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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

Improved Software Defined Wireless Networks (SDWNs) offers flexibility, scalability, and 
security solutions for the modern-day wireless communication system. With SDWN, control 
and data planes get decoupled, thus enabling dynamic network management, excellent 
resource allocation, and seamless traffic adaptation with the changing demand. The paper 
compares centralized, hybrid, and AI-enabled edge-integrated SDWN architectures in 
terms of performance criteria such as latency, throughput, packet loss, security resilience, 
and energy efficiency. The works prove that AI-optimized SDWN is better than the other 
traditional models, reducing the latency to below 3-10 ms and throughput improved to 
the level of around 20-50 Gbps scalability above 50,000 IoT devices and makes use of 
real-time threat detection and self-healing for making it more secure and fault-tolerant 
to increase resilience against cyber attacks. ROC curve analysis showed its accuracy of 
classification using AI by SDWN against the current networks for optimizations: AUC=0.68. 
As intelligent and adaptive wireless networks gain traction, future research must look 
towards integrating blockchain for decentralized security, quantum secure techniques for 
encryption enhancement, and predictive AI models for proactive network management. 
Such innovations will herald and entrench the role of SDWN in future intelligent 
wireless environments that will promise high performance, security, and scalability of 
communication systems for applications emerging on IoT, 5G, and beyond.
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Introduction 

Software-defined wireless Networks (SDWN) have 
evolved from traditional network architectures to a 
more efficient form of wireless communication.[2] They 
separate the control plane and data plane for centralized 
management, thus enabling dynamic and efficient 
resource allocation for better programmatic flexibility 
and scalability in the network to accommodate new 
traffic loads and changes in environmental conditions.[6]  

Hence, SDWN is now introducing tremendous 
transformations in wireless networking via fast 
reconfiguration, improved performance, and seamless 
integration with new technologies.[1]

AI and machine learning integration into SDWN has 
recently revolutionized network automation and 
decision-making system performance. With AI at 
the core of SDWN, it is expected to predict network 
congestion, optimize routes, and even enhance security 
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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 environments, including 5G, IoT, 
and edge computing applications.

	Proposal of a flexible, AI-powered SDWN architecture 
to enhance a real-time communication extension for 
scalability and efficiency in supply networks.

	Enhanced Security and Energy Efficiency—This 
research proposes new security mechanisms for SDWN 
to address the ever-changing panorama of cyber 
threats, including DDoS attacks and unauthorized 
access. The other thrust is to minimize energy 
consumption through intelligent power management 
techniques, thus contributing to the sustainability of 
next-generation wireless networks.

The outline of the paper chapter-wise is as follows: 
Chapter II reviews the related literature, while Chapter 
III gives a brief view of the theoretical framework, key 
concepts, and methodologies. Chapter IV evaluates the 
experimental results and discussions, whereas Chapter 
V wraps it all up with a summary of the most important 
findings and suggestions for further research. 

Literature Review

Sidiropoulos et al.[7] The market has examined such 
problems but has thoroughly scrutinized the software 
portions, such as SDN’s security vulnerabilities in 
controllers, APIs, and applications.[4] Thus, the authors 
analyzed 58 related publications, synthesized the most 
common trends and testing methodologies, and organized 
types of vulnerabilities. The research examines the 
hardware security of extensive SDN software applications 
and indicates where more work is essential for network-
based defense enhancement.[12]

Theodorou et al.[19] In dealing with high-density IoT 
networks, this paper tests an SDN solution available to the 
public and developed for ultra-dense IoT environments 
under the label DENIS- SDN. This framework creates a 
physical and logical network slice to improve PDR by 
addressing interference and congestion issues. Results 
from the evaluation show marked improvement in PDR 
performance, proving the concept is well grounded in 
handling very dense IoT deployments.

Ouamri et al.[9] Management and Development of 
Software-Defined Wide Area Networks (SD-WAN)—
Application, Future Challenges, and Benefits’ is an 
exhaustive survey that shows the view of this technology 
in depth. It discusses both foundational principles 
and potential promises and challenges that lie ahead. 
The authors delve into the involvement of SD-WAN in 
enterprise networking, orchestration capabilities, 
and technology leverages like OpenFlow.[21] The future 

through real-time anomaly detection. Moreover, SDWN 
will support multi-access edge computing (MEC), 
which will help provide low-latency applications like 
those on autonomous vehicles, industrial automation, 
and innovative healthcare.[16] These make SDWN very 
efficient yet versatile in meeting the increasingly 
emerging expectations from next-generation wireless 
networks, especially 5G and beyond.

The SDWN pertains to establishing any interconnectivity 
among wireless networks, with this connectivity being 
paramount in stimulating their growth beyond their 
existing boundaries. As current and future application 
scenarios for wireless networks widen at an increasing 
rate, so does the necessity for intelligently connecting 
wireless networks, with inevitable challenges, such as 
heterogeneity, energetic efficiency, and security threats.[10]  
Increasingly intelligent connectivity, in addition, is 
made even possible with joint SDWN-plus-Internet of 
Things (IoT) and cloud computing applications. However, 
continuous improvements in research and innovations 
are rightly expected to entrench SDWN in the future for 
wireless communications as this would induce reliable, 
scalable, and adaptable solutions in most applications. 
This dynamic management of network resources and 
service quality enhancement realizes this contribution. 
It is an enabler of many future wireless technologies, 
paving the way for innovative, efficient networks.[3]

Many difficulties are encountered in the Existing SDWN, 
such as security vulnerability, latency, and scalability. 
Compared to other individual units in the networks, 
these could become single points of failure because of 
centralized control planes leading to the vulnerability 
of networks to highly costly cyber attacks.[17] The 
separation of control and data planes might even raise 
latencies that become unmanageable for real-time 
applications such as autonomous vehicles or industrial 
automation. Management of efficient resources becomes 
more complex as the size of networks increases. To face 
these challenges, AI-based security improvements could 
be added to the MEC for lower latency, and intelligent 
resource allocation techniques will increase network 
efficiency, security, and scalability criteria. In this way, it 
can be ensured that SDWN can satisfy the requirements 
of next-generation wireless networks.[5, 18]

The key contributions of this research on Software-
Defined Wireless Networks (SDWN) are:

	Enhanced Network Efficiency and Adaptability—
The research introduces better, more advanced 
SDWN frameworks that improve dynamic resource 
allocation, optimize network traffic, and improve 
scalability. This translates to increased performance 
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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 

183

research directions highlighted in this paper revolve 
around the need for better security measures and future 
integrations with new technologies. 

Zhao et al.[20] discussed what has prompted open-
source-defined wireless networks and introduced several 
frameworks 0g for efficient network management, 
security enforcement, and performance optimization in 
modern wireless communication systems.

Control Layer

In SDWN architecture, the Control Layer is logically 
centralized for network management, resource 
placement, policy creation and enforcement, and 
all other network behaviors. The Control Layer is the 
intermediary between the Infrastructure Layer (Data 
Plane) and the Application Layer, thus allowing for 
good communication and coordination throughout 
the network.[14] The controller is responsible for the 
dynamic configuration of network devices, optimization 
of resource allocation, and enforcement of security and 
quality of service policies. In separating the control 
plane from the data plane, SDWN allows central decision-
making, thus improving network flexibility and reducing 
network complexity.

Thus, this layer can orchestrate traffic routing and 
network operations in interaction with the infrastructure 
via southbound interfaces like OpenFlow and NETCONF 
while allowing outsider applications to influence 
network behavior through northbound APIs based 
on defined policies or ever-changing demands.The 
control layer also supports mobility management, load 
balancing, interference mitigation, and energy efficiency 
optimization. With software-driven automation and 
programmability, the control layer of the SDWN 
enhances adaptability, scalability, and performance in 
modern wireless networks, and thus serves a crucial role 
in deployments with 5G, IoT, and enterprise WLANs.

SDWN-Based Network Slicing for 5G & Beyond

Network slicing is the very soil of SDWN, which grows 
flexibility and agility into 5G and beyond networks. 
Although SDWN features existence of multi-virtual 
networks or slices as to an application IoT, smart cities, 
and independent vehicles, each of the types of slices is 
custom-made to optimize their requirements in terms 
of bandwidth, latency, and security. Besides this, SDWN 
also provides for dynamic reconfiguration of networks to 
real-time changes in network demand. Therefore, such a 
feature would assist in better resource utilization, reduce 
congestion, and boost overall network performance. 
Finally, SDWN-based network slicing employs AI-based 
automation and edge computing which further enhances 
the efficiency of the network infrastructures and 
functions as a priority for future wireless communication 
solutions.

In the SDWN architecture, the application layer hosts 
different network applications that seek to apply 
programmability for improving performance, security, 
and resource management. Meanwhile, intelligent 
decision-making based on real-time network conditions 
is facilitated via northbound APIs interfacing with the 
Control Layer. Application functions in this layer include 
traffic engineering, Quality of Service (QoS) optimization, 
mobility management, security enforcement, and 
network analytics. The application layer, via software-
driven policies, permits dynamic changes to bandwidth 
allocation; reduction in interference; and coordination 
of handover management of wireless networks. 
Likewise, through programmability, each network 
administrator or service provider can create custom 
applications optimized for specific requirements, like 
video streaming quality optimization, management of 
IoT device connectivity, or analysis for energy-efficient 
operation of their networks. Further, AI and machine-
learning-based applications can analyze network data 
to predict congestion and automate performance 

Fig. 1: Software-Defined Wireless Networking (SDWN) Architecture
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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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improvement. The flexibility of this layer ensures that 
SDWN can be adjusted for different use cases, including 
5G networks, enterprise WLANs, IoT environments, and 
vehicular networks, which make it an integral part of 
modern wireless communication systems.

Figure 1 shows the architecture of a Software-Defined 
Wireless Network (SDWN). In three layers it has the 
Infrastructure Layer (Data Plane), Control Layer, and 
Application Layer. The Infrastructure Layer comprises 
networking equipment like wireless access points (APs), 
switches, base stations, routers, edge nodes, and IoT 
gateways that are responsible for data transmission and 
packet forwarding. The Control Layer has a centralized 
controller to manage resources within the network and 
further engage with the infrastructure southbound using 
interfaces such as OpenFlow, NETCONF, and REST APIs in 
the southbound domain. Network behavior is, therefore, 
adjusted northbound using APIs to interact with the 
Application Layer. 

In Application Layer rest various other software-based 
functions, such as traffic engineering, optimizing QoS, 
enforcing security, and performing network analytics, 
these action programs are key in providing dynamic 
control and optimization over wireless networks. 
With this capability, the flexibility, scalability, and 
programmability of network resources become pertinent 
in 5G, the Internet of Things, and enterprise wireless.

Key Domains Such As Security

In SDWN developments, the domains have been 
classified to best illustrate their impact on the modern 
networking scenario. Security is an essential domain 
where automated DDoS attack mitigation and AI-based 
intelligent threat detection have increased DDoS 
resilience and decreased response time immensely. 
Quality of Service (QoS) is another arena that has 
seen rapid and major improvements in performance 
parameters like latency, throughput, and packet loss, 
ensuring smooth data delivery. The fusion of SDWN with 
5G and AI has led to hyper-scalable, self-healable, and 
energy-efficient network architectures, enabling the 
solution to adapt to future communication requirements.

Each one of these categories is a factor that benefits 
the network in terms of performance and reliability. 
Security enhancements keep a network resilient to the 
cyber attacks, and QoS enhancements improve the user 
experience by minimizing delays and maximizing data 
rates. By integrating 5G and AI, networks can automate 
intelligent decisions where they adjust to real-time 
traffic and application demands.[15] These will act as 
the primary foundation pillars for developing future 

next-generation wireless networking solutions, as SDWN 
matures.

Result and Discussion

Performance Metrics

A statistical analysis of different SDWN architectures 
and technologies evaluates their performance along 
key metrics including latency, throughput, packet loss, 
scalability, and security resilience. Comparative studies 
show that centralized SDWN architecture incurs 10-20% 
lower network management overhead as compared to 
traditional wireless networks on account of decision 
making at the central point. However, in large-scale 
deployments, it experiences up to 15-30% higher latency 
at the controller due to central system bottlenecks. 
Hybrid SDWN architecture, on the other hand, actualizes 
an improvement in overall scalability by 25-40% through 
data distribution among control functions and results 
in better fault tolerance by 10-15% through control 
distribution rather than control at a central point. 
Security analysis specifies that the centralized SDWN is 
40-50% faster than the distributed SDWN for detection of 
any threats since it has an overall view of the network, 
while it incurs risks of attacks that are enhanced by  
20-30% due to the single point of failure. The distributed 
SDWN limits the scope of attacks such as DDoS to 35-50%,  
thereby providing more resilience to the network. 
Comparison of efficiencies shows that an edge-enabled 
SDWN reduces the response time by 20-35% within 5G 
and IoT networks, thereby optimizing latency-sensitive 
applications. From these results, it can be inferred that 
while the centralized SDWN is efficient for small-scale 
networks, hybrid and distributed SDWN architectures 
are more suited for security, scalability, and efficiency 
in large-scale and mission-critical wireless deployments.

The comparative analysis in this table 1 is devoted to 
various Software-Defined Wireless Networks (SDWN) 
architectures, where comparison pertinent to key 
performance metrics such as latency, throughput, 
scalability, security, fault tolerance, and energy 
efficiency can be achieved. The comparison mainly 
constitutes Traditional Wireless Networks, Basic SDWN 
(Centralized Controller), Hybrid SDWN (Centralized + 
Distributed), and AI-Driven & Edge-Integrated SDWN.

Solutions for Flexible and Scalable Communication in 
SDWN

The Software-Defined Wireless Network (SDWN) is 
indeed a revolutionary technology to combat the 
modern challenges of flexibility, scalability, and 
security in wireless communication systems. Now, the 
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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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performance of SDWN has improved significantly with 
the convergence of AI, edge computing, and adaptive 
networking solutions.

The movement of a technology from Traditional Wireless 
Networks into AI-Driven & Edge-Integrated SDWN 
has actually grown significantly across performance 
measures. Latency, for example, has reduced from 
about 50-100 ms in the older traditional networks to 
less than 3-10 ms within the AI-driven SDWN, rendering 
it useful for real-time applications like IoT or 5G. 
Likewise, the throughput ranges from 1-5 Gbps in 
legacy networks to about 20-50 Gbps, thereby vastly 
improving the rate at which data can be transmitted. 
Packet loss occurs at less than percentage <1, making 
the communication quite reliable. Now, instead of a 
few hundred nodes, scalability can support over 50,000 
IoT devices, indicating a more significant step toward 
meeting future needs of connected systems demand. 
The response time in security has been vastly cut down, 
as systems going AI-driven SDWN now hold it down to 
5-30 ms for response time, increasing DDoS endurance 
while improving fault tolerance. The energy efficiency 
has also been optimized up to between 95-99%, which 
goes a long way toward having a sustainable network. By 
bridging all these areas, AI integration achieves the most 
effective way today to present future-ready solutions for 
wireless communications needs.

Fig. 2:  SDWN Performance Classification

ROC (Receiver Operating Characteristic) curve is 
a graphical representation that represents how a 
classification model performs in terms of True Positive 
Rate (TPR) and False Positive Rate (FPR) at various 
threshold settings. It evaluates the performance of 
different models in their discrimination capability 
along the classes. The diagonal line indicates a random 
classifier having AUC of 0.5. The greater the area under 

Table 1: Comparative Analysis of Advances in SDWN Architectures

Metric
Traditional Wireless 
Networks

Basic SDWN 
(Centralized 
Controller)

Hybrid SDWN 
(Centralized + 
Distributed)

AI-Driven & Edge-
Integrated SDWN

Latency (in ms) 50–100 ms 20-50 ms (lower by 
15-30%)

10-25 ms (lower by 
10-15% compared with 
centralized)

3-10 ms (lower by 20-
35%)

Throughput  in (Gbps) 1–5 Gbps 5-15 Gbps (3 times 
greater)

10-25 Gbps (25-40% 
higher)

20-50 Gbps (50-100% 
higher)

Packet Loss (%) 5–10% 2–5% (optimized 
control)

1–3% (load better 
balanced)

less than 1% (real time 
optimization)

Scalability (Nodes/
Devices)

100–500 nodes 1,000 nodes (doubled in 
number)

More than 5,000 nodes 
(5 times increased)

More than 50,000 IoT 
devices (10 times 
improved)

Security Response Time 
(ms)

100–200 ms 50–100 ms (40–50% 
faster)

30–80 ms (balanced 
security)

5–30 ms (AI-driven 
security)

DDoS Resilience (%) 30–50% 60–70% (improved 
central control)

70–85% (better 
mitigation)

85–95% (AI-driven threat 
detection)

Fault Tolerance (%) 40–50% 50–60% (risk of 
controller failure)

65–80% (distributed 
backup)

90–99% (self-healing 
mechanisms)

Energy Efficiency (%) 50–60% 70–80% (optimized 
resource use)

80–90% (adaptive power 
management)

95–99% (AI-driven 
energy control)

Overall Network 
Efficiency (%)

50–60% 70–80% (centralized 
control)

80–90% (better 
performance balance)

95–99% (optimized for 
IoT, 5G)
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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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the curve (AUC), the better trained the model. For SDWN 
performance classification, ROC concerned identifying 
High versus Low network efficiency based on various 
parameters such as latency, throughput, and security 
resilience.

In this, the AUC (area under the curve) is 0.68 which 
means a quite moderate classification potential. 
The curve trends above the diagonal, which means 
that although the model is doing better than random 
guessing, it still requires improvement. The shape of the 
curve indicates that the model achieves TPR relatively 
high while keeping FPR steadily increasing. More 
developments such as various modern AI optimization 
techniques or tuning of classification thresholds could 
be looked into for improving performance toward better 
SDWN efficiency classification.

The AI-Driven and Edge-Integrated software-defined 
wireless networks (SDWN) architecture outclasses nearly 
all conventional and hybrid methods by attaining very 
low latencies (3-10 ms), very high throughputs (20-50 
gigabits/sec), and scalable management of over 50,000 
IoT devices. AI enables performance optimizations, and 
this architecture is enhanced for security, resilience to 
DDoS attacks (85-95%), and better energy efficiency (95-
99%), rendering it the most trusted and reliable design 
compared to its predecessors in terms of improved 
performance, self-healing, and seamless integration 
with newer technologies such as 5G and IoT.

Conclusion and Future Work

Artificial intelligence and edge integration in design 
have shown SDWN to surpass classic and hybrid critically 
in performance, security, and adaptability. The latencies 
of AI-integrated SDWN architectures were found to be 
very low (3-10 ms), with higher throughput rates (20-
50 Gbps) and better scalability supporting more than 
50,000 IoT devices for applications of great interest in 
the context of ultimate applications in 5G and IoT. In 
addition, DDoS protection becomes 85-95% effective, 
and fault tolerance enhances up to 90-99% improving 
AI-based SDWN network resilience for secure and 
robust network infrastructure. ROC analysis was used 
to validate AI-based classification optimization with 
an AUC of 0.68, thus promoting the role of advanced 
machine learning techniques in SDWN evolution. Rather, 
the highly distributed AI augmented SDWN presents an 
overall performance efficiency ranging between 95 and 
99 percent, which is superior to the proper centralized 
architectures in every aspect without exception- self-
healing capacity, security, and performance-under 
strength. So, the glow of the path now must focus 

on integrating blockchain for decentralized security, 
quantum encryption for advanced security, plus utilizing 
AI-enhanced predictive analytics to drive intelligent 
network management to ensure that the wireless 
communication system continues to evolve flexibly and 
scale smoothly. 

From the introduction of SDWN, there has been a steady 
record improvement in performance, security, and 
efficiency. Hypothetically, interpreting and optimizing 
SDWN architectures for next-generation wireless 
networks can foster new research directions. Such 
resolutions are future-directed work involving AI-driven 
predictive modeling to enhance real-time adaptation 
and resource allocation. Moreover, blockchain-
based security integration mechanisms will provide 
decentralized tamper-proof control and hence minimize 
vulnerability to cyber attacks. Lightweight AI models 
should be looked into for real-time edge processing of 
IoT and resource-constrained environments. To address 
future security concerns in 6G and beyond, quantum-
resistant SDWN architectures will also need to be built. 
All these developments will be geared toward building 
a very resilient wireless network infrastructure that 
is autonomous and self-optimizing, thereby ensuring 
seamless connectivity and adaptability in a fast-evolving 
technological landscape.
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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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