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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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Abstract

The growing need for effective, flexible, and high-performance wireless communication 
systems has brought attention to investigating AI-driven antenna optimization methods. 
Conventional approaches for antenna optimization can depend on heuristic algorithms 
or manual corrections, which struggle with complicated settings and fail to dynamically 
adapt to changing circumstances, therefore producing less than ideal performance. It 
present a framework using Antenna Optimization using Reinforcement Learning (AO-RL) 
to handle these problems. This method uses intelligent agents to repeatedly maximize 
antenna characteristics including frequency management, beamforming angles, and power 
distribution. The AO-RL framework reaches adaptive optimization by interacting with 
the surroundings and getting incentives as feedback. The suggested approach works for 
situations including interference reduction and dynamic spectrum control. Experimental 
results reveal that AO-RL greatly enhances parameters including signal quality, throughput, 
and energy economy, thereby demonstrating its potential to surpass more traditional 
methods and satisfy current wireless communication needs.

Author’s e-mail: nandhitha.ece@sathyabama.ac.in, hemantapalo@soa.ac.in,  mp.sunil@
jainuniversity.ac.in, awakash.mishra@muit.in, mridula.gupta.orp@chitkara.edu.in, samaksha. 
law@quantumeducation.in, shashikant.patil@atlasuniversity.edu.in

Author’s Orcid id: 0000-0002-5256-708X, 0000-0002-9198-8979, 0000-0002-7737-4145, 
0009-0002-5447-7499, 0009-0002-8961-3059, 0009-0008-1367-9530, 0000-0002-8835-908X

How to cite th is article: Nandhitha N M, Hemanta Kumar Palo, Sunil MP, Awakash Mishra, 
Mridula Gupta, Samaksh Goyal, Shashikant Patil, Exploring AI-Driven Antenna Optimization 
Techniques, National Journal of Antennas and Propagation, Vol. 7, No.2, 2025 (pp. 24-28).

RESEARCH ARTICLE WWW.ANTENNAJOURNAL.COM
 National Journal of Antennas and Propagation, ISSN: 2582-2659 Vol. 7, No. 2, 2025 (pp. 24-28)

Introduction

The rapid growth of wireless communication 
technologies has raised the need for efficient antenna 
optimization techniques to ensure stable connection, 
enhanced performance, and minimal interference.[1] 
Conventional antenna optimization techniques, usually 
based on heuristic or fixed-rule approaches, find it 
challenging to adapt to the always changing and complex 
communication environments.[9] These methods usually 

produce inefficiencies like poor resource allocation, 
worse signal quality, and higher energy use. Because 
artificial intelligence-driven strategies offer intelligent 
and adaptive optimizing systems, they are considered 
to be a transformative solution to these liabilities.[3] Of 
such, the RL method emerged because of its high and 
accurate imitation capability for dynamics interaction 
between the antenna system and its environment.[13] 
Therefore, this paper will offer its novel framework for 
AO using RL.[2]. The dynamic modulation of parameters 
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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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the 3.4 GHz WiMAX channel and 2.5 GHz ISM band. 
Prototypes and simulations enable the evaluation of 
the technique and demonstrate its flexibility for other 
antenna configurations beyond the specified one.

AI-Based Antenna Design Overview (AI-ADO)

It presents a summary of most recent AI-based techniques 
for antenna design and optimization.[15] These methods 
greatly reduce design time and provide better solutions 
than more traditional methods by use of artificial 
intelligence.[12] Dealing with the increasing complexity 
and tighter criteria of modern wireless communication 
systems, the research stresses developments in AI-driven 
technologies that simplify the building of effective, high-
performance antenna systems, so providing insights and 
direction for researchers seeking creative ideas in this 
developing sector.[8]

Proposed Method

Antennas are critical components in modern 
communication systems, influencing signal quality, 
coverage, and overall network performance. Traditional 
optimization methods for antenna systems often 
face challenges such as limited adaptability, manual 
intervention, and suboptimal resource utilization. To 
overcome these limitations, artificial intelligence (AI)-
driven techniques have emerged as a powerful approach 
for antenna optimization. Utilising a variety of advanced 
algorithms involving supervised and unsupervised learning 
and reinforcement (RL), this proposed technique works 
to increase the efficiencies in the operation of systems 
along with antennas. This technique aims at targeting 

related to a change in the beamformer, power control, 
and frequency allocation for adjusting antenna settings 
is achieved via real-time input from surroundings.[14].  
In addition to this, the proposed AO-RL framework 
increases some essential performance metrics like signal 
quality, throughput, and energy savings.[5] The proposed 
method has applied RL’s ability to continually learn the 
best policies in the environment using environmental 
interactions, thereby making it powerful and scalable in 
addressing demands in modern wireless networks against 
ever-changing conditions.[4] 

Contribution of this paper,

• A new AO-RL structure targeted at surpassing 
existing heuristic constraints for dynamic antenna 
optimization.

• Exhaustive evaluation of AO-RL concerns signal 
quality, throughput, and energy economy in complex 
communication environments.

• Showcase of the framework’s scalability and 
adaptability throughout many real-world settings 
including spectrum management and interference 
reduction.

The upcoming section is as follows: section 2 deliberates 
the related works, section 3 examines the proposed 
methodology, section 4 describes the results and 
discussion and section 5 concludes the overall paper 
work.

Related work

AI-Energy Trade-Off Analysis Framework (AI-ETAF)

The paper offers a systematic methodology to 
assess modeling methodologies for computing power 
consumption costs in next-generation radio access 
networks and identifies energy-saving solutions by 
domains (time, frequency, power, and geography).[10] It 
looks at studies assessing the energy costs of artificial 
intelligence methods itself, pointing out shortcomings 
such the lack of real-world power consumption data and 
the ignored running energy costs of AI.[11] Emphasizing 
filling in these gaps, the proposed approach lets one 
realistically compare artificial intelligence-driven energy 
savings and pricing.[6]

PSADEA-Antenna Design Framework (PSADEA-ADF)

An AI-driven design method is described for mutual 
coupling reduction in a frequency reconfigurable 
antenna array using the Parallel Surrogate Model-
Assisted Differential Evolution for Antenna Synthesis 
(PSADEA) technique.[7] Included within the design is 
a novel isolator to reduce mutual coupling by 7 dB in Fig. 1: AI-Powered Antenna Optimization Workflow
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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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key features, that is, signal strength and interference 
management, frequency management, power manage-
ment, beamforming, among others. It does so through 
employing a feedback loop as well as iterative learning 
so the system learns how to tweak the antenna 
configuration, to dynamically adapt in network states. 
Figures 1 and 2 detail the workflow approach as well 
as the full process of the reinforcement-learning-based 
technique that comprises different stages such as data 
gathering followed by preprocessing, feature choosing, 
model training, validation, testing, and enhancement of 
the policy.

Figure 1 shows how best to maximize antenna systems 
using artificial intelligence methods. Starting it is data 
collecting—including signal strength and interference 
passing through preprocessing for noise removal and 
normalizing. Important features are collected and chosen 
for analysis; next, either supervised or unsupervised 
learning machine learning is applied via reinforcement 
learning. Frequency allocation, power management, 
and beamforming are optimized by methods of training, 
testing, and model fine-tuning. With a feedback loop 
constantly refining the optimization process, the last 
stage consists of assessing performance based on signal 
quality and power efficiency.

Fig. 2: Reinforcement Learning-Based Antenna Opti-
mization (AO-RL)

Figure 2 displays the accomplishment of reinforcement 
learning (AO-RL) antenna optimization. The system 
begins by utilizing an antenna model, network settings, 
and channel conditions to configure the environment. 
Then the agent provides states (antenna configurations) 
and actions (beamforming, power distribution) to 
interact the surrounds. It relies on the standing policy 
and gets feedback in the form of signals on quality and 
efficiency. The agent trains himself through repetitive 
practice and changes policies, thus reaching the optimal 
arrangement of antennas to an optimal performance and 
efficiency level.

The AI-based antenna optimization method that is being 
proposed is an attempt at automating and enhancing 
functionality of antenna systems through neural networks. 
The workflow commences with information retrieval 
and preprocessing followed by the specification and 
optimization step using machine learning. Reinforcement 
learning is essential as it facilitates the gradual 
enhancement of the antenna configurations in an agent-
environment interaction context. The agent looks at the 
current states, forms actions such as beamforming or 
power distribution, and changes its policy based on what 
it observed, say the signal quality or efficiency. Using this 
iterative method, the system is able to arrive at suitable 
antenna configurations that meet resource utilization and 
performance constraints. The inclusion of the feedback 
loop ensures that the system is applicable in practical 
situations, where channel conditions and the network’s 
needs change. Such AI-based antenna systems would 
respond to current challenges and issues faced with 
modern antennas delivering better quality signals, lower 
power consumption, and improved performance overall.

Result and Discussion

Analysis of signal quality

Fig. 3: Graphical illustration of signal quality

The proposed AO-RL architecture significantly enhances 
indicated in Figure 3 by a 91.63% gain in signal quality. 
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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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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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By continually adjusting antenna settings including 
beamforming angles and interference management, 
one guarantees better signal strength and less noise. 
This level of performance indicates how well the plan 
can keep constant and strong communication in many 
different and challenging situations.

 [B-4Cd’’ ]:→Jd[l-rj’’ ]+9hj[4-vm’’ ]-Vd[2f-vf’’ ]   (1)

Antenna properties like bandwidth Vd[2f-vf’’], stream 
dynamics 9hj[4-vm’’], and beamforming modifications 
are represented by the provided equation and its 
variables, which also include [B-4Cd’’], and Jd[l-rj’’].  
The goal of this statement is to illustrate how the 
reinforcement-learning agent optimizes wireless 
performance by making adaptive modifications that 
balance signal quality.

Analysis of energy economy

Fig. 4: Graphical illustration of energy economy

Through best use of resources and power distribution, 
the AO-RL architecture achieves an energy economy 
of 94.33% which is shown in figure 4. Using deliberate 
energy-aware decision-making, the framework 
reduces waste and increases operational efficiency. 
This development emphasizes the adaptability of 
the technique for energy-sensitive uses, therefore 
guaranteeing sustainable communication networks and 
preserving high-performance criteria in wireless systems.

   rf g:Iu-nj[5vf-lx’’ ]+9Bw[l-dp’’ ]- Vs[9iu’’]    (2)

Factors like frequencies rf g, beamwidth (Iu-
nj), signal strength ([5vf-lx’’]), and congestion 
avoidance 9Bw[l-dp^’’] are probably represen-
ted by the variables  in the equation 2.  
This equation is meant to reflect the learning agent’s 
real-time adjustments to antenna settings, and boost 
system performance on the energy economy.

Conclusion

For the purpose of optimizing antennas in wireless 
communication systems, this research paper presents 

a novel framework referred to as AO-RL, which is 
based on reinforcement learning. Implementation of 
the suggested methodology, which quite effectively 
overcomes the limits outlined in traditional approaches, 
saw considerable improvements in signal quality 
(91.63%) and energy economy (94.33%). These 
improvement aspects contributed to the holistic success 
of the implementation. AO-RL allows for the dynamic 
optimization of parameters like beamforming, power 
control, and spectrum allocation so that communication 
within complex conditions is reliable, efficient, and 
flexible. These are achieved through the adoption of AO-
RL. With the outcomes of the conducted research, it is 
apparently clear that the framework would be capable of 
significantly raising the performance of modern wireless 
networks.

Future work: To accomplish coordinated optimization 
in scenarios involving dense networks, efforts will be 
centered in the future on merging AO-RL with multi-
agent systems. This will be done for the purpose to get 
the desired results. The framework’s scalability and 
endurance in next-generation communication networks 
will be further shown by expanding it to integrate 
advanced 6G use cases. This will be done with the aim 
to demonstrate the framework’s adaptability. Among the 
several use cases that fall under this category are apps 
that have very low latency and clever spectrum sharing 
strategies.
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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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