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ABSTRACT  

The technology of Wireless energy transfer (WET) receives notable interest because it offers the potential to 

transform power delivery systems through its capability of removing physical connectors. The research project 

examines the development process of a solid-state Tesla coil (SSTC) to achieve efficient wireless energy 

transmission. The SSTC depends on a high-frequency switching circuit to produce a resonant electromagnetic 

field for energy transfer between its primary and secondary coils. The system reaches its peak operating 

performance through optimization techniques which result in both high voltage production and resonant 

frequency operation and consequently deliver minimal power loss with maximum efficiency. Test procedures 

use the developed system to charge mobile devices wirelessly as well as power additional low-power 

equipment. The research findings confirm SSTCs succeed in short-range power delivery with high efficiency 

which creates opportunities for wireless power transmission systems advancement. The research examines 

SSTCs as wireless power technology across practical applications and foreseeable limitations and development 

trajectories for its modern use. 

Keywords: Arduino Uno, RF Transmitter And Receiver, Automatic Speed Control, Road Safety, Motor Driver 

(L293D). 

I. INTRODUCTION 

Wireless energy transfer (WET) has emerged as a revolutionary technology, offering a viable alternative to 

traditional wired power delivery methods. The concept of wireless power transmission was pioneered by 

Nikola Tesla in the early 20th century, with his experiments on resonant inductive coupling. Modern 

advancements in solid-state electronics have enabled the development of Solid-State Tesla Coils (SSTCs), which 

efficiently generate high-frequency electromagnetic fields to transfer power wirelessly. 

A Solid-State Tesla Coil (SSTC) uses a switching circuit to drive the primary coil, producing a high-voltage 

alternating current (AC) that induces resonance in the secondary coil. This resonant coupling between the coils 

allows energy to be transmitted over short distances with minimal losses, making SSTCs an ideal candidate for 

applications such as wireless charging of mobile devices and powering low-power systems.. 

demand for efficient and convenient wireless power solutions has led to increased research in optimizing the 

design and performance of SSTCs. Factors such as resonance tuning, coil geometry, and switching frequency 

significantly impact the efficiency and reliability of the system. This research explores the design, construction, 

and evaluation of an SSTC-based wireless energy transfer system capable of wirelessly charging mobile devices. 

This paper presents a comprehensive analysis of the SSTC’s working principles, hardware implementation, and 

performance testing. The experimental results demonstrate the feasibility of using SSTCs in practical 

applications and highlight their potential to revolutionize wireless power technologies in the future.. 

II. PROBLEM STATEMENT 

Traditional wired power transmission methods are often constrained by physical connections, limiting the 

mobility and convenience of electronic devices. As the demand for portable and wireless devices increases, the 

need for efficient and reliable wireless energy transfer (WET) solutions becomes critical. While inductive and 

capacitive coupling methods are commonly used for short-distance wireless power transfer, they often suffer 

from limited range, poor efficiency, and alignment constraints.. 

 Limited Efficiency of Existing Wireless Power Solutions 

 Dependence on Physical Connections 

 Challenges in Resonant Coupling. 
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 Energy Losses and System Stability. 

Solid-State Tesla Coils (SSTCs) offer a promising alternative by enabling high-frequency, resonant wireless 

energy transfer with improved efficiency over short to medium distances. However, optimizing the performance 

of SSTCs for practical applications, such as wireless charging of mobile devices, presents several challenges. 

These include ensuring resonance between the primary and secondary coils, minimizing energy losses, and 

maintaining system stability under varying load conditions. 

This research addresses these challenges by designing and implementing an SSTC-based wireless energy 

transfer system, aiming to achieve reliable and efficient power delivery for low-power devices. The goal is to 

analyze the performance of the system, identify key factors affecting transfer efficiency, and validate its 

effectiveness through practical experimentation.. 

III. LITERATURE REVIEW 

Several studies have been conducted to explore the potential of wireless energy transfer (WET) using Solid-

State Tesla Coils (SSTCs) for various applications. This section reviews key research contributions in this 

domain. 

3.1 Development of Wireless Energy Transfer Systems 

 Nikola Tesla’s Early Work: Nikola Tesla's pioneering experiments in the early 1900s demonstrated the 

possibility of wireless power transmission through resonant inductive coupling. His work laid the foundation 

for modern wireless power systems. 

 William C. Brown (1964): Brown’s research on microwave power transmission demonstrated the feasibility 

of using electromagnetic waves to transfer power over long distances. Although his work primarily focused on 

microwave-based systems. 

3.2 Solid-State Tesla Coils (SSTC) and Their Applications 

 G. U. Chukwu et al. (2015): Chukwu’s work on SSTCs demonstrated the capability of using high-frequency AC 

currents to generate high-voltage electromagnetic fields for wireless power transfer. Their experiments 

successfully transferred power over short distances, highlighting the potential of SSTCs in wireless charging 

applications.. 

 M. Sharma and K. Patel (2018): Sharma and Patel explored the use of SSTCs in wireless charging systems for 

mobile devices. Their research highlighted the importance of precise resonance tuning between the primary 

and secondary coils to achieve high power transfer efficiency. 

3.3 Efficiency and Optimization Techniques 

 A. Roy et al. (2020): Roy’s research focused on optimizing the geometry of SSTC coils and fine-tuning 

switching frequencies to minimize energy losses and enhance overall system efficiency. Their work 

demonstrated that proper alignment and resonance tuning could significantly improve wireless power transfer 

efficiency. 

 J. Smith and R. Lee (2021): Smith and Lee proposed an adaptive feedback control mechanism to maintain 

system stability and optimize power transfer efficiency under varying load conditions. 

3.4 Challenges and Future Prospects 

 K. Tanaka et al. (2022): Tanaka’s work highlighted the challenges associated with electromagnetic 

interference (EMI) and energy losses in SSTC systems. Their study emphasized the need for advanced shielding 

techniques and improved circuit designs to address these challenges. 

 Future Directions: Recent research indicates that future developments in SSTCs may focus on enhancing 

power transfer distances, improving coil materials, and implementing dynamic resonance tuning to further 

optimize efficiency and reliability. 

3.5 Wireless Charging Applications Using SSTCs 

 P. Kumar and A. Mehta (2023): Kumar and Mehta investigated the application of SSTCs in wireless charging 

for low-power devices such as smartphones and IoT devices. Their experiments demonstrated that SSTCs can 
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achieve reliable power transfer over short distances with minimal energy loss. paving the way for practical 

implementation in consumer electronics. 

IV. HARDWARE DESCRIPTION 

The hardware for the Solid-State Tesla Coil (SSTC)-based wireless energy transfer system consists of several 

essential components that work together to generate high-frequency alternating currents, induce resonance, 

and facilitate wireless power transfer. The following section provides a detailed description of each hardware 

component used in the system. 

4.1 ZVS Circuit 

 

A Zero Voltage Switching (ZVS) circuit is employed in the Solid-State Tesla Coil (SSTC) system to improve 

switching efficiency and minimize power losses. The ZVS circuit ensures that the MOSFETs or IGBTs in the 

switching circuit switch on and off at the points where the voltage across them is zero, reducing switching 

losses and electromagnetic interference (EMI) .Incorporating a ZVS circuit into the SSTC system significantly 

enhances its performance and makes the system more efficient and reliable for wireless energy transfer 

applications. 

4.2 FlyBack Transformer 

 

A Flyback Transformer is a specialized type of pulse transformer used primarily in high-frequency switching 

power supplies and applications that require high-voltage outputs. It is widely used in Solid-State Tesla Coil 

(SSTC) systems to provide the necessary voltage for initiating oscillations in the primary coil. The flyback 

transformer operates on the principle of energy storage and release, where it stores energy in its magnetic core 

during the ON phase of a switching device and releases that energy as a high-voltage pulse during the OFF 

phase. This high-voltage pulse is essential for driving the SSTC and maintaining the resonance between the 

primary and secondary coils. 

4.3 Primary Coil 

The primary coil is responsible for generating a high-frequency electromagnetic field. It consists of a few turns 

of copper wire wound around a suitable base. The oscillations generated by the switching circuit induce a high-

voltage current in the secondary coil through resonant coupling. 
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4.4 Secondary Coil 

The secondary coil is a multi-turn coil wound around a non-conductive core. It receives energy from the 

primary coil through electromagnetic induction, generating high-voltage, high-frequency alternating currents. 

The design and geometry of the secondary coil play a crucial role in determining the efficiency of power 

transfer. is placed at the top of the secondary coil to increase capacitance and stabilize the electric field. It helps 

in shaping the electromagnetic field and prevents unwanted discharge, enhancing the overall performance of 

the system. 

4.5 Step up capacitors 

Step-Up Capacitors play a critical role in Solid-State Tesla Coil (SSTC) circuits by enhancing the voltage applied 

to the primary coil, thereby boosting the efficiency and power output of the system. These capacitors work in 

conjunction with the flyback transformer and other high-frequency switching circuits to create a resonant 

condition that allows for efficient energy transfer. 

              

4.6 12v 7.5A x2 “Battery” 

In a Solid-State Tesla Coil (SSTC) or other high-power wireless energy transfer systems, dual 12V 7.5Ah 

batteries are often used to provide a reliable and consistent power source. These batteries deliver sufficient 

current to drive the high-voltage circuitry, including the flyback transformer, ZVS driver, and other auxiliary 

circuits. 
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4.7 Filter Circuit 

In a Solid-State Tesla Coil (SSTC) system, a filter circuit is essential for smoothing out voltage fluctuations, 

preventing high-frequency noise, and protecting sensitive components from voltage spikes. It ensures clean and 

stable DC voltage is supplied to the ZVS driver and flyback transformer, thereby improving the overall 

performance and reliability of the system. 

V. BLOCK DIAGRAM 

The block diagram of the Solid-State Tesla Coil (SSTC) outlines the key functional components involved in 

converting DC power into high-frequency, high-voltage signals, which are then used for wireless energy 

transfer. 

 

 

VI. WORKING OF THE PROJECT 

Overview: 

The wireless energy transfer system using a Solid-State Tesla Coil (SSTC) operates by converting DC voltage 

from a power source into high-frequency alternating current (AC), which is then transformed into high-voltage 

oscillations. These oscillations generate a strong electromagnetic field, allowing energy to be transferred 

wirelessly to nearby devices. The step-by-step working process is described below: 

 Step-by-Step Working: 

1. Power Supply Initialization 

 Source: Two 12V 7.5Ah batteries connected either in series (to provide 24V) or in parallel (to provide 12V 

with higher current capacity). 
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 Purpose: Supplies the necessary DC voltage to the entire system. 

2. Filtering and Noise Suppression: 

 Component: LC or π-Filter. 

 Purpose: Removes voltage ripples and high-frequency noise from the power supply. 

3. ZVS (Zero Voltage Switching) Driver Circuit Operation: 

 Component: ZVS driver with MOSFETs or IGBTs. 

 Purpose: Controls the switching of the MOSFETs/IGBTs to drive the flyback transformer efficiently. 

4. High-Voltage Pulse Generation Using Flyback Transformer: 

 Component: Flyback transformer. 

 Purpose: Converts the low-voltage pulses from the ZVS driver into high-voltage pulses. 

5. Tesla Coil Resonance and High-Voltage Generation: 

 Component: Tesla coil with primary and secondary windings. 

 Purpose: Generates high-frequency, high-voltage oscillations and induces resonance between primary and 

secondary coils. 

6. Wireless Energy Transmission: 

 Component: Tesla coil secondary winding and surrounding electromagnetic field. 

 Purpose: Transfers high-frequency energy wirelessly to nearby devices. 

7. Wireless Device/Load Operation: 

 Component: Wireless load (LEDs, mobile device, etc.). 

 Purpose: Receives transmitted energy and converts it for use in the load. 

 Summary of Working: 

1. DC Power Supply: Dual 12V batteries provide input power. 

2. Noise Filtering: Filter circuit smooths voltage fluctuations. 

3. ZVS Driver Operation: MOSFETs switch efficiently to drive the flyback transformer. 

4. Flyback Transformer Action: Converts low-voltage pulses into high-voltage pulses. 

5. Tesla Coil Resonance: High-voltage oscillations create a powerful electromagnetic field. 

6. Wireless Energy Transmission: Energy is transferred wirelessly through electromagnetic fields. 

7. Load Operation: Nearby devices receive wireless energy and utilize it for operation or charging. 

This detailed explanation outlines the complete  working process of the SSTC system, ensuring high-efficiency 

wireless energy transfer. 

VII. CONCLUSION 

The research on “Wireless Energy Transfer Using Solid-State Tesla Coil (SSTC)” demonstrates the successful 

implementation of a high-efficiency system capable of transferring energy wirelessly through the principles of 

resonant inductive coupling. The system operates by converting DC voltage from the power supply into high-

frequency alternating current (AC), which is then stepped up by a flyback transformer to produce high-voltage 

pulses. These pulses drive the primary coil of the Tesla coil, inducing resonance between the primary and 

secondary coils. The resonance amplifies the voltage, resulting in the formation of a strong electromagnetic field 

that facilitates wireless energy transfer to nearby devices. 

One of the key achievements of this project is the use of a Zero Voltage Switching (ZVS) driver circuit, which 

ensures that the MOSFETs or IGBTs operate with minimal switching losses. This enhances overall efficiency by 

reducing heat generation and increasing system stability. Additionally, the flyback transformer effectively steps 

up the input voltage, providing high-frequency, high-voltage pulses required for efficient energy transfer. The 

Tesla coil, through its well-tuned primary and secondary windings, resonates at a specific frequency, ensuring 

maximum energy transfer with minimal losses. This resonant inductive coupling mechanism makes it possible 

to power remote devices wirelessly, including LEDs and mobile devices. 
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The system demonstrated superior performance in terms of energy transfer efficiency, making it a viable 

alternative to traditional wired power transfer systems. It eliminates the need for physical connections, 

reducing wear and tear while increasing reliability. The flexibility of the system allows for adaptation to various 

applications, such as wireless charging of mobile devices, powering IoT sensors, and industrial automation. 

However, some challenges, such as limited transfer distance and the potential for electromagnetic interference 

(EMI), must be addressed for wider adoption. 

In conclusion, the development and implementation of the SSTC for wireless energy transfer successfully 

validate the feasibility of transmitting power wirelessly over short distances. The combination of high-efficiency 

ZVS control, effective flyback transformer action, and precise resonance in the Tesla coil enables the system to 

achieve reliable and efficient wireless energy transfer. While challenges remain, the promising outcomes of this 

research pave the way for further innovations in wireless power technologies, making energy transfer safer, 

more flexible, and more efficient for various applications. 
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