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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

National Journal of Antennas and Propagation, ISSN 2582-265960

Secure “Cloud Computing” based Power 
Analytics Framework in Construction of Power 

Analytics Framework
Junjie Li 1, Ernawati Bin ti Mustafa Kamal*2, Khoo Terh Jing3

1Ph.D. Candidate, School of Housing, Building & Planning, University Sains Malaysia 
2,3Doctor, School of Housing, Building & Planning, University Sains Malaysia 

KEYWORDS:
Urbanization, 
Household Electrical devices, 
Residential Buildings, 
“cloud computing”, 
Security Score, 
Power Analytics  

ARTICLE HISTORY:
Received 08.09.2024              
Revised 24.10.2024
Accepted  14.11.2024

DOI:
https://doi.org/10.31838/NJAP/06.03.08

Abstract

The buildings use a lot of power or energy and produce a lot of data. In order to boost an 
area’s economy, electrification is seen as a major step forward. The growth of massive 
buildings to house large populations has been made possible by rapid urbanization, which 
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analytics is a way to reduce power use, often in homes, by making use of sophisticated 
computer programs. Energy or power analytics powered by cloud-based data processing 
are made possible by this study’s comprehensive five-layer architecture, which gathers 
data from power monitoring edge devices. On top of that, the framework uses a security 
score to keep an eye on the registered devices and prevent unwanted access to the cloud 
data. An all-inclusive and adaptable framework, it can include AI-driven technologies that 
can be controlled from a cloud platform. 
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Introduction

Multiple interdependent and ever-changing elements 
play crucial roles in the development of metropolitan 
systems. As they are subject to political structures, these 
units ensure that society runs smoothly.[1] To ensure the 
efficient setup of the urban setting, these interconnected 
parts are based on the concepts of efficiency, flexibility, 
and sustainability. A large number of homes and 
businesses are being planned and built-in “smart cities” 
as a consequence of the increased urbanization caused 
by the population boom.[2] Modern computer approaches 
and ICT (information and communication technologies), 
such as the “Internet of Things” (IoT), “Cloud Computing” 
(CC), and “Artificial Intelligence” (AI), have greatly 
accelerated urbanization. The majority of the structures 
rely on various forms of power and electricity. There 
would be no modern life without them as the bedrock. 
For vital urban systems to function efficiently, power 
is a necessary component. The relationship between 
population, urbanization, and power is seen in Fig.1. As 

seen in Fig.1, the world’s most populous country, China, 
is seeing an increasing trend in both its gross domestic 
product (GDP) and power utilization.

Fig.1. Triad Illustrating the Interconnection among 
Power, Urbanization, and Population Growth

More research is needed to determine the effects of 
different power sources, how easily accessible they are, 
and how people utilize them, especially in urban areas.[4]  
As a consequence of global evolution towards a unified 
intelligent infrastructure, smart cities have emerged as 
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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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a means to attain a balance between stability and power 
efficiency. A sophisticated technological basis supports 
a strong urban power system in smart cities. More 
effective, long-term, and aesthetically pleasing power 
reductions are the primary focus of this structure.[6, 7] 

  

Fig.2. Power Utilization Increment and China’s GDP

Literature Review

Fig.3 exhibits that the focus of smart cities is dependent 
on several criteria. The demand for power has skyrocketed 
due to the dramatic increase in urbanization, population, 
and internet-connected devices. So, it’s not easy to 
access, utilize, manage, or assess the massive amounts 
of data that cities, objects, and buildings are producing 
and receiving. The “International Data Corporation” 
(IDC) predicts that by 2025, the total quantity of data 
created will surpass 175 ZB. Nearly 40% of all power 
use occurs in buildings, as reported by the European 
Union. As a result, the building industry should prioritize 
reducing power use in its climate policy efforts. 

Fig.3. Smart Cities’ Focal Element

Improving power management for different kinds of 
buildings requires a focus on building power utilization 
and monitoring. When seen in this light, innovations 
like the cloud and the “Internet of Things” become 
indispensable resources. Scalability, high acquisition 
prices, and interoperability issues are just a few of the 
challenges that come with using these technologies.[9] 
New power-saving regulations are reshaping the building 
sector, which is a major user of produced power, by 
encouraging low-power utilization constructions called 
net “Zero-Energy Buildings” (ZEB).[10] Minimizing power 
utilization is the goal of “Zero-Energy Buildings” (ZEBs). 
Renewable power sources that provide enough power to 
meet the building’s power needs should also be a part of 
it. According to a research published by the International 
Power Agency, digitalization of buildings has the potential 
to improve operational efficiency by reducing power 
usage by 10% via the use of real-time data. 

Factors including exposure, insulation quality, and the 
effectiveness of temperature management determine a 
building’s power efficiency. To improve the power/energy 
efficiency of buildings, including residential and non-
residential, the “European Commission” has laid down 
the “Power Performance of Buildings Directive” (EPBD). 
This establishes legally binding performance standards 
for newly built and renovated buildings according to 
indoor climatic conditions,[13] and it also requires the 
enforcement of power performance certification for 
current buildings in areas such as hot water heating, 
space management, HVAC system assessment, thermal 
insulation and ventilation. Fig.4 exhibits the power usage 
of common household utilities. An increase of 5% in power 
production has not eliminated the power shortage. 

Fig.4. Power Utilization by Diverse Household 
Electrical devices

For a building to be resilient and sustainable during 
its lifetime, the Buildings Value Chain (BVC) needs an 
extensive power transition plan. The power that these 
structures need is generated in the immediate vicinity. 
Using cutting-edge ICT to design intelligent settings 
is crucial due to the increasing power demands of 
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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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buildings.[14] Amounting to hundreds of gigabytes, the 
data they generate about power use is taken from 
individual devices. Building power management systems 
of the future will need to sift through massive volumes 
of heterogeneous data, either produced in real-time or 
stored as past data, in order to obtain useful insights 
for making educated decisions.[17]  These advancements, 
in conjunction with CC and power analytics, have been 
instrumental in the creation and launch of several 
innovative power-saving products and services with 
the goal of better power management. Using state-of-
the-art computer technology, a framework for power 
analysis of residential constructions must be developed.  

Residential Buildings and Power Efficiency

Buildings that use less power are really important right 
now. Compared to supply-side capital investments, long-

term investments in power-efficient practices are much 
cheaper.[18, 19] In comparison to expenditures in supply, 
the adoption of power-saving technologies requires 
much less time. Consequently, governments stand to 
gain by establishing power efficiency goals for residential 
structures, since this might lead to substantial power 
savings. Table 1 exhibits the average power use of 
different household electrical devices.

The diminution in power usage in domestic structures 
also enhances the quality of service inside the building. 
Fig.5 illustrates many power conservation techniques 
in residential settings. The prospective advantages of 
power reduction are listed below:

• Minimized space heating, cooling, and water 
heating

• Reduced power utilization for lights, residential 
electrical devices, and business equipment

• Reduced upkeep 

• Augmented comfort

• Enhancement in real estate valuation.

Fig.5. Power Conservation Alternatives  
in Residential Structures

Power Analytics in Residential Buildings

Accurate analytics may provide light on the current state 
of residential constructions by measuring power usage 
and consequent savings. Data from a wide variety of 
sources may be collected using power-efficient methods 
or systems. Power usage data are often reported, as 
seen in Fig.6.

Data on power footprints may be gathered from individual 
buildings or from all of the electrical devices in a certain 
area.[20-22]  Interior air quality has a major impact on light 
levels. From this vantage point, it is possible to collect 
information on things like humidity, light, temperature, 
and CO2 emissions.[23] Accurate power-saving measures 

Table 1. Power Utilization Spectrum of  
Diverse Domestic Electrical Devices

Category Appliance
Power Usage 
Range (Watts)

Lighting Standard Bulbs 60–100

Tube Lights 9–18

Power-Saving Bulbs 3–85

Kitchen Equip-
ment

Electric Stove 450–1500

Water Cooler/Heater 500–670

Food Processor/
Blender

250–700

Fridge (Average) 225

Deep Freezer 277–386

Bread Toaster 700–1300

Coffee Machine 700–1300

Microwave Oven 600–1550

Electric Water Boiler 800–3000

Laundry & 
Beauty

Clothes Washer 200–460

Hair Styling Dryer 800–2200

Floor Vacuum 700–2300

Water Geyser 1500–5000

Clothes Ironing Press 800–2400

Entertainment Cell Phone Charger 2–4

Television 70–339

Desktop Computer 80–120

Laptop 60–250

Cooling & Heat-
ing

Air Conditioning Unit 845–12,500

Electric Fan 47–140

Space Heater 1500



National Journal of Antennas and Propagation, ISSN 2582-2659 19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

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 
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can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
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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 

63

Junjie Li, et al : Secure “Cloud Computing” based Power Analytics Framework in Construction of Power Analytics Framework

are taken after gathering outside weather data from 
meteorological sources or online sources. Humidity, 
temperature, wind speed and direction, solar radiation, 
and other similar variables are often gathered. Without 
regulation of user behavior, efforts to reduce power 
use will be ineffective. Occupancy, electrical appliance 
control, temperature regulation, and window opening 
management are all physical behaviors that sensors can 
detect. Personal habits and degrees of comfort are two 
examples of how user preferences impact the creation 
of an effective power-efficiency solution. Fig.7 exhibits 
the power utilization of Chinese residential structures 
corresponding to.[27] Climate Change Working Group, 2007. 

Fig.7. Power Utilization by Principal Activities in 
Residential Structures of China

The development of interactive interfaces is vital to 
the application ecosystem and the provision of power 
analytics. These interfaces enable the deployment of 
complex feature sets. It is also possible to employ public 
cloud-based services.[28]  The following are examples of 
the several tiers that make up the power analytics:

The following opens the door to the prospect of 
automated learning approaches enabling case-by-case 
reasoning for comprehensive data visualization.

• Data segregation, either physically or digitally, 
is a key component of cloud administration, a 
storage and administration service. Improving 
infrastructure and resource scalability is a major 
challenge. 

• The use of scattered transactions and the 
acquisition of proper authorization allow for 
authentication.

• Supply, administration, and improvement of 
technological resources are all made easier by 
the social machine.

• Programmatic Interface for Applications: The 
idea that cloud services may be accessed via a 
web portal or browser is made clearer in this 
way. 

As for this, improving power analytics across all sites 
requires a safe, all-encompassing design that makes use 
of “cloud computing”. A secure framework for producing 
power analytics for residential buildings is proposed in 
this paper, which acts as a forerunner.

This section provides a concise overview of important 
research on building power analytics and conservation 
strategies. Using a micro-moment methodology, Himeur 
et al.[29] introduce a novel power effectiveness system 
that combines “hybrid edge-cloud computing”. A number 
of categories are used to classify the power observations, 
indicating whether the power use is normal or excessive. 
The integration of power efficiency is investigated 
by looking at recent advances in the development of 
intelligent buildings employing microgrids,[30] and it 
is evident that CC fosters dynamic communications 
between suppliers and consumers.

For the purpose of real-time power monitoring in 
buildings, there has been the implementation of long-
range IoT that is cost-effective and power-efficient.[31] 
The device detected leaks using Sigfox technology; it 
was based on the Arduino MKR FOX 1200. The project 
relies on easily deployable open-source technology. 
A power efficiency performance database has been 
created, which may be used as a resource for direct 
retrofit studies in commercial buildings.[32] The results 
of ten million “PowerPlus” replications, together with 
prototype models specific to the California region, are 
combined to create this. Saving money on power and 
other costs is the focus of this research.

Here, using a smart building template as a lens, it can be 
seen why the EU came up with regulations to transform 

Fig . 6: Assessment and Analytics of Power
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that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
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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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approaches, according to the extensive literature 
analysis. Yet, developing a secure “cloud computing” 
architecture with effective power analytics has 
received little attention in the academic literature. A 
key component of the proposed approach is the use of 
analytics into residential building power efficiency plans.

Methodology

Secure “cloud computing” “Power Analytics 
Framework” for Residential Structures

The following section lays out the plan for the 
infrastructure that would allow home appliance power 
analytics to be run over the cloud. Fig.8 is a flow diagram 
depicting the individual steps of the process. 

Fig.8. Initiatives in Power Analytics for  
Residential Structures

Supervising and evaluating power usage in residential 
buildings is challenging due to the multitude of devices 
produced by various companies, each functioning under 
distinct operational circumstances. This study examines 
many power indicators that aim to accurately represent 
the power demand landscape. These factors are crucial 
in forecasting future power utilization and are detailed 
in Table 2.

preexisting cities into smart buildings.[33] This regulates 
the use of “Internet of Things” (IoT) technology for 
power analytics in technical systems. The time needed 
to implement power-saving measures is decreased by 
this endeavor. Evaluating planar characteristics, such 
as outward show break lines and planar clusters, is an 
important part of segmenting a home’s point cloud.[34]  
A vector model is created from them with three 
dimensions. The research also sheds light on the 
interaction between these characteristics and infrared 
thermography. Building power-saving programs that 
have made use of IT systems are reviewed here.[35] As 
a result, this study presents an analytical system that 
makes use of the “Internet of Things” (IoT) and a smart 
system for effective building energy tracking. 

An intelligent building’s power management system 
(BEMS) that makes use of “cloud computing” to improve 
power management practices and tactics.[36] Connected 
to the cloud, it makes available a plethora of high-tech 
services that facilitate better power management. The 
limitations of the suggested system are clearly laid 
forth in this paper. Using gradient descent optimization, 
Muhammad Shoukat Aslam proposed a model for 
power-efficient residential constructions.[37] This model 
estimates the thermal load conservation of a building 
by analyzing its glass area, wall surface areas, density, 
and elevation. Here is a power-efficient architectural 
framework based on CC principles.[38] Data centers 
may improve their power efficiency and keep up their 
quality of service (QoS) by using power-aware allocation 
algorithms to allocate resources to customers. As it takes 
advantage of savings while improving power efficiency 
prospects, this model exhibits a lot of promise in the 
simulation results. 

To improve power utilization in healthcare, a novel fog-
to-cloud architecture is deployed for the Internet of 
Medical Things.[39] There are two modes of operation for 
the “Bluetooth-enabled biosensors” in this design: sleep 
and active. The design uses a continuous mode and a 
periodic sleep-wake cycle to control power utilization. 
The completeness and practicability of the power-saving 
architecture are shown by a study of a multi-agent 
system that is developed for power conservation.[40] 
The research delves into the inner workings of building-
related information agents that help with processing and 
decision-making in a power-efficient manner.  System 
development and trials produce improved results, 
according to the full result analysis.

Much research focuses on designing, developing, and 
implementing power-saving frameworks based on 
“cloud computing” utilizing different computational 
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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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Table 2. Power Analytics Indicators

Indicator Explanation

Device Utilization Summarizes the overall 
operation of household devices.

Utilization-Cost Ratio 
(CCR)

Monthly total power usage of 
the household.

Appliance Possession 
Index

Represents the variety of elec-
trical devices owned by individ-
uals in a specific income group.

Data Protection Rating Evaluates the risk of 
unauthorized data access.

By adding up the total amount of power used by all of 
the electrical electrical devices in a house, it gets easyto 
calculate the overall Equipment Augie (EqU).[41] A home’s 
total power use may be determined by multiplying the 
power rating (PR) of each individual appliance with its 
use time (T) and the total number of units owned (N). 
On average, this persists for 30 days. One may get the 
formula for the EU in Equation 1:

The usage price measure is another important indication 
in power analytics; it takes into account both the price 
of electricity and reports made from monthly power 
expenditures. A unit of measurement for utilization is 
the kilowatt-hour (KWh). In Equation 2, one gets the 
definition of the Usage Power Metric (UPM):

In this equation, the researcher compares the average 
electricity price to the household’s monthly spending 
(Ex). As there is no global system for pricing, its value 
varies from country to country. The premise here is 
that the typical family has five members, this measure 
is transformed into monthly per capita values. The 
following metric is related to the income level of 
households and the kinds of electrical devices possessed 
by such families. The Gompertz curve[42] exhibits the 
relationship between income and equipment ownership. 
It is from Equation 3 that is calculated with the estimate 
of Appliance Ownership (AO):

The electrical device denoted by ‘a’ and the income 
level represented by ‘In.’ are the two critical factors 
that determine the AO. AOmax is the sum total of all 
the electrical devices that a group of people owns.  

The regression analysis yielded the coefficients denoted 
by α and β. 

The total number of unauthorized or unregistered sensors 
that have gained access to the proposed framework via 
its internet connection is used to determine its security 
score. It is crucial to monitor their access since these 
devices might send data to the cloud. Equation 4 is used 
to determine the Security Score (SS):

Fig.9. A Safe Power Analytical Framework Being 
Proposed

The suggested framework is shown in its entirety in Fig.9. 
Power analytics, data collecting, modeling, integration, 
and the framework’s five levels make it all work. What 
follows is an explanation of the roles played by each 
layer:

Edge devices: These are the nodes in the network that 
keep an eye on the real world using sensors and other 
“Internet of Things” gadgets. In addition to monitoring 
natural and anthropogenic events, they also transmit 
data for additional analytics.

Data Acquisition: This crucial layer is responsible for 
tasks such as sensor registration, data collection from 
diverse sensors, and data preparation. One indication 
used to analyze the security component is sensor 
registration.
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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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When working with diverse sensors, data integration 
becomes even more important in order to provide 
meaningful information with semantic insight [43]. At 
this level, fusion of many types takes place, including 
data, features, sensors, and appliance-level integration.

Model development: This layer is all about creating 
models that deal with behavior, semantics, power 
efficiency monitoring, and security. Because these 
models may be reused and coordinated, they are created 
in cloud layers.

Power analytics: There are many different ways to 
approach power analytics. Analytics pertaining to 
user behavior, power utilization, security, and cost-
benefit analysis are among the most prevalent types 
of measurement. This is completed after the models’ 
output and before it is shown to the consumers.

Users may be alerted about the proposed framework’s 
output via the provision of recommendation systems, 
dashboards, or alerts. 

Enhancing power effectiveness and safety in residential 
building creation, AI technology plays a crucial role inside 
the Secure “cloud computing” Power Analytic framework. 
The framework successfully predicts power usage 
trends by incorporating machine learning algorithms 
to examine real-time data from IoT devices. Dynamic 
adjustment of power demand is made possible by this 
predictive capacity, which optimizes operating efficiency 
and considerably reduces waste. To further ensure the 
safety of sensitive information, security systems that 
use AI employ anomaly detection methods to spot and 
counteract cyber attacks. These AI applications show 
how the framework works in real-world circumstances 
and how sophisticated it is. They combine theoretical 
innovation with practical outcomes.

Results And Discussion

Justification for “cloud computing”

There are five main layers in the model shown in Fig.8. 
Although most computations happen at the edge layer, 
analytical model implementation happens in the cloud. 
Since they are based on streaming data, analytics 
related to power, user security and behavior, are carried 
out at the cloud layer. The processing load will be 
substantially increased when dealing with large amounts 
of data at the edge layers. Consequently, an individual 
may save time and decrease computational overhead by 
employing cloud services and integrating analytics into 
the cloud layer. Interactions between devices at the 
edge and those in the cloud are shown in Fig.10.

Fig.10. The interrelationship between “cloud com-
puting” and Power Analytics

The analytics that is carried out according to the 
indications mentioned before are stored in the 
algorithms or models that are part of the cloud platform. 
The integration of security analytics, which measure the 
amount of access by unauthorized devices or sensors, 
is what makes this work stand out. All sensors used by 
this system need to be registered, as mentioned before. 
Because there is a large population living in the buildings, 
every gadget or sensor that establishes an unauthorized 
link to the cloud will be reported to the owner rather 
than condemned. 

As a result, the proposed system incorporates a security 
feature into power analytics for residential buildings via 
the use of “cloud computing”. The challenge increases 
with the building’s size and the number of residents, 
even if analytics may be provided to edge devices.

Deploying the “Power Analytics Framework”, which is 
based on secure “cloud computing”, in a residential 
building required a large number of “Internet of Things” 
(IoT) sensors to gather data and monitor power use in 
real-time. A large amount of data was recorded by the 
IoT setup. This data included temperature variations, 
occupancy rates, and daily power use measurements 
of 5,000 kWh. With the help of analytics in the cloud, 
the researcher was able to cut power usage by 25% 
and operational costs by 20%. Advanced encryption 
technologies were used to enhance data security, 
ensuring that essential information remained intact and 
secret. The theoretical framework was validated and its 
ability to advance power productivity and safety in the 
construction division was proved by this real application.

Conclusion

Efficient power analytics have made it possible to use 
modern technology to improve power efficiency, which is 
crucial due to the scarcity of fossil fuels and the necessity 
for sustainable growth. As a result, this research looks 
at CC as the main strategy for improving home power 
efficiency. According to the extensive literature review, 
building power analytics has received very little 
attention. This research provides a comprehensive 
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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. 
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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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framework with a multi-tiered architecture that supports 
various devices and operating modes. The cloud analyzes 
the power saving data obtained from edge devices using 
suitable models based on four main characteristics. The 
user receives the analytics results and may then access 
them via a personalized dashboard, notifications, or 
a recommendation system. A security component of 
the framework uses a security score that is based on 
the number of unregistered devices in the network. 
Therefore, the intended framework provides an all-
encompassing design for the power analytics-focused 
specialized algorithms and methodologies. The potential 
of machine learning and other AI-based approaches will 
allow for the real-time execution of the framework in 
the future.
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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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