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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 realm of wireless communication, antennas play a pivotal role in shaping 
the connectivity landscape. Among the myriad of antenna designs, the reconfigurable 
Yagi antenna stands out as a versatile and innovative solution. Combining the directional 
capabilities of the traditional Yagi antenna with the flexibility of reconfigurability, this 
technology opens up new avenues for optimizing wireless communication systems. In this 
article, we delve into the intricacies of the reconfigurable Yagi antenna, exploring its 
design principles, applications, and potential to revolutionize wireless connectivity.
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Understanding the Reconfigurable Yagi Antenna

The Yagi-Uda antenna, commonly known as the Yagi 
antenna, is a well-established design renowned for its 
directional characteristics and high gain. It typically 
consists of a driven element, one or more parasitic 
elements, and a reflector element. By varying the 
lengths and positions of these elements, the antenna can 
achieve directional radiation patterns suitable for point-
to-point communication.The reconfigurable Yagi antenna 
builds upon this foundation by introducing elements that 
can be dynamically adjusted or reconfigured to adapt to 
changing communication requirements. This flexibility 
allows the antenna to optimize its performance in real-
time, enabling agile response to varying environmental 
conditions, interference, and signal propagation effects.A 
reconfigurable Yagi antenna combines the traditional 
Yagi-Uda antenna design with the ability to dynamically 
alter its radiation pattern, frequency response, or 
polarization characteristics. This innovative approach 
offers versatility and adaptability, allowing the antenna 
to adjust its performance to suit changing environmental 
conditions or operational requirements as shown in the 
Fig. 1.[1-14]

The basic structure of a reconfigurable Yagi antenna 
consists of multiple parasitic elements (directors and 
reflectors) arranged along a driven element (dipole), 
typically mounted on a boom. By selectively activating 
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or deactivating these parasitic elements, engineers can 
modify the antenna’s radiation pattern, beam direction, 
or frequency response.[15-19] One common reconfiguration 
mechanism involves integrating PIN diodes or MEMS 
switches into the parasitic elements. By applying 
appropriate bias voltages or control signals to these 
devices, engineers can dynamically change the electrical 
length of the parasitic elements, effectively altering the 
antenna’s characteristics.

The versatility of reconfigurable Yagi antennas makes 
them suitable for various applications, including wireless 
communication systems, radar systems, and wireless 
sensor networks. For example, in communication 
systems, reconfigurable Yagi antennas can adapt their 

Fig. 1: Basic structure of a reconfigurable  
Yagi 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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radiation patterns to improve signal coverage, mitigate 
interference, or enhance security. In radar systems, 
they can dynamically adjust their beam direction to 
track moving targets or scan specific areas of interest 
[20]-[28].Despite their advantages, reconfigurable Yagi 
antennas present certain challenges, such as increased 
complexity, power consumption, and cost compared 
to traditional Yagi antennas. Moreover, the design and 
optimization of the reconfiguration mechanism require 
careful consideration to ensure seamless operation and 
reliable performance.

In summary, reconfigurable Yagi antennas offer a 
flexible and adaptive approach to antenna design, 
allowing for dynamic adjustments to meet evolving 
application requirements. With ongoing advancements 
in reconfiguration technologies and optimization 
techniques, reconfigurable Yagi antennas hold significant 
promise for future wireless communication and radar 
systems.[29-35]

Principles of Operation

The operation of the reconfigurable Yagi antenna revolves 
around dynamically adjusting its elements to achieve 
desired radiation patterns, frequency characteristics, 
or polarization states. This adjustment can be achieved 
through various mechanisms, including mechanical 
actuators, switches, tunable components, or software-
controlled phase shiftersas shown in the Fig. 2.

By reconfiguring its elements, the antenna can steer 
its beam, switch between different frequency bands, 
or adapt to changing signal propagation conditions. 
This adaptability enhances the antenna’s versatility 
and enables it to address diverse communication 
scenarios, ranging from long-range point-to-point links 
to indoor wireless networks.The principle of operation 
of a reconfigurable Yagi antenna revolves around 
dynamically altering the electrical characteristics of its 
parasitic elements, typically using electronic switches 

or varactors. By modifying the configuration of these 
elements, the antenna can adapt its radiation pattern, 
frequency response, or polarization to suit different 
operating conditions or requirements.[36-49]

The traditional Yagi-Uda antenna consists of a driven 
element (usually a dipole) and multiple parasitic 
elements (directors and reflectors) arranged along a 
common boom. The directors are placed in front of the 
driven element, while the reflector is positioned behind 
it. The relative lengths and spacings of these elements 
determine the antenna’s radiation pattern and gainas 
shown in the Fig. 3.In a reconfigurable Yagi antenna, 
the parasitic elements are equipped with electronic 
switches or varactors that can be controlled to change 
their electrical properties. By selectively activating or 
deactivating these elements, engineers can dynamically 
adjust the antenna’s radiation pattern or frequency 
response.

For example, to switch between different radiation 
patterns, certain parasitic elements can be activated 
or deactivated to modify the antenna’s directivity. This 
capability is particularly useful in applications where the 
antenna needs to adapt to changes in signal direction 
or interference sources [50]-[64].Similarly, by varying 
the electrical length of the parasitic elements, the 
antenna’s resonant frequency can be adjusted, allowing 
it to operate over a broader frequency range or tune 
into specific frequency bands. This feature is beneficial 
in multi-band communication systems or frequency-agile 
radar systems.

The principle of operation of a reconfigurable Yagi 
antenna thus relies on the dynamic manipulation of 
its parasitic elements to achieve the desired radiation 
characteristics. This flexibility makes reconfigurable Yagi 
antennas well-suited for applications requiring adaptive Fig.2: Reconfiguring elements

Fig. 3: Traditional Yagi-Uda Antenna Propagation
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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 

35

C. Jakhir, et al. : Advancements in the Novel Reconfigurable Yagi Antenna

performance, such as wireless communication, radar, 
and sensing systems.

Key Components

1. Driven Element

The driven element serves as the primary radiating 
element of the antenna, where RF signals are applied 
for transmission or extracted for reception. In a 
reconfigurable Yagi antenna, the driven element may 
incorporate tunable components or switches to adjust 
its impedance, resonance frequency, or radiation 
pattern [65].The driven element in an antenna is a 
key component responsible for directly receiving or 
transmitting electromagnetic waves. It serves as the 
primary radiator of the antenna system, converting 
electrical signals into electromagnetic radiation or vice 
versa. The driven element is typically connected to the 
feedline, which carries the electrical signals to and from 
the antennaas shown in the Fig. 4.

In various antenna configurations, such as dipoles, loops, 
or patches, the driven element is designed to efficiently 
radiate electromagnetic waves when an alternating 
current (AC) is applied to it. The geometry and 
electrical properties of the driven element determine its 
resonant frequency, radiation pattern, and impedance 
characteristics. Matching the impedance of the driven 
element to that of the feedline or transmission system 

is crucial for maximizing power transfer and optimizing 
antenna performance.[66-70]

In some antenna designs, especially array antennas 
or phased arrays, multiple driven elements may be 
employed to achieve desired radiation characteristics, 
such as beam steering or pattern shaping. These 
driven elements work together coherently to generate 
the desired radiation pattern or beamforming effect, 
enhancing the antenna’s functionality and versatility in 
various applications, including communication, radar, 
and sensing systems.

2. Parasitic Elements

The parasitic elements, including directors and 
reflectors, are strategically positioned relative to 
the driven element to achieve desired radiation 
characteristics. In a reconfigurable Yagi antenna, 
these elements may be adjustable in length, position, 
or configuration to dynamically alter the antenna’s 
beam direction and gain.Parasitic elements are 
passive components in antenna systems that do not 
directly connect to the feedline but influence the 
antenna’s radiation pattern and performance. They are 
strategically placed near the driven element to enhance 
the antenna’s characteristics without directly receiving 
or transmitting electromagnetic waves. The two primary 
types of parasitic elements commonly used in antenna 
design are directors and reflectors.

Directors are shorter elements positioned in front of the 
driven element, while reflectors are longer elements 
placed behind it. Both types of parasitic elements 
alter the radiation pattern and gain of the antenna by 
interacting with the electromagnetic fields generated by 
the driven element. Directors focus the radiation in the 
forward direction, increasing the antenna’s directivity and 
gain, while reflectors redirect the radiation backward, 
enhancing the antenna’s overall gain and efficiency.[43]

Fig.5: Surrogate Based Optimization Design of  
Six-Element Yagi-UdaFig. 4: Antenna configuration
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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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Parasitic elements achieve their effects through 
electromagnetic coupling and interference with the fields 
generated by the driven element. The spacing, length, 
and number of directors and reflectors are carefully 
optimized to achieve the desired radiation characteristics, 
such as beam directionality, bandwidth, and impedance 
matching. By judiciously adjusting the arrangement and 
dimensions of the parasitic elements, antenna designers 
can tailor the antenna’s performance to meet specific 
application requirements, including communication, 
radar, and wireless networkingas shown in the Fig. 5.

3. Reconfigurable Components: The reconfigurable 
components of the antenna enable dynamic adjustment 
of its elements. These components may include tunable 
capacitors, varactors, MEMS (Micro-Electro-Mechanical 
Systems) switches, or digitally controlled phase shifters, 
allowing for precise control over the antenna’s performance 
parameters.Reconfigurable components in antennas refer 
to elements or mechanisms that allow for dynamic changes 
in the antenna’s characteristics, such as radiation pattern, 
frequency response, or polarization. These components 
enable the antenna to adapt its performance in real-time 
to suit varying environmental conditions, operational 
requirements, or communication protocols.

Various reconfigurable components can be integrated 
into antenna systems to achieve the desired functionality. 
For example, electronically controlled switches or 
varactors can be used to alter the electrical length or 
configuration of parasitic elements in antenna arrays, 
allowing for adjustments in the antenna’s radiation 
pattern or frequency tuning.

Additionally, tunable materials, such as liquid crystals or 
ferroelectric ceramics, can be incorporated into antenna 
structures to change their electromagnetic properties, 
such as permittivity or permeability, in response to external 
stimuli like electric fields or temperature changes. This 
enables dynamic adjustments in the antenna’s impedance 
matching, bandwidth, or resonance frequency.[38] The 
integration of reconfigurable components enhances the 
versatility, adaptability, and performance of antennas 
across a wide range of applications, including wireless 
communication, radar, sensing, and electronic warfare. 
By providing the ability to dynamically optimize antenna 
parameters, reconfigurable components contribute to 
the development of more efficient, reliable, and flexible 
antenna systems in modern wireless technologies.

Applications of Reconfigurable Yagi Antennas

The versatility and adaptability of reconfigurable Yagi 
antennas make them well-suited for a wide range of 
applications across various industries:

 Z Wireless Networks: Reconfigurable Yagi antennas 
can be deployed in wireless networks, including Wi-
Fi, cellular, and IoT systems, to enhance coverage, 
capacity, and spectral efficiency. By dynamically 
adjusting their beam direction and gain, these 
antennas optimize signal reception and transmission 
in diverse environments.

 Z Point-to-Point Communication: In long-range comm - 
uni  cation links, such as backhaul connections and 
satellite links, reconfigurable Yagi antennas enable 
precise beam steering and frequency tuning to 
establish and maintain reliable communication links 
over extended distances.

 Z Radar Systems: Reconfigurable Yagi antennas are 
utilized in radar systems for applications such 
as target tracking, surveillance, and weather 
monitoring. By adapting their beam direction and 
characteristics, these antennas enhance radar 
performance and accuracy in detecting and tracking 
objects of interestas shown in the Fig. 6.

 Z Mobile Robotics and UAVs: Reconfigurable Yagi 
antennas are integrated into mobile robotics and 
unmanned aerial vehicles (UAVs) for communication 
and navigation purposes. These antennas enable 
agile beam steering and frequency agility, supporting 
autonomous operation and mission-critical tasks in 
dynamic environments.[41]

Fig.6: Radiation pattern
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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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Challenges and Future Directions

Despite their promising potential, reconfigurable Yagi 
antennas pose certain challenges, including complexity, 
power consumption, and reliability considerations. 
Addressing these challenges requires ongoing 
research and development efforts to optimize design 
methodologies, enhance reconfigurable components, 
and minimize energy consumption.Yagi antennas have 
been widely utilized for decades due to their simplicity, 
effectiveness, and affordability.[57] However, they also 
pose several challenges that researchers and engineers 
are actively addressing to enhance their performance 
and address evolving needs. Some of these challenges 
and future directions include:

1. Bandwidth Enhancement

Traditional Yagi antennas have limited bandwidth, 
making them suitable for narrowband applications. 
Researchers are exploring novel design techniques and 
materials to broaden the bandwidth of Yagi antennas, 
enabling them to support multiple frequency bands and 
adapt to diverse communication standards.

2. Size Reduction

Yagi antennas can be relatively large, especially at lower 
frequencies, which limits their deployment in compact 
devices or urban environments. Efforts are underway to 
miniaturize Yagi antennas through advanced materials, 
metamaterials, and innovative design approaches, 
making them more suitable for integration into small 
form-factor devices and systems.

3. Multiband and Multifunctionality 

With the proliferation of multi-band communication 
systems and the emergence of diverse wireless 
standards, there is a growing demand for Yagi antennas 
that can operate across multiple frequency bands while 
maintaining high performance. Future research may focus 
on developing Yagi antennas with multiband capabilities 
and multifunctional characteristics, enabling them to 
support various wireless applications simultaneouslyas 
shown in the Fig. 7.

4. Smart and Adaptive Yagi Antennas: Integrating 
reconfigurable and adaptive components into Yagi 
antennas could enable dynamic adjustments in radiation 
characteristics, beam steering, and polarization, 
enhancing their adaptability to changing environmental 
conditions, interference sources, and user requirements. 
Smart Yagi antennas with cognitive capabilities may 
autonomously optimize their performance to maximize 
efficiency and reliability in real-time.

Addressing these challenges and exploring new 
directions could unlock the full potential of Yagi 
antennas, enabling them to play a vital role in future 
wireless communication systems, IoT networks, and 
smart infrastructure deployments.

Conclusions

In conclusion, the Yagi antenna remains a fundamental 
and widely used antenna design due to its simplicity, 
effectiveness, and versatility. Its directional radiation 
pattern, high gain, and affordability make it a popular 
choice for various applications, including terrestrial 
communication, amateur radio, television reception, 
and wireless networking.Despite its longstanding history 
and widespread adoption, the Yagi antenna continues 
to evolve to meet the demands of modern wireless 
technologies. Ongoing research and development 
efforts focus on addressing challenges such as limited 
bandwidth, size constraints, and the need for multiband 
operation. Innovations in materials, design techniques, 
and reconfigurable components offer promising avenues 
for enhancing the performance and functionality 
of Yagi antennas.Looking ahead, the future of Yagi 
antennas lies in their continued adaptation to emerging 
wireless standards, applications, and environments. 
With advancements in miniaturization, bandwidth 
enhancement, and smart antenna technologies, Yagi 
antennas are poised to remain integral components 
of communication systems, IoT networks, and smart 
infrastructure deployments for years to come. As the 
wireless landscape continues to evolve, the enduring 
legacy of the Yagi antenna ensures its relevance 
and importance in modern telecommunications. 
reconfigurable Yagi antennas holds tremendous promise 
for advancing wireless communication capabilities and 

Fig.7: Yagi Radiation levels
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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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enabling new applications across diverse industries. 
As researchers, engineers, and innovators continue to 
explore the potential of this transformative technology, 
we can expect to see further breakthroughs that push 
the boundaries of what’s possible in the realm of 
wireless connectivity and communication. With their 
ability to dynamically adapt to changing communication 
needs and environmental conditions, reconfigurable Yagi 
antennas are poised to play a pivotal role in shaping the 
future of wireless communication in the digital age.

References

1. Kammoun, Abla, Mérouane Debbah, and Mohamed-Slim 
Alouini. “Design of 5G full dimension massive MIMO sys-
tems.” IEEE Transactions on Communications 66.2 (2017): 
726-740. 

2. Bhartia, P., and I. Bahl. “A frequency agile microstrip an-
tenna.” 1982 Antennas and Propagation Society Interna-
tional Symposium. Vol. 20. IEEE, 1982..

3. Ali, Mohammod. Reconfigurable antenna design and analy-
sis. Artech House, 2021.

4. Peroulis, Dimitrios, Kamal Sarabandi, and Linda PB Katehi. 
“Design of reconfigurable slot antennas.” IEEE Transac-
tions on antennas and propagation 53.2 (2005): 645-654 

5. Christodoulou, Christos G., et al. “Reconfigurable anten-
nas for wireless and space applications.” Proceedings of 
the IEEE 100.7 (2012): 2250-2261.. 

6. Balanis, Constantine A. Antenna theory: analysis and de-
sign. John wiley & sons, 2016.. 

7. Bernhard, Jennifer T. Reconfigurable antennas. Morgan & 
Claypool Publishers, 2007.. 

8. Grau, Alfred, et al. “A dual-linearly-polarized MEMS-re-
configurable antenna for narrowband MIMO communica-
tion systems.” IEEE Transactions on Antennas and Propaga-
tion 58.1 (2009): 4-17.. 

9. Tawk, Y., J. Costantine, and C. G. Christodoulou. “A var-
actor-based reconfigurable filtenna.” IEEE Antennas and 
wireless propagation letters 11 (2012): 716-719. 

10. Nikolaou, Symeon, et al. “Pattern and frequency reconfig-
urable annular slot antenna using PIN diodes.” IEEE Trans-
actions on Antennas and Propagation 54.2 (2006): 439-448.

11. MOHAISEN, MANAR, WS SAIF, and N. ALKHATER. “Novel IoT 
Device for Enhanced Security.” International Journal of 
communication and computer Technologies 11.2 (2023): 
68-79.

12. KATSU, SHIGEO, AK ROZHDESTVENSKIY, and Gabriel Gu-
lis. “Labview Application: Home Automation Security 
Alarm.” International Journal of communication and com-
puter Technologies 11.2 (2023): 80-94.

13. Ariunaa, Kh, U. Tudevdagva, and M. Hussai. “FPGA based 
Digital Filter Design for faster operations.” Journal of VLSI 
circuits and systems 5.02 (2023): 56-62.

14. Bosco, Kagaba J., S. M. Pavalam, and L. J. Mpamije. “Fun-
damental Flip-Flop Design: Comparative Analysis.” Jour-
nal of VLSI circuits and systems 5.01 (2023): 1-7. 


