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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

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

In the ever-evolving landscape of wireless communication, the quest for compact, 
efficient, and cost-effective antenna solutions has led to the development of innovative 
designs. Among these, the printed monopole antenna stands out as a versatile and widely 
adopted option. Offering simplicity, flexibility, and excellent performance characteristics, 
printed monopole antennas have become indispensable in various applications, from 
mobile devices to IoT systems and beyond. In this article, we explore the intricacies of 
the printed monopole antenna, its design principles, applications, and its transformative 
impact on modern wireless communication.

Author’s e-mail: rimada.y@hust.edu.vn, mrinhkl@hust.edu.vn, han.choung@hust.edu.vn

How to cite this article: Y. Rimada, K.L Mrinh, Chuonghan. Unveiling the Printed 
Monopole Antenna: Versatile Solutions for Modern Wireless Communication. National 
Journal of Antennas and Propagation, Vol. 6, No. 1, 2024 (pp. 1-5).

Understanding the Printed Monopole Antenna

A printed monopole antenna is a type of antenna 
structure fabricated using printed circuit board (PCB) 
technology. It consists of a conductive element, typically 
a strip or patch, mounted on a dielectric substrate. The 
conductive element serves as the radiating element of 
the antenna, while the substrate provides mechanical 
support and insulation.[1-12] One of the defining features 
of printed monopole antennas is their compact and 
planar nature, making them well-suited for integration 
into small form factor devices and systems. Additionally, 
their straightforward fabrication process and low 
manufacturing cost contribute to their widespread 
adoption in commercial products and research 
applications.

Printed monopole antennas are compact, lightweight 
antennas widely used in various wireless communication 
systems due to their simple design, low cost, and ease 
of fabrication.[13-19] These antennas consist of a single 
radiating element printed on a dielectric substrate, with 
a ground plane on the opposite side. Printed monopole 
antennas are commonly implemented using microstrip or 
coplanar waveguide (CPW) transmission lines, allowing 
for easy integration with printed circuit boards (PCBs) 
as in Fig. 1.

One of the key advantages of printed monopole antennas is 
their versatility in design, allowing for easy customization 

of frequency, bandwidth, and radiation pattern. By 
adjusting the dimensions of the radiating element and 
substrate, printed monopole antennas can be optimized 
for specific operating frequencies and performance 
requirements.[20-28] Printed monopole antennas exhibit 
omnidirectional radiation patterns, making them suitable 
for applications requiring 360-degree coverage, such as 
wireless routers, IoT devices, and RFID systems. They 
are also commonly used as internal antennas in mobile 
devices, such as smartphones and tablets, due to their 
compact size and efficient performance.

Fig. 1: Structure chart of a 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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Despite their simplicity, printed monopole antennas 
offer high efficiency, wide bandwidth, and reliable 
performance, making them essential components of 
modern wireless communication systems. Ongoing 
research and development efforts continue to advance 
the design and performance of printed monopole 
antennas, enabling new applications and capabilities 
in the field of wireless communication.[29-38] Future 
directions in printed monopole antenna technology 
include the development of novel materials, fabrication 
techniques, and integration methods to further improve 
efficiency, bandwidth, and miniaturization. Additionally, 
advancements in multiband and wideband designs are 
driving innovation in printed monopole antennas, enabling 
support for multiple wireless communication standards 
and frequencies in a single antenna structure.[39-49]  
Overall, printed monopole antennas hold promise for 
meeting the increasing demand for compact, efficient, 
and cost-effective wireless communication solutions in 
diverse applications and industries.

Principles of Operation

The operation of a printed monopole antenna is based 
on the fundamental principles of antenna theory and 
electromagnetic radiation.[50-57] When an alternating 
current (AC) is applied to the radiating element, 
electromagnetic waves are generated and propagate 
away from the antenna, transmitting or receiving signals 
wirelesslyas in Fig. 2.

The performance characteristics of a printed monopole 
antenna, including impedance matching, radiation 
pattern, and bandwidth, are influenced by various design 
parameters such as the dimensions of the radiating 
element, the substrate material properties, and the feed 
structure.[58-65] The principle of operation of a printed 
monopole antenna relies on the transmission line theory 

and the behavior of electromagnetic waves in dielectric 
substrates. A printed monopole antenna typically consists 
of a single radiating element printed on one side of a 
dielectric substrate, with a ground plane on the opposite 
side. This configuration forms a microstrip transmission 
line, where electromagnetic waves propagate along the 
surface of the dielectric substrate.

When an alternating current is applied to the feedline 
connected to the radiating element, it generates 
electromagnetic fields around the antenna structure. 
The length and dimensions of the radiating element 
determine the resonance frequency of the antenna. The 
radiating element acts as a resonant structure, producing 
standing waves that radiate electromagnetic energy into 
free space.[66-73] The ground plane serves as a reflector 
and a counterpoise for the radiating element, helping 
to shape the radiation pattern and improve antenna 
efficiency. By adjusting the dimensions of the radiating 
element and substrate, designers can tune the resonant 
frequency and impedance matching of the antenna to 
optimize performance for specific frequency bands 
and applications.Printed monopole antennas typically 
exhibit omnidirectional radiation patterns in the azimuth 
plane, making them suitable for applications requiring 
360-degree coverage, such as wireless communication 
systems and IoT devices. The radiation pattern and 
gain of the antenna can be further modified by adding 
additional elements or structures, such as parasitic 
elements or directors.Overall, the principle of operation 
of a printed monopole antenna involves the generation 
and radiation of electromagnetic waves from a single 
radiating element printed on a dielectric substrate, 
with the ground plane serving as a reference point and 
reflector. This simple yet effective design allows for 
compact, lightweight, and efficient antennas suitable 
for a wide range of wireless communication applications.

Key Components

Printed monopole antennas consist of several key 
components that contribute to their functionality and 
performance. These components include the radiating 
element, feedline, ground plane, and dielectric 
substrateas in Fig. 3.

Fig. 3: Monopole Antenna with Enhanced Bandwidth

 
Fig. 2: High-gain printed monopole antenna
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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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 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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1. Radiating Element

The radiating element is the primary component of the 
antenna responsible for generating and transmitting 
electromagnetic waves. It is typically a conductive 
structure, such as a metal strip or patch, printed on 
one side of the dielectric substrate. The dimensions and 
shape of the radiating element determine the resonance 
frequency, bandwidth, and radiation characteristics of 
the antenna.

2. Feedline

The feedline is a transmission line that connects the 
radiating element to the RF source or receiver. It 
delivers RF signals to the radiating element, allowing for 
the transmission or reception of electromagnetic waves. 
The feedline can be implemented using microstrip or 
coplanar waveguide (CPW) transmission lines printed on 
the same substrate as the radiating element.

3. Ground Plane

The ground plane serves as a reference point and a 
counterpoise for the radiating element. It helps to shape 
the radiation pattern of the antenna and improve its 
efficiency by reflecting and enhancing the radiation from 
the radiating element. The ground plane is typically 
located on the opposite side of the dielectric substrate 
from the radiating element and is often connected to 
the ground terminal of the RF source or receiver.

4. Dielectric Substrate

The dielectric substrate provides mechanical support 
and insulation for the antenna components. It is typically 
made of a non-conductive material, such as FR4 or Rogers 
substrates, and has a predefined thickness and dielectric 
constant. The dielectric substrate also determines the 
impedance matching and performance of the antenna.

Overall, these key components work together to form 
a printed monopole antenna, enabling efficient and 
reliable wireless communication in a compact and 
lightweight package. By optimizing the design and 
dimensions of these components, designers can tailor 
the antenna’s performance for specific frequency bands, 
applications, and operating environments.

Applications of Printed Monopole Antennas

Printed monopole antennas find widespread applications 
across various industries and domainsas in Fig. 4:

 � Mobile Devices: Printed monopole antennas are 
commonly used in smartphones, tablets, and other 
mobile devices to enable wireless connectivity for 

cellular, Wi-Fi, Bluetooth, and GPS communication. 
Their compact size and planar form factor make 
them ideal for integration into handheld devices 
with limited space constraints.

 � Wireless IoT Systems: In the Internet of Things (IoT) 
ecosystem, printed monopole antennas provide 
reliable wireless connectivity for IoT devices 
and sensors deployed in smart homes, industrial 
automation, healthcare, and environmental 
monitoring applications. Their cost-effective design 
and ease of integration make them well-suited for 
large-scale IoT deployments.

 � RFID Systems: Printed monopole antennas are 
employed in radio-frequency identification (RFID) 
systems for tracking and identification applications 
in logistics, retail, inventory management, and asset 
tracking. Their compact size and omnidirectional 
radiation pattern enable efficient RF signal 
propagation and reception in RFID tag-reader 
systems.

 � Wireless Sensor Networks: Printed monopole antennas 
play a crucial role in wireless sensor networks (WSNs) 
for monitoring and control applications in diverse 
environments such as agriculture, infrastructure 
monitoring, and smart cities. Their compact size, low 
power consumption, and reliable performance make 
them suitable for long-term deployment in harsh 
operating conditions.

Challenges and Future Directions

While printed monopole antennas offer numerous 
advantages, they also present certain challenges, 
including limited bandwidth, impedance matching issues, 
and susceptibility to substrate losses and manufacturing 
tolerances. Addressing these challenges requires ongoing 
research and development efforts to optimize antenna 
designs, improve performance metrics, and explore 
novel materials and fabrication techniques.Printed 
monopole antennas have seen widespread adoption 

Fig. 4: Enhanced Bandwidth and Stable Radiation
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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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in various wireless communication applications due to 
their compact size, low cost, and ease of integration. 
However, several challenges exist in the design and 
implementation of these antennas, along with ongoing 
research directions to address these challenges and 
advance the technology furtheras in Fig. 5.

One challenge is achieving wide bandwidth and multiband 
operation while maintaining a compact antenna 
size. Traditional monopole antennas are inherently 
narrowband, limiting their utility in applications 
requiring broad frequency coverage. Researchers are 
exploring novel antenna designs, such as meandered or 
fractal monopoles, and advanced feeding techniques to 
achieve wider bandwidth and multiband operationas in 
Fig. 6.

Another challenge is enhancing the antenna’s radiation 
efficiency and gain. Printed monopole antennas often 
suffer from low radiation efficiency and limited gain, 
particularly at higher frequencies. Researchers are 

investigating new materials, substrate configurations, 
and feeding methods to improve antenna performance 
and overcome these limitationsas in Fig. 7.

Interference and mutual coupling between multiple 
antennas in close proximity present another challenge, 
especially in compact device designs and antenna arrays. 
Advanced antenna array techniques, such as beamforming 
and spatial multiplexing, are being explored to mitigate 
interference and improve system performance in dense 
wireless environments.Future directions in printed 
monopole antenna research include the development 
of conformal, flexible, and wearable antenna designs 
for emerging applications in IoT, wearable electronics, 
and healthcare. Additionally, advancements in additive 
manufacturing techniques, such as 3D printing, offer new 
possibilities for fabricating complex antenna structures 
with enhanced performance and functionality.Overall, 
addressing these challenges and exploring new research 
directions will drive continued innovation in printed 
monopole antenna technology, enabling next-generation 
wireless communication systems with improved 
performance, versatility, and reliability.

Fig. 5: A Broadband Dual Circularly Polarized 
Compact Printed Monopole Antenna

Fig. 6: PENTA-BAND PRINTED MONOPOLE

Fig. 7: Wideband printed monopole antenna
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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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Conclusions

The future of printed monopole antennas holds 
tremendous promise for advancing wireless 
communication capabilities and enabling new 
applications across diverse industries. As researchers, 
engineers, and innovators continue to push the 
boundaries of antenna technology, we can expect to 
see further breakthroughs that enhance performance, 
efficiency, and reliability, driving innovation in wireless 
communication systems and shaping the connected 
world of tomorrow.In conclusion, printed monopole 
antennas offer a compact, cost-effective solution for 
various wireless communication applications. While 
challenges such as bandwidth limitation and radiation 
efficiency persist, ongoing research aims to overcome 
these obstacles and advance the technology further. 
With innovations in design techniques, materials, and 
manufacturing processes, printed monopole antennas 
are poised to play a key role in enabling next-generation 
wireless communication systems. Their simplicity, 
versatility, and efficiency make them an attractive 
choice for diverse applications, from IoT devices to 
satellite communication terminals, driving progress and 
innovation in the field of wireless communication.
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