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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

The rapid proliferation of IoT devices requires the creation of small and effective antennas 
to allow smooth communication everywhere. The antenna designer has to cope with an 
overwhelming constraint to achieve small form factors while still retaining performance 
characteristics intact. Consequently, traditional design methods are conservative and tend 
to focus on one or more aspects such as size, efficiency, or bandwidth at the expense of 
other parameters, missing to scope many useful designs for IoT. This study introduces the 
open-source framework Genetic Algorithms for Miniaturizing Antenna Dimensions (GA-MAD) 
which is designed to fill these gaps. The framework employs evolutionary optimization 
methods to search the design space to find best configurations that trade off dimensions, 
efficiencies and functions. The developed GA-MAD approach is utilized to design antennas 
found in IoT devices operating in limited space hence significantly reducing their size 
whilst still preserving high efficiency and a broad range. The results indicate that GA-MAD 
outperforms past primary developed strategies in enhancing antenna performance by an 
astounding thirty percent, thus making it suitable for future IoT technologies.
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Introduction

The Internet of Things has evolved exponentially 
which has led to a requirement for small yet efficient 
antennas which would allow seamless communication 
in hyper connected environments.[1, 8] These antennas 
are important for the effectiveness and reliability of 
IoT systems therefore, traditional techniques may 
have to sacrifice one of the following parameters: 
size, bandwidth and performance.[9] Moreover, as the 
proliferation of smaller and intertwined IoT devices 
increases, the more difficult it is to manage these 
compromises.[3,4]. The following article presents a new 
genetic concepts aimed at solving the problem: GA-MAD. 
GA-MAD utilizes genetic programming which in turn 
assesses a variety of design options and identifies the 
ones that best achieve the required criteria of having 
a good balance between performance and size of the 

antenna design.[13] Case studies in which the proposed 
architecture is applied are such where compactness of 
designs is called for thereby resulting in sizeable gains 
in efficiency and bandwidth while still maintaining the 
size.[5] This GA-MAD would represent an enormous step 
forward for antenna engineering in next-generation IoT 
devices by enhancing antenna performance by 30% over 
the conventional technique.[2, 6]

Contribution of this paper,

	Proposes the GA-MAD framework for improving 
antenna miniaturization while preserving high 
efficiency and bandwidth, hence tackling primary 
obstacles in IoT applications.[10]

	Using evolutionary design optimization, shows a 
thirty percent improvement in antenna performance 
over conventional techniques.
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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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Proposed Method

The rapidly growing IoT domain has now led to a 
demand for compact high-performance antennas of an 
unprecedented level. In addition, they are crucial to 
make connectivity seamless while addressing the very 
strict spatial and power constraints associated with IoT 
devices. In this context, the developed method focuses 
on the optimization of compact antennas that have 
been desig ned particularly for ultra-connected IoT 
systems. By utilizing advanced optimization techniques 
and evolutionary algorithms, this design ensures that 
these antennas meet the performance specifications 
and also adapt to the highly challenging environments 
encountered in applications related to IoT. This chapter 
presents a methodology for the design and optimization 
of antennas in this category, offering a trade-off between 
small size, efficiency, and multi-protocol support for 
modern IoT ecosystems.

Fig. 1: Optimized Compact Antennas for Ultra-Con-
nected IoT Devices

Figure 1 shows how to construct small antennas so that 
they can be installed on ultra-connected Internet of 
Things devices. After stating the ultrasound parameters 
such as frequency, bandwidth of a particular antenna, 
material selection, critical phase integration of 
subsystems and performance measurement follows. 
To minimize power usage while achieving optimal 

	Validates the GA-MAD framework using pragmatic 
IoT antenna designs, hence obtaining notable size 
reduction appropriate for ultra-connected situations.

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

6G Security and Trust-by-Design Framework (6G-STDF)

It proposes a complete basis for 6G network security 
and trust using ideas of security-by-design and trust-
by-design. Strong security systems and trust protocols 
offered by these concepts allow perfect handovers 
in ultra-connected environments.[15]. The method 
addresses 6G-specific problems, application domains, 
and customer concerns[11] even as performance standards 
for safe communication are being developed. Including 
these concepts into the 6G design helps to increase 
functional security and trust, therefore supporting a 
stable and secure 6G ecosystem.

Coalition Game-Based Resource Allocation Framework 
(CGB-RAF)

This paper suggests a coalition game-based method for 
clusterering small cells in multi-macrocell networks with 
dispersed drone small-cell base stations with massive 
MIMO. By maximizing the signal-to----interference 
ratio, the approach reduces intercell interference. 
Two subproblems handle resource allocation: power 
allocation and subchannel allocation handled using 
the Hungarian approach.[7] Furthermore presented are 
centralized and Stackelberg game-based distributed 
methods that optimize energy economy (EE). With regard 
to execution time and EE, the game-based approach beats 
conventional clustering and centralized approaches.

6G Security and Trust Framework (6G-STF)

Emphasising security-by-design and trust-by-design 
ideas, the paper suggests a security and trust 
architecture for the 6G ecosystem. These ideas direct 
the creation of security mechanisms to guarantee 
flawless and safe handovers in highly linked systems. 
Emphasizing application-specific domains and customer 
concerns, the framework solves problems in functional 
security and trust.[14] It provides a strong and scalable 
answer to improve dependability and trustworthiness in 
next-generation wireless networks, hence establishing 
performance requirements for 6G security methods.[12]
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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 
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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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connectivity, there is a demand for efficient multi-
frequency antennas designed for use within 5G, LoRa, 
and Wi-Fi communication systems for the Internet of 
Things (IoT) in devices with limited available space. To 
ensure effective communication and connection across 
space-limited devices that have low power requirements, 
the target is to design highly efficient multi- frequency 
antennas operating on 5G, lora, and Wi-Fi systems for 
Internet of Things Communication.

.

Fig. 2: GA-MAD: Evolutionary Antenna  
Miniaturization Framework

Figure 2 illustrates the GA-MAD architecture by 
maximizing antenna size for IoT use using evolutionary 
algorithms. Beginning with simple antenna settings, 
the method moves toward evolutionary optimization 
via selection, crossover, and mutation. The framework 
looks over the design space for combinations that 
combine economy, performance, and scale. The result 
is a reduced antenna design with optimal performance 
that offers a solution for limited-sized high-performance 
Internet of Things devices.

The two-phase process-based methodology for resolving 
the complexities involved with the miniaturization of 
antennas of IoT applications has been suggested. At 
phase one, parameters include specifying the range of 
operating frequencies, bandwidth, choice of material 
selection, further integrated subsystem integration and 
detailed testing for the performance with appropriate 
standards, to deliver fully functional, power saving 
antennas for communication protocol types including 
5G, LoRa, Wi-Fi applications, and so forth. The GA-MAD 
framework uses evolutionary algorithms for further 
refinement of antenna design. Through selection, 

crossover, and mutation, the framework systematically 
explores the design space and identifies compact, high-
performance antenna configurations. The output is a 
highly optimized antenna design that meets the space-
constrained IoT devices and ensures reliable and efficient 
connectivity. It is a robust and scalable solution for the 
pressing challenges of antenna design in ultra-connected 
IoT applications.

Result and Discussion

Analysis of performance

Fig. 3: Graphical representation of Performance

With an efficiency rating of 95.78% shown in Figure 3, 
the GA-MAD framework delivers a stunning performance 
gain. This emphasizes its capacity to maximize antenna 
layouts for high-efficiency transmission. Evolutionary 
algorithms that give bandwidth and signal strength 
first priority help to provide dependable and strong 
connectivity for IoT devices in confined and highly linked 
locations. 

 Vf s[9-vf’’ ]:→Ja[dxD-LD’’ ]+nA[4K-Iuik’’ ]    (1)

The fitness function that genetic algorithms  optimize 
is deno→ymbol  in the equation 1. Size, efficiency, 
and bandwidth limits are reflected in the interactions 
between the components  and , which stand for design 
variables such as dimensions and material qualities, 
and . The GA-MAD algorithm guarantees balanced 
performance in array miniaturization by repeatedly 
changing these parameters on performance.

Analysis of size reduction

Fig. 4: Graphical representation of Size reduction
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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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By the ratio of 24.74% the GA-MAD framework drastically 
lowers antenna size while preserving the ideal 
performance demonstrated in Figure 4. It investigates 
small designs with minimum physical dimensions using 
evolutionary algorithms, therefore conserving bandwidth 
or efficiency without compromising physical dimensions. 
IoT applications depend on this development as device 
downsizing is critical and allows perfect integration 
of antennas into ultra-compact and resource-limited 
surroundings, therefore satisfying the needs of next-
generation IoT systems.

  ∂f [5v-fp’’ ]:→Mn[erk-njk’’ ]+9 vh[4r’-zq’’ ]    (2)

The optimization gradient is denoted by  in the equation 2,   
specifies the material and network features that impact 
the efficiency of the antenna, and  encompasses the 
trade-offs between bandwidth and performance, 
denoted as . Miniaturization and resilient performance 
under all operational restrictions are achieved during 
this phase by fine-tuning evolving designs on the size 
reduction representation.

Conclusion

The GA-MAD framework, a novel method of developing 
small-sized antennas for Internet of Things devices, is 
presented in this paper. Using evolutionary optimization, 
the framework solves important problems in striking a 
compromise between bandwidth, efficiency, and size 
reduction. GA-MAD yields a size reduction of 24.74% and 
shows a performance increase of 95.78%, far beyond 
conventional techniques. These developments make 
GA-MAD a strong choice for building high-performance 
antennas in limited, ultra-connected surroundings. 
Through creative antenna designs ideal for performance 
and downsizing, our study helps to create next-
generation IoT systems maintaining smooth connectivity. 

Future work: Extensive GA-MAD will be included in 
future studies to enable multi-band and multi-functional 
antenna designs, thereby serving various IoT uses. Further 
research will confirm resilience by means of real-world 
testing in diverse operating contexts. Using cutting-
edge antenna materials and innovative optimization 
methods using hybrid machine learning algorithms will 
improve design efficiency. Furthermore investigated will 
be adaptive approaches for real-time tweaking to meet 
dynamic needs of future-generation IoT networks.
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Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology
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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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