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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

Antenna developments not only enable efficient data transmission among connected 
devices but also define perfect connectivity for Internet of Things (IoT) ecosystems. Among 
the challenges limiting IoT system scalability and reliability of existing techniques are 
limited signal range, interference, and excessive energy use. The IoT Ecosystems Powered 
by Advanced Antennas (IoT-E-AA) platform is presented in this work to address such 
challenges. Among other techniques to increase energy economy, reduce interference, 
and enhance signal quality, it makes use of beamforming, multi-band antenna design, 
and adaptive power management. Particularly benefiting from the recommended strategy 
are applications in smart cities, healthcare, and industrial automation—where robust and 
persistent communication is absolutely vital. In assessment IoT-E-AA exhibits decreased 
latency, better network efficiency, and longer gadget lifespan. These findings reveal 
more durable and strong IoT infrastructure as well as how effectively improved antenna 
technologies might promote the production of the future IoT connections.
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Introduction

Fast growth of IoT is altering the interactions and data 
sharing among the devices; hence, innovating new ideas 
in a lot of industries, be it industrial automation, smart 
cities, or in the field of healthcare.[1] IoT networks 
depend the most on the purpose for which the antennas 
are created to guarantee perfect connection as well as 
outstanding data transfer.[8] While they offer persistent 
challenges such as limited signal range, interference, and 

too high energy consumption, existing antenna solutions 
that reduce the reliability and scalability of IoT networks 
continue to pose problems.[3, 13]. The increasing density of 
connected devices exacerbates these issues and requires 
novel approaches to improve network performance.[2]. 
It offers IoT-E-AA architecture, a full solution to climb 
beyond the limitations of current technologies.[9, 14]

Using innovative technologies including beamforming, 
multi-band antenna design and adaptive power 
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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:

KEYWORDS: 
 comparator,  
gain,  
offset voltage,  
cadence, 
spectre.

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

DOI:
https://doi.org/10.31838/jvcs/06.01. 03 
 
 
 
 
 
 
 
 

 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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management that reduce interference and maximize 
signal strength IoT-E-AA helps in enhancing the 
quality of signal and thereby reduces interference.[4]  
The architecture is aimed to enable important IoT 
applications, such as real-time monitoring and control 
systems that demand strong and constant connectivity.[10] 
This paper reveals how much improvements in antenna 
technology can bring towards improving performance 
and sustainability in IoT ecosystems, therefore paving 
the way for next developments in connected systems.[5]

Contribution of this paper,

• Development of the IoT-E-AA framework combining 
beamforming, multi-band antenna design, and 
adaptive power management to solve IoT network 
constraints. 

• Optimization of energy usage, interference 
reduction, and signal quality enhancement for IoT 
connection in many applications. 

• IoT-E-AA’s efficacy shown in real use cases via 
lowered latency, improved network efficiency, and 
longer device lifetime.

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

Hybrid Communication Systems (HCS)

The suggested approach emphasizes on combining 
wireless communication systems with power line to 
provide hybrid communication systems improving data 
transfer in interior and exterior settings. Combining the 
functionality of both systems enables this integration to 
deliver more consistent and effective communication.
[6] This paper explores many hybrid communication 
systems along with its technological, industrial, and 
standardizing features.[15] Together with design ideas 
for hybrid communication devices and qualitative 
evaluations to direct further developments in fields such 
smart grids, IoT, and Industry 4.0/5.0.

5G Connectivity Innovation (5G-CI)

This paper investigates the revolutionary opportunities 
of 5G technologies along with its low latency, ultra-fast 
speeds, and network efficiency.[12]. It underlines how 
5G is transforming sectors like industry, smart cities, 
healthcare, autonomous driving, and sector as well. 
By means of case studies from China and South Korea, 

the paper exposes useful applications and advantages. 
Emphasizing the cooperative efforts needed for optimal 
deployment, it also addresses issues in 5G adoption 
including infrastructure demands and security concerns, 
therefore portraying 5G as a major driver of future 
technical and social growth.[7] 

6G Antenna Innovations (6G- AI)

This paper analyzes the advances in antenna technology 
required for the building of the 6G wireless network. It 
emphasizes how metamaterials allow ultra-thin, efficient 
antennas operating at higher frequencies required for 
6G to be built.[11] Additionally, it illustrates how well 
Mass MIMO put together reduces interference and 
increases signal reception via beamforming. This paper 
analyses innovative concepts, design approaches, and 
novel materials aimed to allow the high-performance 
infrastructure needed for 6G operate. 

Proposed method

Fig. 1: Innovative Antenna Solutions for  
Seamless IoT Connectivity

Figure 1 demonstrates how improved antenna tech-
nology allow perfect IoT communication. Beginning 
with low-power, compact antenna designs, it mixes IoT 
technologies like LoRa, Wi-Fi, and 5G. Key technologies 
include frequency tuning and beamforming address signal 
interference and bandwidth bottlenecks, therefore 
ensuring consistent data flow. Strong connectivity across 
many IoT applications like smart homes, industrial 
IoT, and healthcare monitoring is guaranteed by this 
approach. 

Figure 2 shows an IoT connectivity system obtained from 
satellites. It displays ground stations, Iridium satellite 
network, RockBLOCK modules. IoT devices may transmit 
and receive data via satellite, hence this approach is 
ideal for remote or challenging environments where 
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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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terrestrial networks are either missing or unreliable. 
Modern antenna technologies ensure constant 
communication and expand the IoT application reach.

Result and Discussion

Analysis of latency
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Fig. 3: Graphical representation of Latency reduction

By varying signal directionality via beamforming 
and allowing multi-band communication, the IoT-E-
AA architecture drastically lowers latency (figure 3). 
These devices effectively control traffic and remove 
interference, therefore reducing transmission delays. 
Faster, more responsive communication is ensured as the 
platform proved to be able to provide a 32.14% average 
latency reduction in time-sensitive IoT applications 
including industrial automation and healthcare.

    rd g[l-pv’’]:→La[3r-vq’’]+9bd[l-dji’’]    (1)

Several variables impact performance, including signal 
range  gain, interference (l—pυ: →)),)), and power 
efficiency La(3e–υq”. A combination of adaptive power 
administration (), interference reduction (l—dji),  
and beamforming improvements are used. These 
characteristics increase signal dependability, decrease 
interference, and enhance the energy economy of 
latency reduction.

Analysis of gadget lifespan

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

20 40 60 80 100

G
ad

ge
t l

ife
sp

an
 r

at
io

 (%
)

Number of Samples

IoT-E-AA
6G- AI
5G-CI
HCS

Fig. 4: Graphical representation of improving gadget 
lifespan

IoT-E-AA’s adaptive power management improves energy 
economy and optimizes transmission power to lengthen 
battery life (figure 4). Reducing power waste during low- 
or idle-activity times helps the framework extend device 
lifetime. Particularly helpful for resource-strapped IoT 
installations in places including smart cities, where 
gadgets need a long-term, sustainable operation, 
results revealed a startling 94.33% increase in gadget  
longevity.

          [4n-mas’’]:→Nj[4n-Fedl-fs’’]+Jas[4w-xs’’]    (2) 

Antenna frequency  and important aspects like multi-
band adaption 4n-mas’’, decreased noise (Nj[4n-Fedl-
fs’’]), and channel optimization (Jas[4w-xs’’]) are 
captured by the equation 2. This method guarantees 
effective communication in difficult conditions while 
minimizing energy use on the improving gadget lifespan.

Conclusion

This paper presents Internet of Things Ecosystems IoT-
E-AA architecture, also known as Internet of Things-
Enhanced Antennas. This design aims to overcome 
some of the most important problems related with IoT 
connections by using upgraded antennas. These problems 
include energy use, signal interference, and delay. This 
comment covers many ideas, including beamforming, 
adaptive power management, and multi-band network 
architecture. The IoT -E-AA standard points out a 
drop in latency of 32.14% and an increase in device 
lifetime of 94.33%. These results provide evidence 
that the framework is effective in enhancing network 
performance; hence, it is well suited for significant 
applications in the fields of smart cities, healthcare, 
and industrial automation. In addition, they strengthen 
the reliability and sustainability of ecosystems that are 
connected to the IoT devices.

Fig. 2: Satellite-Enabled IoT Connectivity
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This paper presents the design of a comparator with low power, low offset voltage, 
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technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
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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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Future work: Integrating IoT-E-AA with developing 5G 
and beyond technologies will be the main focus of next 
development to enhance connectivity in ultra-dense IoT 
networks. Furthermore improving IoT-E-AA’s scalability 
and flexibility in various situations will be investigating 
machine learning-based approaches for dynamic power 
management and real-time optimization.
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