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Abstract 

In order to fulfill the demanding power, performance, and area requirements of next-generation 

applications, the Internet of Things' (IoT) rapid proliferation has forced considerable 

breakthroughs in low-power Very Large-Scale Integration (VLSI) design. In today's electronics 

industry, low power has become a central theme. In the performance and area of VLSI chip 

design, power dissipation has grown in importance. The main issues below 100nm owing to 

increased complexity include lowering power usage and overall power management on chip as 

technology gets smaller. Because lower package costs and longer battery life are priorities for 

many designs, power optimization is just as crucial as time. In low power VLSI designs, leakage 

current is also crucial for power control. The percentage of integrated circuits' overall power 

dissipation that is attributed to leakage current is growing. This Research discusses many 

approaches, strategies, and power management tactics for low-power circuits and systems. This 

study offers important insights into the future of low-power VLSI design, with the goal of 

facilitating the smooth and effective deployment of IoT applications across multiple domains, 

through a thorough examination of these cutting-edge technologies and approaches. 
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1.INTRODUCTION  

With the promise of a future in which billions of interconnected gadgets effortlessly 

communicate and function autonomously, the Internet of Things (IoT) marks a revolutionary 

transformation in how humans interact with technology (Iannacci, 2021). This technological 

revolution is primarily driven by improvements in Very Large-Scale Integration (VLSI) design, 

which is required for powerful and efficient computing (Mohammed, 2019). But there are 

distinct difficulties brought about by the spread of IoT devices, especially with regard to 

scalability, performance, and power consumption (Kandpal, 2022). Optimizing VLSI designs for 

low power consumption while maintaining good performance has become an important field of 

research and development since these devices are frequently deployed in power-constrained 

contexts, such as wearable technology or distant sensors (Kanoun, 2018). Power efficiency and 

computing performance must be balanced, which is one of the main issues in low-power VLSI 

design for Internet of Things applications (Saxena A. H., 2023). In order to operate under strict 

power budgets, Internet of Things devices need to conduct complicated functions including data 

processing, communication, and security operations (Radfar, 2019). More sophisticated 

approaches must be investigated since conventional power reduction strategies, such power 

gating and dynamic voltage and frequency scaling (DVFS), are reaching their limits (Rajendran, 

2019). Two examples of these are near-threshold computing, which balances energy efficiency 

and computational throughput, and sub-threshold voltage operation, which enables circuits to run 

at voltages below the transistor threshold to drastically reduce power usage (Rathore, 2021). 

Ensuring the lifetime and dependability of IoT devices is a significant additional problem 

(Rostami, 2021). Many Internets of Things (IoT) devices are anticipated to function in a variety 

of challenging settings; therefore, their VLSI designs need to be resistant to changes in 

temperature, voltage, and process factors  (Birla S. D., 2023). The need to maintain performance 

and dependability under changing conditions has prompted developments in resilient and 

adaptive design strategies, which dynamically modify operating parameters (Saxena, 2023). 

Furthermore, while miniaturizing VLSI components helps fit more functionality into smaller 

form factors, it also raises new reliability issues such heightened vulnerability to electromagnetic 
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interference and less tolerance to manufacturing flaws  (Rahmani, 2023). Another crucial 

consideration in the design of VLSI systems for Internet of Things applications is security (Kim, 

2023). IoT devices frequently handle sensitive data and carry out important tasks, therefore it's 

crucial to make sure their hardware is secure (Cauwenberghs, 2023). To defend against various 

security risks, cutting-edge methods in hardware security are being actively investigated and 

included into VLSI designs. Examples of these methods include the use of secure boot processes, 

hardware-based encryption, and the creation of tamper-resistant designs (Maji, 2023).  

As a result of these difficulties, the field of VLSI design is seeing a boom in creative solutions 

that optimize low-power consumption while boosting security and performance (Zhang, 2022). 

Sophisticated power gating strategies are being developed to reduce total power consumption by 

selectively turning off inactive portions of the chip. Further scaling of VLSI components is made 

possible by the use of cutting-edge fabrication techniques like gate-all-around (GAA) transistors 

and FinFET, which also improve performance and power efficiency. Additionally, a viable 

method for dynamically optimizing power usage based on workload forecasts and environmental 

factors is the integration of machine learning algorithms for predictive power management. The 

purpose of this work is to present a thorough review of the breakthroughs and problems 

associated with low-power VLSI design optimization for next-generation Internet of Things 

applications. It aims to provide insightful analysis of the tactics and technologies that will 

influence IoT device design in the future by looking at the most recent developments and 

developing trends in the industry (Manikandababu, 2023). This paper emphasizes the crucial role 

that VLSI design plays in enabling the widespread deployment and success of IoT applications 

across multiple sectors through a thorough investigation of power management strategies, 

reliability advancements, and security measures. 

2. REVIEW OF LITERATURE  

Ali et al (2019) investigate the use of heterogeneous Multi-Processor System-on-Chips 

(MPSoCs) based on Network-on-Chip (NoC) for the energy optimization of streaming 

applications in the Internet of Things (IoT). In order to achieve energy efficiency, the paper 

presents a strategy that combines dynamic voltage and frequency scaling (DVFS) with re-timing. 
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The researchers point out that when combined with DVFS approaches, re-timing—which is 

modifying the timing of processes in digital circuits—can lower energy consumption. This article 

is important because it shows how cutting-edge methods may be used to optimize IoT device 

energy usage, which is essential for effective and sustainable smart environments. The findings 

demonstrate that their suggested approach can result in significant energy savings without 

affecting streaming application performance, which makes it a significant addition to the field of 

energy-efficient Internet of Things solutions (. Ali, 2019). 

Birla et al. (2023) discusses many methods and techniques for creating low-power circuits and 

nanodevices. This thorough work covers a wide range of subjects, such as cutting-edge circuit 

designs, power management strategies, and new applications that make use of low-power 

technologies. The book is essential reading for anybody interested in learning about the most 

recent developments in electronics power reduction, which are critical for increasing battery life 

and enhancing the overall performance of embedded and portable systems. This volume, which 

brings together the contributions of a wide range of specialists, offers a comprehensive view of 

the problems and solutions facing low-power electronics today. As such, it is a vital tool for 

practitioners and researchers working to create energy-efficient nanodevices and circuits (Birla, 

2023). 

Cauwenberghs et al. (2023) explore the always changing field of micro and nano systems and 

circuits. This work, which was published in the IEEE Proceedings, provides a thorough summary 

of the present situation and potential future paths in the design and automation of micro and nano 

circuits. The authors draw attention to important issues such the need for improved tools for 

design automation, integrating heterogeneous systems, and dealing with designs' growing 

complexity. They also look for chances for innovation in design applications, tools, and 

processes. This essay is an invaluable tool for comprehending the complex interplay between 

technological advancement and surmounting the inherent difficulties of micro/nano circuit 

design. It offers a thorough viewpoint on how to include cutting-edge design methods, new 

materials, and inventive device architectures—all of which are crucial for the continuous 

advancement of electronic systems (Cauwenberghs, 2023). 
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Chander, Sinha, and Chaudhary (2023) In their study published in Nanoscience & 

Nanotechnology-Asia, the authors examine the "Prospects and Challenges of Different 

Geometries of TFET Devices for IoT Applications". This paper investigates several geometric 

configurations and focuses on the potential of Tunnel Field-Effect Transistor (TFET) devices in 

Internet of Things applications. The writers talk about how TFETs, which are renowned for 

having a low power consumption and excellent efficiency, can have a big impact on how well 

IoT devices work and how energy-efficient they are. They draw attention to the particular 

difficulties brought about by various TFET geometries, including device variability and 

fabrication complexity, and they offer ways to get around these obstacles. Understanding how 

geometric variations in TFET design can be improved to satisfy the demanding power and 

performance requirements of Internet of Things applications is made possible, in large part, by 

this research. The authors offer a well-rounded perspective that is crucial for scientists and 

engineers working on next-generation IoT devices by discussing both the opportunities and 

difficulties (Chander, 2023). 

Jeyarohini et al. (2024) Examine how machine learning (ML) approaches can be used to the 

field of VLSI (Very Large-Scale Integration) design. This paper explores how machine learning 

(ML) might improve the automation and optimization processes in VLSI design, and it was 

presented at the 2024 International Conference on Science Technology Engineering and 

Management (ICSTEM). The writers offer a thorough analysis of numerous machine learning 

techniques and how they might be used to increase the performance of VLSI systems overall, cut 

down on time-to-market, and improve design efficiency. Comprehensive discussion is given to 

important machine learning (ML) techniques such as supervised learning, unsupervised learning, 

and reinforcement learning, emphasizing their unique applications in VLSI design challenges 

like power management, layout optimization, and error prediction. The study emphasizes how 

machine learning (ML) has the power to transform VLSI design and make it more intelligent and 

adaptable. The scientists do, however, note certain difficulties, including the requirement for 

substantial datasets, the difficulty of training machine learning models, and the incorporation of 

these models into already-existing design workflows (Jeyarohini, 2024). 
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Chakraborty and Joshi (2024) concentrate on the specialized area of cryogenic CMOS 

(Complementary Metal-Oxide-Semiconductor) design, especially with regard to the 

manipulation of qubits in systems for quantum computing. This feature article, which was 

published in IEEE Circuits and Systems Magazine, examines the state of cryogenic CMOS 

technology today, highlighting important obstacles and suggesting future lines of inquiry. The 

writers talk about how effective qubit control, which is necessary for the scalability and 

dependability of quantum computers, is made possible by cryogenic CMOS. They deal with 

technical issues such as noise reduction in cryogenic conditions, power dissipation, and thermal 

management. The report also summarizes recent developments in fabrication methods and 

material science that support cryogenic CMOS device performance enhancements. In order to 

overcome current obstacles and forward the development of cryogenic CMOS technology, which 

offers promise for the future of quantum computing, Chakraborty and Joshi stress the importance 

of interdisciplinary collaboration  (Chakraborty, 2024). 

3. CONTROLLING POWER EFFICIENCY IN VLSI DESIGN FOR INTERNET OF 

THINGS USES 

Table 1: Techniques for Low-Power VLSI Designs 

Design Level Strategies 

Operating System Level - Power Down Modes 
 

- Component Portioning 

Software Level - Data Locality 
 

- Task Concurrency 
 

- Code Regularity 

Architecture Level - Pipelining 
 

- Redundancy Techniques 
 

- Data Encoding 

Circuit/Logic Level - Energy-Efficient Logic Styles 
 

- Transistor Sizing 
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- Energy Recovery Techniques 

Technology Level - Multi-Threshold Devices 
 

- Threshold Voltage Optimization 

 

For IoT applications, effectively controlling power in VLSI design is essential to prolonging 

device lifetimes and reducing environmental impact. Implementing component portioning and 

power down modes at the operating system level maximizes power use during idle states, 

guaranteeing low energy consumption when components are not in use. By minimizing data 

travel and permitting parallel task execution, software-level techniques like improving data 

locality and utilizing task concurrency increase efficiency. 

Redundancy methods and pipelining are examples of architectural improvements that boost 

performance without raising power usage proportionately. Redundancy approaches ensure 

system resilience under variable conditions, reducing the requirement for excessive power 

consumption during fault recovery. Pipelining boosts throughput by enabling parallel processing 

of jobs. 

Energy-efficient logic designs, ideal transistor scaling, and energy recovery methods that reuse 

internal circuit energy are the main goals of circuit and logic level optimizations when it comes 

to lowering power dissipation. These methods preserve operating efficiency while reducing 

dynamic power consumption dramatically. Furthermore, by utilizing multi-threshold devices and 

adjusting threshold voltages, transistor switching power is minimized, successfully striking a 

balance between energy efficiency and performance. Designers can attain notable improvements 

in power efficiency specifically suited for the next generation of Internet of Things applications 

by incorporating these all-encompassing methodologies at every stage of the VLSI design 

process. This all-encompassing strategy not only improves the longevity and performance of 

devices, but it also satisfies the growing need in contemporary IoT ecosystems for sustainable 

technical solutions. 
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4. POWER DISSIPATION BASICS 

Three elements in a circuit—static, short-circuit, and dynamic power—are in charge of 

dissipating power. Of these, the power expended during the charging or discharging of capacitors 

is mostly from dynamic power, also known as switching power, which is explained below. 

 

Where α is the Activity Factor, which indicates how frequently the wires switch, f is the Clock 

Frequency, which is increasing at each successive process node, and CL is the Load Capacitance, 

which is a function of fan-out, wirelength, and transistor size. The variables supply voltage 

(Vdd), switching threshold (Vt), and transistor size determine static power, also known as 

leakage power (figure 1). Leakage consumes at least 30% of the total power as process nodes get 

smaller, making it a more major source of energy utilization. Another factor in the dissipation of 

leakage power is crowbar currents, which are generated when both the PMOS and NMOS 

devices are turned on at the same time. The majority of circuit level minimization strategies 

ignore the impacts of gate leakage in favor of reducing sub threshold leakage. A proposal has 

been made to reduce subthreshold leakage current in sleep mode using an MTCMOS technique. 

The many parts of CMOS power dissipation are depicted in Figure 1. 

 

Figure 1: Power Dissipation in CMOS 
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5. POWER MINIMIZATION TECHNIQUES FOR LOW-POWER VLSI DESIGN IN 

NEXT-GENERATION IOT APPLICATIONS 

Table 2: Power Minimization Methods 

Category Traditional 

Techniques 

Dynamic Power 

Reduction 

Leakage Power 

Reduction 

Other Power 

Reduction 

Techniques 

Clock Gating Clock Gating Clock Gating Use of low Vt 

cells 

Multi Oxide devices 

Power Gating Power Gating Power Efficient 

Techniques 

Power Gating Minimize 

capacitance by 

custom design 

Variable 

Frequency 

Variable 

Frequency 

Variable 

Frequency 

Back Biasing Power efficient 

circuits 

Variable 

Voltage Supply 

Variable 

Voltage Supply 

Variable Voltage 

Supply 

Reduce Oxide 

Thickness 

 

Variable 

Device 

Threshold 

 
Variable Island Use Fin FET 

 

 

Power Minimization Techniques Overview 

Power dissipation in VLSI designs for next-generation IoT applications can be effectively 

minimized through various strategies across different design levels: 

5.1 Diminishing Capacitance of Chips and Packages 

Advancements in processes such as SOI, CMOS scaling, and innovative interconnect substrates 

like MCMs help in reducing capacitance, albeit at higher costs. 
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5.2 Supply Voltage Scaling 

Scaling supply voltage, also known as voltage scaling, significantly reduces power dissipation 

but often requires new IC production techniques. 

5.3 Power Management Techniques 

Choosing the right technology, utilizing optimized libraries, IP, and design processes are crucial 

for effective power management. Figure 3 illustrates the significance of technology selection in 

achieving efficient power management. 

Technology Choice: Each technological advancement aims to balance power consumption, 

density, and performance. Constant electric-field scaling adjusts voltage and oxide thickness to 

maintain efficiency. However, subthreshold currents and leakage power increase with scaling, 

necessitating new approaches like generalized scaling for nanometer-sized processes. 

Circuit Design Techniques: Design strategies focus on selecting optimal logic gates and 

transistor sizes to manage dynamic and leakage power efficiently. CAD tools support these 

techniques across different design abstraction layers. 

Physical Design Considerations: From placement of standard cells to power-aware routing and 

optimization, physical design tools play a crucial role in implementing low-power strategies like 

voltage islands and clock gating to reduce dynamic power consumption. 

Table 2 summarizes the trade-offs associated with various power management strategies, 

highlighting their impact on timing, area, methodology, architecture, design verification, and 

implementation. 

By integrating these comprehensive strategies into the VLSI design process, designers can 

achieve significant reductions in power consumption, enhancing the performance and 

sustainability of IoT devices in future applications. 
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6. ENERGY EFFICIENCY THROUGH DYNAMIC VOLTAGE AND FREQUENCY 

SCALING (DVFS) FOR IOT 

Managing Dynamic Voltage and Frequency Scaling (DVFS) becomes critical for improving low-

power VLSI design for next-generation IoT applications. In order to save power without 

sacrificing performance, DVFS enables cores to dynamically modify their operating frequency 

and voltage in response to workload demands. Cores need a supply voltage over a minimal 

threshold in order to guarantee steady operation at a given frequency. The minimum voltage is 

frequency-dependent, meaning that higher frequencies require greater voltages to be stable. 

Conversely, the highest frequency at which a core can consistently function is limited by each 

voltage setting. In order to maximize power economy without compromising performance, this 

connection is frequently modeled. This aligns with the objectives of next-generation IoT 

applications where power consumption is crucial. An effective knowledge and management of 

DVFS can have a substantial impact on overall performance and energy efficiency for 

comprehensive implementation and optimization tactics in low-power VLSI design for IoT. 

 

Managing Dynamic Voltage and Frequency Scaling (DVFS) is a crucial aspect of low-power 

VLSI design optimization for the upcoming generation of IoT applications. With DVFS, cores 

can dynamically modify their operating frequency in response to workload needs, maximizing 

power savings without sacrificing performance. The relationship between the highest stable 

frequency (stable) and the supply voltage (Vdd) is critical to this optimization process. A 

technology-specific threshold voltage (Vth), which changes with the architecture-dependent 

fitting factor (k), must be exceeded by the supply voltage (Vdd). Even though the core is stable, 

operating it at frequencies below fstable may lead to energy inefficiency. To simulate the steady 

voltage and frequency relationship of a 28 nm x86-64 CPU (designed, for example, Figure 3 

shows Eq. (1). Moreover, the power consumption of a CMOS core is modeled by Eq. (2), which 
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is described in offering insights into how these aspects affect energy consumption in VLSI 

designs intended for Internet of Things applications. 

 

Understanding power consumption dynamics is essential for optimizing low-power VLSI design 

for next-generation IoT applications. The core's instantaneous activity factor, u(t), represents the 

amount of processing activity the core is doing at any given time t. This factor adds to power 

consumption and affects the effective switching capacitance (Ceff). Power efficiency is largely 

dependent on critical variables including supply voltage (Vdd), execution frequency (f), and 

leakage current (Ileak). The correlation between these variables is crucial: elevated frequencies 

and voltages typically result in amplified power consumption, whilst decreased voltages and 

frequencies have the potential to curtail energy consumption without compromising 

performance. For example, Eq. (2) is used in  to predict the power consumption of CMOS cores 

and includes these variables to offer insights into optimizing energy efficiency while upholding 

performance criteria appropriate for Internet of Things applications. With next-generation VLSI 

designs suited for IoT contexts, this strategy seeks to balance computing demands with power 

efficiency. 

 

Figure 2: Supply voltage vs. maximum stable frequency for the 28 nm x86-64 processor created 

in experiments, modelled using Eq. (1) 
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Managing power consumption dynamics is critical to optimizing low-power VLSI design for 

next-generation IoT applications. Leakage current (Ileak) is a major component of power 

consumption and is affected by both supply voltage (Vdd) and core temperature (T). Elevated 

temperatures intensify leakage currents, hence augmenting energy consumption. In addition, 

there is a continuous offset known as the inherent power consumption (Pind) that comes with 

keeping the core in execution mode The division of power consumption into dynamic and leaky 

components is shown in equation (2). Leakage power (Vdd·Ileak(Vdd, T)) has a linear 

relationship with supply voltage and is aggravated by high temperatures, whereas dynamic 

power (u(t)·Ceff·Vdd^2·f) is produced by switching activities and has a convex relationship with 

supply voltage because of its quadratic dependence. In addition, Eq. (3) summarizes these 

equations to maximize energy efficiency by defining the average power consumption across a 

time window ∆t. In order to achieve sustainable and effective operation in resource-constrained 

contexts, our technique guarantees that VLSI designs for Internet of Things applications strike a 

balance between performance needs and power restrictions. 

 

Understanding the dynamics of energy consumption is essential for optimizing low-power VLSI 

design for next-generation IoT applications. The energy consumption is strongly influenced by 

the average activity factor of the core within a time frame ∆t, represented by u(∆t). 

The energy spent by a core that performs ∆c compute cycles at frequency f during time frame ∆t 

can be calculated using the formula P(Vdd, f, T, ∆t) · ∆c / f. The average power consumption 

over the time window ∆t is represented by P(Vdd, f, T, ∆t), which is obtained using Eq. (3). The 

link between frequency, compute cycles, and energy consumption is highlighted in this 

formulation, which is important for maximizing power efficiency in VLSI designs intended for 

Internet of Things applications. Effective management of these factors allows designers to 

balance performance requirements with energy usage, which is crucial in Internet of Things 

situations with limited resources. 
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 Voltage and frequency scaling techniques play a critical role in energy consumption 

management when it comes to low-power VLSI design optimization for next-generation Internet 

of Things applications. The energy usage fluctuates when ∆c = 10^9 compute cycles are 

executed under different voltage setups, as seen in Eq. (4) and Figure 3. 

As shown by Eq. (1) and Figure 2, the first and second examples, where Vdd is maintained at 

1.14 V and 0.86 V, respectively, correspond to the lowest values needed to sustain execution 

frequencies of 2 GHz and 3 GHz. As seen on the x-axis of Figure 3, the third scenario 

investigates the setting of Vdd to the lowest necessary for each distinct execution frequency. 

Important deductions made from Eq. (4) and Figure 3 highlight how voltage scaling is a useful 

tool for maximizing energy efficiency on IoT platforms: The most energy-efficient approach is to 

lower the execution frequency while keeping the lowest voltage necessary (Eq. (1)) for platforms 

that allow voltage scaling, but these platforms are not widely available. These revelations 

highlight how crucial dynamic voltage and frequency scaling (DVFS) is to attaining maximum 

energy efficiency in VLSI designs intended for the Internet of Things, where power limitations 

are essential for long-term functionality. 
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Figure 3: Examples of energy consumption for a core operating at c = 109 compute cycles based 

on the energy model 

Energy consumption can be reduced by strategically managing supply voltage and execution 

frequency in low-power VLSI design for next-generation IoT applications. It is beneficial to 

adjust the supply voltage to the lowest stable value needed for a certain frequency when voltage 

scaling is possible. This method takes advantage of lower voltages to reduce dynamic energy 

consumption, which balances off increases in leakage and independent energy consumption over 

longer execution durations. Distinguishing returns, on the other hand, happen when additional 

frequency decreases are unable to produce appreciable energy savings, counteracting the 

dynamic energy reductions with possible increases in leakage and independent energy. for the 

other hand, the energy-efficient course of action for IoT systems where voltage scaling isn't 

practical (a frequent occurrence) is to maximize speed-to-idle. To reduce overall energy 

consumption, this entails running cores at the fastest rates that are practical in order to minimize 

execution time. According to energy-efficient principles, dynamic energy consumption in fixed 

voltage scenarios stays constant while reducing execution time lowers leakage and independent 

energy consumption. Whichever strategy is used, choosing the best frequency to satisfy 
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application performance requirements is crucial in both cases to guarantee operational 

effectiveness and reduce energy consumption in IoT-centric VLSI designs. 

6.CONCLUSION  

Innovative design methodologies are required to meet the power efficiency expectations of the 

constantly developing Internet of Things ecosystem, as highlighted by the study that focuses on 

improving low-power VLSI design for next-generation Internet of Things applications. A variety 

of approaches were investigated across a variety of design levels in this study. Each of these 

methodologies contributed to considerable reductions in power usage while preserving or 

improving performance. The implementation of these solutions is necessary in order to lengthen 

the lifespan of devices, lessen their impact on the environment, and guarantee the development 

of Internet of Things applications that are sustainable. 

6.1 Findings 

• Operating System Level: Power-down modes and component partitioning are two strategies 

that efficiently control power consumption in idle states and guarantee low energy 

consumption when components are not in use. 

• Software Level: By reducing data transit and permitting parallel task execution, strategies 

including data locality improvement, task concurrency, and code regularity improve 

efficiency. 

• Architecture Level: Techniques like data encoding, pipelining, and redundancy methods 

boost performance without correspondingly using more power. During failure recovery, 

redundancy techniques provide system resilience and lower power consumption. 

• Circuit/Logic Level: Energy recovery strategies, ideal transistor sizing, and energy-efficient 

logic designs drastically minimize dynamic power usage without sacrificing operational 

effectiveness. 

• Technology Level: Transistor switching power is minimized by the use of multi-threshold 

devices and threshold voltage optimization, which strikes a balance between energy 

efficiency and performance. 
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6.2 Implications 

The extensive tactics that are described in this research shed light on the significance of 

including power-efficient procedures at each and every design level of very large scale integrated 

circuits (VLSI). Not only can these techniques improve the longevity and performance of 

Internet of Things devices, but they also offer a solution to the growing demand for 

environmentally friendly technical solutions in contemporary Internet of Things ecosystems. A 

reduction in environmental footprint, economic savings, and increased device reliability are all 

potential outcomes of power management that is done effectively. 

6.3 Future Scope 

• Improved Materials and manufacturing: More research on cutting-edge manufacturing 

techniques and improved semiconductor materials can help VLSI designs operate more 

efficiently and consume less power. 

• Adaptive Systems: Improving energy efficiency will need the development of adaptive 

systems that can dynamically modify power management plans in response to current 

workload and environmental factors. 

• Integration with AI: Predictive power management, which makes use of AI and machine 

learning, can optimize patterns of energy consumption in Internet of Things devices. 

• Solutions That Are Scalable: investigating low-power design methods that are scalable and 

can be used for a range of Internet of Things devices, from high-performance edge 

computing devices to low-power sensors. 

• Cross-Disciplinary Research: Innovative approaches to low-power VLSI design can be 

sparked by collaboration between many academic fields, including as computer science, 

electrical engineering, and material science. 

To sum up, designing low-power VLSIs for next-generation Internet of Things applications 

requires a complex strategy spanning multiple design layers. We can significantly increase power 

efficiency by putting these techniques into practice, which is essential for the long-term viability 
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and operation of IoT networks. Low-power VLSI design will develop due to future research and 

innovations in this field that continue to solve increasing issues. 

REFERENCES 

1. Iannacci, J., Tagliapietra, G., & Bucciarelli, A. (2021). Towards Next Generation of High-

Performance Radio Frequency Passive Components for Beyond-5G, 6G and Super-IoT–

Application of Response Surface Method to the Optimization of RF-MEMS Reconfigurable 

Power Attenuators. 

2. Mohammed, M. U. (2019). Novel High Performance Ultra Low Power Static Random Access 

Memories (SRAMs) Based on Next Generation Technologies. University of Missouri-Kansas 

City. 

3. Kandpal, J., & Singh, A. (2022). Opportunity and Challenges for VLSI in IoT Application. In 

5G Internet of Things and Changing Standards for Computing and Electronic Systems (pp. 

245-271). IGI Global. 

4. Kanoun, O., Keutel, T., Viehweger, C., Zhao, X., Bradai, S., Naifar, S., ... & Götz, M. (2018, 

March). Next generation wireless energy aware sensors for internet of things: A review. In 

2018 15th International Multi-Conference on systems, signals & devices (SSD) (pp. 1-6). 

IEEE. 

5. Radfar, M., Nakhlestani, A., Le Viet, H., & Desai, A. (2019). Battery management technique 

to reduce standby energy consumption in ultra-low power IoT and sensory applications. 

IEEE Transactions on Circuits and Systems I: Regular Papers, 67(1), 336-345. 

6. Rajendran, B., Sebastian, A., Schmuker, M., Srinivasa, N., & Eleftheriou, E. (2019). Low-

power neuromorphic hardware for signal processing applications: A review of architectural 

and system-level design approaches. IEEE Signal Processing Magazine, 36(6), 97-110. 

7. Rathore, R. S., Sangwan, S., Kaiwartya, O., & Aggarwal, G. (2021). Green Communication 

for Next‐Generation Wireless Systems: Optimization Strategies, Challenges, Solutions, and 

Future Aspects. Wireless Communications and Mobile Computing, 2021(1), 5528584. 

8. Rostami, M., Chen, X., Feng, Y., Sundaresan, K., & Ganesan, D. (2021, October). MIXIQ: 

Re-thinking ultra-low power receiver design for next-generation on-body applications. In 



 

48 | P a g e  
 

Proceedings of the 27th annual international conference on mobile computing and 

networking (pp. 364-377). 

9. Saxena, A., Haripriya, D., Madan, P., Srivastava, A. P., Shalini, N., & Kumar, A. (2023, 

December). Design and Optimization of Low-Power VLSI Circuits for IoT Devices. In 2023 

10th IEEE Uttar Pradesh Section International Conference on Electrical, Electronics and 

Computer Engineering (UPCON) (Vol. 10, pp. 1267-1273). IEEE. 

10. Zhang, M., Wang, Z., & Van der Spiegel, J. (Eds.). (2022). Low Power Circuit Design Using 

Advanced CMOS Technology. CRC Press. 

11. Saxena, A., Haripriya, D., Madan, P., Srivastava, A. P., Shalini, N., & Kumar, A. (2023, 

December). Design and Optimization of Low-Power VLSI Circuits for IoT Devices. In 2023 

10th IEEE Uttar Pradesh Section International Conference on Electrical, Electronics and 

Computer Engineering (UPCON) (Vol. 10, pp. 1267-1273). IEEE. 

12. Birla, S., Dargar, S. K., Singh, N., & Sivakumar, P. (Eds.). (2023). Low Power Designs in 

Nanodevices and Circuits for Emerging Applications. CRC Press. 

13. Chander, S., Sinha, S. K., & Chaudhary, R. (2023). Prospects and challenges of different 

geometries of TFET devices for IoT applications. Nanoscience & Nanotechnology-Asia, 

13(4), 47-56. 

14. Rahmani, H., Shetty, D., Wagih, M., Ghasempour, Y., Palazzi, V., Carvalho, N. B., ... & 

Grosinger, J. (2023). Next-generation IoT devices: Sustainable eco-friendly manufacturing, 

energy harvesting, and wireless connectivity. IEEE Journal of Microwaves, 3(1), 237-255. 

15. Kim, Y. B. (2023). A Novel CNFET SRAM-Based Computing-In-Memory Design and Low 

Power Techniques for AI Accelerator (Doctoral dissertation, Illinois Institute of Technology). 

16. Cauwenberghs, G., Cong, J., Hu, X. S., Joshi, S., Mitra, S., Porod, W., & Wong, H. S. P. 

(2023). Micro/Nano Circuits and Systems Design and Design Automation: Challenges and 

Opportunities [Point of View]. Proceedings of the IEEE, 111(6), 561-574. 

17. Maji, S. (2023). Energy-Efficient Security Solutions for Next-Generation Embedded Systems 

(Doctoral dissertation, Massachusetts Institute of Technology). 

18. Jeyarohini, R., Sathya, R., Sellapaandi, S. P., Kavitha, P., Ramesh, D. R., & Mukherjee, A. 

(2024, April). An Examination of Machine Learning Techniques for Automating and 



 

49 | P a g e  
 

Optimizing VLSI Design. In 2024 International Conference on Science Technology 

Engineering and Management (ICSTEM) (pp. 1-6). IEEE. 

19. Chakraborty, S., & Joshi, R. V. (2024). Cryogenic CMOS Design for Qubit Control: Present 

Status, Challenges, and Future Directions [Feature]. IEEE Circuits and Systems Magazine, 

24(2), 34-46. 

20. Manikandababu, C. S., Jagadeeswari, M., & Irfan, H. M. (2023, November). Low-Power 

VLSI Design for Image Analysis in Embedded Vision Systems. In 2023 International 

Conference on Sustainable Communication Networks and Application (ICSCNA) (pp. 838-

844). IEEE. 

21. Ali, H., Tariq, U. U., Liu, L., Panneerselvam, J., & Zhai, X. (2019, August). Energy 

optimization of streaming applications in IoT on NoC based heterogeneous MPSoCs using 

re-timing and DVFS. In 2019 IEEE SmartWorld, Ubiquitous Intelligence & Computing, 

Advanced & Trusted Computing, Scalable Computing & Communications, Cloud & Big Data 

Computing, Internet of People and Smart City Innovation 

(SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI) (pp. 1297-1304). IEEE. 

22. Birla, S., Dargar, S. K., Singh, N., & Sivakumar, P. (Eds.). (2023). Low Power Designs in 

Nanodevices and Circuits for Emerging Applications. CRC Press. 

23. Cao, L. (2021). Multi-objective Digital VLSI Design Optimisation (Doctoral dissertation, 

University of York). 

24. Cauwenberghs, G., Cong, J., Hu, X. S., Joshi, S., Mitra, S., Porod, W., & Wong, H. S. P. 

(2023). Micro/Nano Circuits and Systems Design and Design Automation: Challenges and 

Opportunities [Point of View]. Proceedings of the IEEE, 111(6), 561-574. 

25. Chander, S., Sinha, S. K., & Chaudhary, R. (2023). Prospects and challenges of different 

geometries of TFET devices for IoT applications. Nanoscience & Nanotechnology-Asia, 

13(4), 47-56. 

 

 

 



 

50 | P a g e  
 

Author’s Declaration  

I as an author of the above research paper/article, here by, declare that the content of this paper is 

prepared by me and if any person having copyright issue or patent or anything otherwise related 

to the content, I shall always be legally responsible for any issue.  For the reason of invisibility of 

my research paper on the website /amendments /updates, I have resubmitted my paper for 

publication on the same date. If any data or information given by me is not correct, I shall always 

be legally responsible. With my whole responsibility legally and formally have intimated the 

publisher (Publisher) that my paper has been checked by my guide (if any) or expert to make it 

sure that paper is technically right and there is no unaccepted plagiarism and hentriacontane is 

genuinely mine. If any issue arises related to Plagiarism/ Guide Name/ Educational Qualification 

/Designation /Address of my university/ college/institution/ Structure or Formatting/ 

Resubmission /Submission /Copyright /Patent /Submission for any higher degree or Job/Primary 

Data/Secondary Data Issues. I will be solely/entirely responsible for any legal issues. I have been 

informed that the most of the data from the website is invisible or shuffled or vanished from the 

database due to some technical fault or hacking and therefore the process of resubmission is 

there for the scholars/students who finds trouble in getting their paper on the website. At the time 

of resubmission of my paper I take all the legal and formal responsibilities, If I hide or do not 

submit the copy of my original documents (Andhra/Driving License/Any Identity Proof and 

Photo) in spite of demand from the publisher then my paper maybe rejected or removed from the 

website anytime and may not be consider for verification. I accept the fact that as the content of 

this paper and the resubmission legal responsibilities and reasons are only mine then the 

Publisher (Airo International Journal/Airo National Research Journal) is never responsible. I also 

declare that if publisher finds Any complication or error or anything hidden or implemented 

otherwise, my paper maybe removed from the website or the watermark of remark/actuality 

maybe mentioned on my paper. Even if anything is found illegal publisher may also take legal 

action against me. 
 

Jeewant Choudhry 

Dr. Kishor Sarawadekar 

 

***** 

 


