.

 Z Bio-inspired Swarm Intelligence:Antennas inspired 
by swarm intelligence algorithms will mimic the 
collective behavior of social insects, such as ants and 

Fig. 10: Dual-Band (38/60 GHz) Patch Antenna
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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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bees, to achieve distributed sensing, communication, 
and coordination. These bio-inspired antennas will 
enable self-organizing wireless networks, adaptive 
beamforming, and resilient communication in 
dynamic and decentralized environments.

 Z Biodegradable and Biocompatible Materials: 
Antennas fabricated using biodegradable and 
biocompatible materials will enable transient and 
implantable devices for biomedical and environmental 
applications. These antennas will dissolve or degrade 
over time, minimizing environmental impact and 
reducing the need for device retrieval or removal, 
while ensuring compatibility with biological tissues 
and organisms.

Conclusion

In conclusion, bio-inspired printed monopole antennas 
represent a fascinating intersection of biology, 
electromagnetics, and antenna engineering, offering 
unique opportunities for innovation and advancement 
in wireless communication systems and beyond. By 
drawing inspiration from nature’s designs, processes, 
and materials, bio-inspired antennas unlock new 
possibilities for creating efficient, adaptable, and 
sustainable antenna solutions for diverse applications 
and environments. As research and development efforts 
continue to evolve, bio-inspired printed monopole 
antennas hold the promise of shaping the future of 
wireless communication, sensing, and connectivity, 
while offering insights and inspiration from the natural 
world.
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