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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 realm of modern communication, the invisible force behind the seamless transfer 
of information is antennas and propagation. These technological marvels serve as bridges, 
enabling wireless communication across vast distances. From cell phones to satellite 
communication, from Wi-Fi routers to radio broadcasting, antennas play a pivotal role in 
shaping our interconnected world. In this article, we delve into the fascinating world of 
antennas and propagation, exploring their mechanisms, applications, and significance.
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Introduction

Understanding Antennas

At its core, an antenna is a device designed to transmit 
or receive electromagnetic waves. These waves carry 
information encoded in the form of radio frequency 
(RF) signals. Antennas come in various shapes and sizes, 
each tailored for specific applications and operating 
frequencies. They can be as small as the antennas in 
your smartphone or as large as the towering structures 
used for broadcasting[1-21] as shown in Fig. 1.

Types of Antennas

1. Dipole Antennas 

These are perhaps the simplest form of antennas, 
consisting of two conductive elements aligned along 
the same axis. Dipole antennas are widely used in radio 
and television broadcasting due to their omnidirectional 
radiation pattern.[22-35]

2. Yagi-Uda Antennas

Also known as beam antennas, Yagi-Uda antennas are 
characterized by multiple parallel elements, including 
a driven element, reflector, and one or more directors. 
They offer high gain and directional capabilities, making 
them ideal for long-distance communication.

3. Patch Antennas

Commonly found in Wi-Fi routers and RFID systems, patch 
antennas are compact and offer directional radiation 
patterns. They are constructed on printed circuit boards, 
making them cost-effective and easy to integrate into 
electronic devices.

4. Parabolic Reflectors

These antennas consist of a curved reflective surface 
(parabola) with an antenna feed positioned at its focal 
point. Parabolic reflectors are renowned for their high 
gain and narrow beamwidth, making them suitable for 
point-to-point communication, such as satellite links and 
microwave links.[36-45]

Propagation of Electromagnetic Waves:

Propagation refers to the manner in which electromagnetic 
waves travel from the transmitter to the receiveras 
shown in Fig.2. Understanding propagation is crucial for 
optimizing the performance of wireless communication 
systems. Several factors influence propagation, including 
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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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frequency, distance, terrain, and environmental 
conditions.[46-52]

Key Propagation Mechanisms

1. Line-of-Sight (LOS) Propagation

In LOS propagation, the transmitter and receiver have 
a clear, unobstructed line of sight. This mechanism is 
prevalent in microwave communication and satellite 
links, where signals travel directly from the transmitter 
to the receiver without significant obstacles.

2. Multipath Propagation: 

In environments with obstacles or reflective surfaces, 
such as urban areas or indoor spaces, signals can 
undergo multipath propagation. This occurs when 
signals take multiple paths to reach the receiver due to 
reflections, diffraction, and scatteringas shown in Fig.3. 
While multipath propagation can cause signal fading and 
distortion, it is also exploited in techniques like diversity 
reception and MIMO (Multiple Input Multiple Output) to 
improve reliability and data rates.[53-61]

3. Ionospheric Propagation: 

Ionospheric propagation occurs in the Earth’s ionosphere, 
a region of the upper atmosphere where ionization by 

solar radiation affects the propagation of radio waves. 
This phenomenon enables long-distance communication 
via skywave propagation, where signals are reflected 
back to Earth by the ionosphere. It is utilized in shortwave 
radio broadcasting and over-the-horizon radar.

4. Tropospheric

Propagation:Tropospheric propagation involves the 
bending of radio waves within the troposphere, the 
lowest layer of the Earth’s atmosphere. Atmospheric 
conditions, such as temperature inversions and humidity 
gradients, can cause signal ducting, where signals are 
trapped and propagated over long distances beyond 
the horizon. Tropospheric propagation is utilized in 
microwave communication and long-range radio linksas 
shown in Fig. 4.

Applications and Significance:

The significance of antennas and propagation 
extends across various domains, encompassing 
telecommunications, broadcasting, navigation, remote 
sensing, and more. Here are some notable applications:

 Z Wireless Communication: Antennas facilitate 
wireless communication in cellular networks, Wi-
Fi systems, Bluetooth devices, and IoT (Internet 
of Things) devices, enabling seamless connectivity 
and data exchange.Wireless communication refers 
to the transmission of data, information, or signals 
over a distance without the need for physical cables 
or wires. This mode of communication relies on 
electromagnetic waves to carry information through 
the air or vacuum. Wireless communication has 
become ubiquitous in modern society, enabling 
seamless connectivity and communication across 
various devices and systems.

One of the key advantages of wireless communication 
is its ability to provide flexibility and mobility. Users 
can access communication networks and services from 
virtually anywhere, allowing for greater convenience 
and accessibility. Wireless communication technologies 
such as Wi-Fi, Bluetooth, cellular networks, and 

Fig. 2: Different types of antenna

Fig. 3: 5G antenna radiation levels Fig. 4: Different types of antennas pattern
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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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satellite communication systems facilitate a wide range 
of applications, including mobile telephony, internet 
access, IoT (Internet of Things), smart devices, and 
more.

Wireless communication systems typically consist of 
transmitters, receivers, antennas, and signal processing 
components. Transmitters convert electrical signals into 
electromagnetic waves, which are then transmitted 
through the air. Receivers capture these waves and 
convert them back into electrical signals for processing. 
Antennas play a crucial role in transmitting and receiving 
signals efficiently, while signal processing techniques are 
used to enhance signal quality, manage interference, 
and ensure reliable communication.

Overall, wireless communication has revolutionized the 
way people connect, communicate, and interact in the 
modern world, enabling seamless connectivity, mobility, 
and access to information anytime, anywhere.

 Z Broadcasting: From AM/FM radio to television 
broadcasting, antennas are instrumental in delivering 
audio and video content to millions of households 
worldwideas shown in Fig.5.

 Z Satellite Communication: Antennas are essential 
components of satellite communication systems, 
enabling the transmission of signals between ground 
stations and orbiting satellites for applications 
such as telecommunication, weather monitoring, 
and global positioning.Satellite communication 
refers to the transmission of signals between Earth-
based stations and satellites orbiting in space. This 
mode of communication utilizes artificial satellites 
to relay signals over long distances, enabling 
global connectivity and communication services. 

Satellite communication plays a crucial role in 
various applications, including telecommunications, 
broadcasting, navigation, weather monitoring, and 
remote sensing.

Satellite communication systems typically consist of 
three main components: ground stations, satellites, 
and user terminals. Ground stations are equipped 
with antennas and transceivers to communicate with 
satellites in orbit. Satellites act as relay stations in 
space, receiving signals from ground stations, amplifying 
them, and retransmitting them to other ground stations 
or user terminals. User terminals, such as satellite 
phones, television receivers, and navigation devices, 
receive signals from satellites to access communication 
services.

One of the key advantages of satellite communication 
is its ability to provide wide coverage and reach remote 
or inaccessible areas where traditional terrestrial 
communication infrastructure is impractical or 
unavailable. Satellite communication systems offer 
reliable and scalable communication solutions for 
various applications, including telephony, internet 
access, broadcasting, disaster relief, and military 
communications.

Despite its advantages, satellite communication 
also faces challenges such as signal latency, limited 
bandwidth, and susceptibility to interference. Advances 
in satellite technology, including high-throughput 
satellites, frequency reuse techniques, and signal 
processing algorithms, continue to improve the 
efficiency and performance of satellite communication 
systems, making them essential components of modern 
telecommunications infrastructure.

 Z Radar Systems: Radar systems rely on antennas to 
transmit and receive radio waves for purposes such 
as air traffic control, weather monitoring, military 
surveillance, and navigation [62]-[63].Radar (Radio 
Detection and Ranging) systems are essential tools 
used for detecting, tracking, and identifying objects 
in the surrounding environment by emitting radio 
waves and analyzing the echoes reflected back 
from those objects. These systems find widespread 
use in military, aerospace, meteorology, maritime 
navigation, air traffic control, and automotive 
applications.

Radar systems operate based on the principle of sending 
out short pulses of electromagnetic waves and measuring 
the time it takes for the waves to return after bouncing 
off objects in the path of the radar beam. By analyzing 
the characteristics of the reflected signals, such as their 

 
Fig. 5: Propogation models
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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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time delay, amplitude, phase, and Doppler shift, radar 
systems can determine the range, speed, direction, and 
size of objects within their detection range.

Modern radar systems employ advanced signal processing 
techniques, such as pulse compression, frequency 
modulation, and digital beamforming, to enhance 
detection capabilities, improve resolution, and reduce 
interference. Additionally, radar systems can operate 
in various frequency bands, including microwave, 

millimeter-wave, and even optical frequencies, 
depending on the application requirements.

Overall, radar systems play a critical role in enhancing 
situational awareness, providing early warning, 
facilitating navigation and surveillance, and enabling 
a wide range of civilian and military applications. 
Continued advancements in radar technology promise 
to further improve the performance, versatility, and 
reliability of these systems in diverse operational 
environmentsas shown in Table. 1 and 2.

Table 1: Overall review of the crucial parameters of the antennas

Table 2: Report on Path loss and Power Conclusion

In conclusion, antennas and propagation of waves are 
fundamental aspects of modern communication, radar, 
and sensing systems. Antennas serve as the interface 
between electronic devices and the electromagnetic 
spectrum, enabling wireless communication, radar 
detection, and remote sensing. Understanding antenna 
design principles, propagation mechanisms, and 
signal processing techniques is crucial for optimizing 
system performance, maximizing coverage, and 
ensuring reliable communication. Advances in antenna 
technology, propagation modeling, and signal processing 
continue to drive innovation in wireless communication, 
satellite navigation, radar systems, and beyond, shaping 
the future of interconnected, high-speed, and reliable 
communication networks. Antennas and propagation 
form the backbone of modern wireless communication, 
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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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enabling the exchange of information across vast 
distances with remarkable efficiency and reliability. As 
technology continues to advance, the development of 
innovative antenna designs and propagation techniques 
will play a pivotal role in shaping the future of 
connectivity, bringing the world closer together in an era 
of seamless communication.
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