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ABSTRACT 

Wireless power transfer (WPT) has emerged as a promising technology, offering the 

convenience of charging electronic devices without physical connections. Capacitive 

wireless power transfer, in particular, eliminates the need for cables or connectors, enabling 

power transfer without direct contact. This approach facilitates charging in diverse settings 

such as vehicles, public spaces, and locations where conventional power outlets are 

challenging to access. The primary goal of this study is to design a shielded coupler 

specifically tailored for 6.78MHz capacitive wireless power transfer. This targeted 

frequency addresses concerns related to bulk and health risks associated with lower 

frequencies. The aim is to create a lightweight shielded coupler capable of efficient and 

secure wireless power transfer, ultimately reducing dependence on wired charging for 

various applications. To achieve the objectives, a four-plate configuration is proposed, 

incorporating two shielding plates operating at 6.78 MHz. Additionally, the project involves 

the development of a copper plate coupler structure for 6.78 MHz capacitive wireless power 

transfer (CWPT). The analysis of the coupler structure is conducted using an LT Spice 

simulation circuit for the charging system. The performance evaluation of the created 

coupler structure is carried out through an experimental setup. The study focuses on the 

practical implementation of capacitive wireless power transmission for charging systems, 

utilizing a model developed with the LT Spice program. The proposed four-plate 

configuration, including shielding plates at 6.78 MHz, aims to address concerns related to 

bulk and health risks. The performance of the copper plate coupler structure is assessed 

through both simulation and experimental setups. This research underscores the potential of 

capacitive wireless power transfer at 6.78 MHz, offering a solution to issues associated with 

lower frequencies. The designed shielded coupler demonstrates efficiency and safety in 

wireless power transfer, presenting a viable alternative to traditional wired charging 

methods. The findings contribute to the advancement of capacitive interfaces for wireless 

charging stations, emphasizing their cost-effectiveness and user-friendly nature in various 

applications. 
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ABSTRAK 

Pemindahan kuasa tanpa wayar (WPT) telah muncul sebagai teknologi yang menjanjikan, 

menawarkan kemudahan mengecas peranti elektronik tanpa sambungan fizikal. Pemindahan 

kuasa wayarles kapasitif, khususnya, menghapuskan keperluan untuk kabel atau 

penyambung, membolehkan pemindahan kuasa tanpa sentuhan langsung. Pendekatan ini 

memudahkan pengecasan dalam tetapan yang pelbagai seperti kenderaan, ruang awam dan 

lokasi di mana alur keluar kuasa konvensional mencabar untuk diakses. Matlamat utama 

kajian ini adalah untuk mereka bentuk pengganding terlindung yang disesuaikan khusus 

untuk pemindahan kuasa tanpa wayar kapasitif 6.78MHz. Kekerapan sasaran ini menangani 

kebimbangan yang berkaitan dengan risiko pukal dan kesihatan yang berkaitan dengan 

frekuensi yang lebih rendah. Matlamatnya adalah untuk mencipta pengganding terlindung 

ringan yang mampu memindahkan kuasa wayarles yang cekap dan selamat, akhirnya 

mengurangkan pergantungan pada pengecasan berwayar untuk pelbagai aplikasi. Untuk 

mencapai objektif, konfigurasi empat plat dicadangkan, menggabungkan dua plat pelindung 

yang beroperasi pada 6.78 MHz. Selain itu, projek itu melibatkan pembangunan struktur 

pengganding plat kuprum untuk pemindahan kuasa wayarles kapasitif (CWPT) 6.78 MHz. 

Analisis struktur pengganding dijalankan menggunakan litar simulasi LT Spice untuk sistem 

pengecasan. Penilaian prestasi struktur pengganding yang dicipta dijalankan melalui 

persediaan eksperimen. Kajian ini memberi tumpuan kepada pelaksanaan praktikal 

penghantaran kuasa wayarles kapasitif untuk sistem pengecasan, menggunakan model yang 

dibangunkan dengan program LT Spice. Cadangan konfigurasi empat plat, termasuk plat 

pelindung pada 6.78 MHz, bertujuan untuk menangani kebimbangan yang berkaitan dengan 

risiko pukal dan kesihatan. Prestasi struktur pengganding plat kuprum dinilai melalui kedua-

dua simulasi dan tetapan eksperimen. Penyelidikan ini menggariskan potensi pemindahan 

kuasa wayarles kapasitif pada 6.78 MHz, menawarkan penyelesaian kepada isu yang 

berkaitan dengan frekuensi yang lebih rendah. Pengganding terlindung yang direka bentuk 

menunjukkan kecekapan dan keselamatan dalam pemindahan kuasa tanpa wayar, 

memberikan alternatif yang berdaya maju kepada kaedah pengecasan berwayar tradisional. 

Penemuan ini menyumbang kepada kemajuan antara muka kapasitif untuk stesen 

pengecasan wayarles, menekankan keberkesanan kos dan sifat mesra pengguna mereka 

dalam pelbagai aplikasi. 
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INTRODUCTION 

1.1 Background 

The convenience of wireless power transfer (WPT) technology and its capacity to do 

away with physical connections have made it more and more popular. Capacitive wireless power 

transfer (CWPT) is one type of wireless power transfer (WPT) that depends on electric field 

shielded coupling [1]. Shielded couplers are used in CWPT to improve performance and reduce 

interference. 

The objective of the project is to design a shielded coupler for a CWPT system operating 

at 6.78MHz. The coupler should maximize power transfer efficiency while minimizing electric 

field leakage between the transmitter and receiver electrodes [2], [3]. Long-distance transfer and 

user convenience are just two of the benefits of the method. The system has not been put on the 

market, though, because of electromagnetic interference (EMI), activity by humans, and some 

compelled principles [4], [5]. 

Finally, the shielded coupler will be designed and optimized by electromagnetic 

simulation software using analytical and numerical techniques. A copper plate and a printed 

circuit board will be used to create a prototype. A 6.78MHz CWPT system will be used to test 

the shielded coupler's performance, and the results will be compared to theoretical forecasts to 

confirm the design. The project may find use in consumer electronics, medical implants, and 

electric car wireless charging.  
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1.2 Societal and Global Issue on Shielded Coupler for CPT 

Capacitive power transfer (CPT) using shielded coupler technology has numerous 

environmental benefits. These couplers eliminate the need for physical connectors and cables, 

thereby reducing the demand for their manufacture and disposal. Lowering electronic waste 

production and conserving non-renewable resources, helps to make power transfer a more 

environmentally friendly process. Shielded couplers also promote energy efficiency by reducing 

energy losses during wireless power transfer, which lowers overall energy use and associated 

greenhouse gas emissions[6] These couplers facilitate using energy that is clean, such as 

renewable energy, for wireless charging, aiding in the transition to a low-carbon economy and 

the fight against climate change. Because of their favorable effects on the environment, shielded 

couplers offer a more durable and environmentally friendly solution for wireless power transfer 

systems[7]. 

1.3 Problem Statement 

It is more convenient when there is no need for physical connectors, especially in 

applications where frequent connections and disconnections are necessary. The total weight of 

CWPT is known to be heavy with a bulk size at lower frequencies, while lower frequencies are 

known to produce bulk and heavy power transfer. To make the coupler lighter, a higher frequency 

is used in comparison at 6.78MHz to a frequency of 1MHz[8], [9].  

Due to the potential for hazardous electric fields created by capacitive wireless power 

transfer, a shield plate is necessary for security and safety [10]. In addition, a shield plate for 

safety and protection should be included in the solution to minimize any possible health dangers 

associated with capacitive wireless power transfer while yet retaining a lightweight and portable 

design. However, shield plates could add weight to the coupler. 
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Although induction wireless power transfer is a challenge to execute in some 

applications due to its bulkiness, it is an alternative to capacitive wireless power transfer [11]. 

Create a reliable and effective Electromagnetic Inductive (EMI) Power Transfer system that 

tackles issues such as heat generation, power loss, and a restricted transfer distance to allow 

wireless charging of electronic gadgets. It will be easier for consumers and lessen their 

dependency on conventional cable charging ways to create a system that uses less energy, 

transfers power more efficiently, and is compatible with a range of devices. Thus, by developing 

a thin, shielded coupler for 6.78MHz capacitive wireless power transmission, these issues can be 

overcome and secure wireless power transfer made possible for a range of applications. 

1.4 Project Objective 

The project is to aim to investigate the parameters for capacitive wireless power transfer at 

6.78 MHz using a mathematical model and to develop a coupler plate for the charging system in 

simulation and experimental setup. Specifically, the objectives are as follows: 

a) To compute the parameters of the capacitive wireless power transfer for 6.78 MHz using the

algebraic method.

b) To develop the 6.78MHz shielded coupler for capacitive wireless power transfer using

single-sided copper board.

c) To analyze the performance of a 6.78MHz shielded coupler for capacitive wireless power

transfer using simulation and hardware setup.
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1.5 Scope of Project 

Due to some limitations and constraints, the project's scope is outlined below to eliminate 

any uncertainty: 

a) This project is restricted to the modeling and simulation of the S-CPT model at a 

frequency of 6.78MHz, utilizing LTSpice software. 

b) This project is solely on the modeling and simulation of the S-CPT model coupler 

structure, and it is limited to the use of LTSpice Software. 

c) The performance of the designed circuit is simulated and examined using LTSpice 

software. Through LTSpice simulations, the circuit's effectiveness and functionality 

are confirmed. Using the results of the simulation to optimize the circuit's components 

and parameters. 

d) This project was limited to implementing the designed circuit in a practical hardware 

setup. Selecting appropriate components such as capacitors, inductors, and power 

management modules for the hardware implementation. Ensuring proper hardware 

setup using NanoVNA saver, benchwork experimental, and Class-E inverter for 

efficient power transfer. 
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1.6 Justification of Project 

For capacitive wireless power transfer, the development of a shielded coupler operating 

at 6.78 MHz is justified for a variety of reasons. By maximizing power transmission and 

minimizing losses, it aims to make wireless power transfer systems more effective. No later than 

incorporating shielding techniques into the coupler design, the project also addresses safety 

concerns. This ensures a secure and dependable power transfer environment while minimizing 

interference with neighboring devices and human exposure to electromagnetic radiation. 

Due to its compatibility with current wireless power transfer standards, the 6.78MHz 

frequency choice can be widely used. The development of a shielded coupler enables reliable 

and efficient power transfer in numerous applications, promoting adaptability[12]. By looking 

into new techniques and materials to improve the effectiveness and accessibility of wireless 

power transfer systems, the project also aids in research and development efforts. Last but not 

least, by reducing reliance on traditional wired charging methods, the project helps achieve 

sustainability goals by lowering electronic waste and promoting a greener future. 
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REVIEW ON WIRELESS POWER TRANSFER 

2.1 Introduction 

The need for effective and sustainable energy sources is greater than ever in today's 

modern society. With rising fuel prices, fiercer competition in the market, more stringent 

regulations, and ongoing climate change [13], it is imperative that new technologies be created 

that can deal with these problems. Technology that uses wireless power transmission might be a 

solution in this case. Due to its simplicity and capacity to eliminate physical connections, wireless 

power transfer (WPT) technology has grown increasingly common. Capacitive wireless power 

transfer (CWPT) is one type of wireless power transfer (WPT) that depends on electric field 

shielded coupling. Shielded couplers are used in CWPT to improve performance and reduce 

interference.   

The project's goal is to develop a shielded coupler for a 6.78MHz CWPT system. The 

design, effectiveness, and performance characteristics of the system are all thoroughly examined 

in this study. Additionally, it is looked into how the system will affect the decline in transmission 

losses, which is essential for ensuring an energy-efficient distribution network [14], [15]. By 

carefully analyzing these elements, this study intends to offer a comprehensive picture of the 

evolution of this technology for wireless power transfer and its potential to advance 

environmentally friendly energy technologies [8], [10]. 
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Figure 2.1 Wireless Power Transfer (WPT) 

 
Based on Figure 2.1, Wireless Power Transfer (WPT) includes Inductive Power Transfer 

(IPT), which uses magnetic fields; Capacitive Power Transfer (CPT), which uses electric fields; and 

Hybrid approaches that combine the two. By doing away with the requirement for physical 

connectors, these technologies enable effective and convenient energy transmission across a range 

of applications. 

2.2 Global and Current Issue on WPT 

Materials both hazardous and non-hazardous are found in electronic waste. The annual 

global production of electronic waste is estimated to be between 20 and 50 million tonnes. It 

accounts for 1% to 3% of the 1636 million tonnes of municipal waste generated annually around 

the world.  Large amounts of EOL and obsolete electrical and electronic equipment have 

contributed to a rapidly expanding waste stream, which is growing at a rate of 3 to 5% per year 

in terms of municipal waste globally. Electronic waste contains organic toxic and dangerous 

substances, setting it apart from regular municipal waste. To raise awareness of the detrimental 

effects of treating electronic waste in an unregulated manner and to prevent human beings and 

the environment from being contaminated by these pollutants[16], it is important to study the 

characteristics of various hazardous materials found in electronic waste. 
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2.3 Inductive Power Transfer (IPT) 

Inductive power transfer technologies used for battery charging, such as low-power 

consumer gadgets, are becoming more and more prevalent. With the help of magnetic induction, 

inductive power transfer (IPT), a wireless technology, transmits energy from a transmitter to a 

receiver without needing to make actual physical contact. In IPT, a primary coil in the signaling 

device and another coil in the receiving end exchange energy. When an alternating current (AC) 

is sent through the primary coil, a magnetic field is created everywhere around it. The secondary 

coil generates an alternating voltage as a result of this magnetic field, which may be rectified and 

utilized to power a load [17]. A variety of applications where wireless power transfer is desired 

can benefit from the potential of inductive power transfer, a promising technology. 

Two coils are typically used in inductive power transfers, a primary coil that is permanent and 

a secondary coil that is portable or moveable. The magnetic field on the initial coil is created when 

it is receiving an alternating current causing the secondary coil, as shown in Figure 2.2 [18], to also 

receive an alternating current. The load or portable gadget can therefore receive electricity 

wirelessly. Coil distance, frequency, and design are just a few of the factors that affect the coil's 

size, shape, and capacity to transfer power. IPT systems are used to power electric cars, recharge 

portable electronics and power medical implants. Even though IPT has advantages like safety, 

convenience, and adaptability, it also has drawbacks like range and efficiency, which ongoing 

research is trying to overcome [19]. 
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Figure 2.2 Inductive Power Transfer System [18] 

 

Based on the Inductive Power Transfer system in Figure 2.2 [18], [20] Inductive 

reasoning transmission of energy is a form of wireless power transfer, also known as magnetic 

induction, which uses electromagnetic fields to transfer energy between two coils, an inductor 

(transmitter) and a receiver coil. The system begins with a power source that provides electrical 

energy, such as an AC power grid or a DC power supply. Then, this power is converted and 

conditioned to produce an appropriate AC or high-frequency AC waveform using rectifiers, 

inverters, and converters. The primary coil, a substantial wire coil on the transmitter side as in 

Figure 2.3, is excited by the generated waveform, creating a magnetic field. 

 

 

Figure 2.3 Block Diagram of IPT [20] 

Because of the inductive connection between the transmitter and receiver coils, which 

promotes effective energy transfer, the IPT system shows excellent power transfer efficiency in 

Figure 2.3. The design places a high priority on user and environmental safety, to reduce the 
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possibility of radiation exposure or electric shock brought on by the magnetic field generated during 

energy transmission. 

The IPT system also has a lot of user-friendly capabilities, like the ability to charge small 

electrical items like cellphones and electric toothbrushes without the transmitter and receiver having 

to come into direct touch with each other. Its adaptability makes it possible to integrate it into a 

variety of surfaces, improving usage in many contexts. These benefits are tempered by a few 

drawbacks, including a limited power transmission range, sensitivity to metallic objects that reduce 

efficiency, and the requirement for exact coil alignment, which in certain situations might make use 

more difficult[21]. 

In addition, the IPT systems could not be as economical as conventional wired power 

transfer arrangements, particularly for applications that need higher power transfer or longer-range 

capabilities[22]. Despite these drawbacks, IPT systems' resilience to elements like temperature 

fluctuations, humidity, and vibrations makes them appropriate for harsh situations like industrial 

settings or outdoor applications. Not to mention setting up IPT systems can be more expensive than 

setting up traditional wired power transfer systems, particularly for applications requiring high 

power transfer or longer-range power transfer[23]. 

2.4 Hybrid Power Transfer 

A hybrid power transfer system combines two or more energy sources, like petrol and 

electricity, to run a car or power a device. The hybrid power system maximizes efficiency and 

reduces emissions by choosing the best power source for a specific situation [24]. For instance, 

in hybrid electric vehicles, the electric motor is used for low-speed driving while the petrol engine 

provides power for high-speed driving or charging the battery. Some hybrid power systems as in 

Figure 2.4 have the capability of regenerative braking, which recovers energy that would 



11 

otherwise be lost during braking and uses it to recharge the battery. This kind of resource use 

increases its sustainability and effectiveness. 

Figure 2.4 Hybrid wireless power transfer system circuit[24] 

By referring to Figure 2.4, a basic hybrid wireless energy transmission system uses radio 

waves to send electrical energy from a power source to a device that integrates two or more wireless 

power transfer methods. The system may employ inductive coupling, magnetic resonance, or radio 

frequency energy transfer for wireless power delivery[25], [26]. These technologies can be used 

standalone or in combination to create a more effective and efficient system. A hybrid system can 

also employ a physical connection to deliver power, such as in the form of a battery or a generator 

if wireless power transmission is impracticable.  

Figure 2.5 Hybrid wireless power transfer (HWPT) system 
(a) IPT branch (b) CPT branch [25]
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In this hybrid power transfer system, as illustrated in Figure 2.5, the efficacy and range of 

wireless power transmission are increased by combining the ideas of inductive and capacitive power 

transfer. Electrical energy is provided by a starting power source for the system, such as an AC 

power grid or a DC power supply [27]. This power is then converted and conditioned using rectifiers, 

inverters, and converters to produce a suitable AC or high-frequency AC waveform[24]. 

A wireless power transfer system's transmitter side is made up of a capacitive plate and an 

inductive coil. The capacitive plate stores electrical energy as an electric field, while the inductive 

coil produces a magnetic field when powered by a high-frequency AC waveform. Efficient magnetic 

coupling is facilitated on the receiving end by a capacitive receiver and a secondary coil, which 

generates an electromotive force (EMF) that is converted into electrical power. The range of the 

system is increased and power transmission efficiency is improved by the interaction of the electric 

fields of capacitive plates[28]. 

Hybrid wireless power transfer systems combine multiple technologies, offering 

advantages over single-technology systems. Increased range is a notable benefit, allowing 

devices to be wirelessly charged over greater distances[26]. The efficiency of hybrid systems is 

higher due to reduced energy loss from the coupling of multiple technologies, leading to cost 

savings. Additionally, these systems accommodate a wider range of devices and power 

requirements, enhancing their versatility [26]. However, the increased complexity, cost, and 

potential interference among technologies are drawbacks. Object detection is a safety feature in 

some hybrid systems, contributing to their popularity in wireless power transfer applications [29].  

Despite their overall benefits, the complexity and cost of hybrid systems pose challenges, 

and compatibility issues may arise with certain devices or charging standards. The use of various 

technologies may limit the number of devices that can be wirelessly charged[30]. 
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2.5 Capacitive Power Transfer (CPT) 

Capacitive power transfer (CPT), a wireless power transfer technology, employs electric 

fields to transfer energy between two objects. In CPT, from a supply to the core, power is sent 

through a capacitor that stores it in an electric field [31]. CPT can be used for wirelessly charging 

electronic devices as well as power transfer in automotive and industrial settings compared to 

inductive power transmission, it has the upper hand of having the potential to transmit energy 

across a greater range. The upper hand of CPT includes the requirement for precise alignment 

between the power source and receiver as well as the potential for interference from other electric 

fields. A circuit diagram with the parasitic component as in Figure 2.6 [32]. 

 

Figure 2.6 Circuit diagram with the parasitic component [32] 

The circuit diagram with the parasitic component depicted in Figure 2.6 is a more recent 

substitute for inductive power transfer that has received more attention is capacitive wireless power 

(CWPT). Figure 2.7[33] depicts the CWPT system as a schematic block diagram. A power source 

and a receiver make up the two major parts of a standard Capacitive Power Transfer (CPT) system. 

When an electrode set is exposed to an AC voltage generated by the power source, an electric field 

is created. In the receiver, several electrodes are designed to resonate with the electric field generated 

by the power source[11], [32]. The capacitive coupling between the electrodes of the power source 

and receiver, which occurs when the receiving device is positioned within the electric field, allows 

energy to be transmitted. The energy that is delivered can be utilized to refuel batteries or power 
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electrical gadgets. Just like the prototype in Figure 2.8 [34], several factors, including the range 

between the power source and receiver, the size and shape of the electrodes, and the system 

resonance frequency, influence how effective the CPT system is. 

 

 

Figure 2.7 Block Diagram of Capacitive Wireless Power Transfer [33] 

 

 

Figure 2.8 Prototype of Capacitive Power Transfer [34]. 

In essence, capacitive power transfer transmits energy through electric fields. The 

transmitter has a capacitive plate that generates an electric field and stores electrical energy. The 

electric field is captured by a capacitive receiver in the receiver, which converts it into usable power. 

The power source's electrical energy is transformed and purified. Electric fields enable power 
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transmission, making it possible for the device that transmits to successfully send wireless energy 

to the receiving device[35]. 

Capacitive power transfer (CPT) technologies have revolutionized electrical power 

transmission by providing a wireless option to conventional cable systems. These systems function 

by transmitting power through an electric field, doing away with the necessity of physical cables 

and connectors. CPT systems are excellent at delivering power over short to medium distances 

because they are tuned for efficiency in the radio frequency spectrum. Because of their efficient 

energy conversion and low power losses, they can perform on par with traditional wired systems 

even with less physical infrastructure[35]. 

CPT systems prioritize safety by eliminating direct electrical contact in power transfer. 

Transmission occurs through an electric field between the signaling device and receiver, minimizing 

the risk of shock and eliminating the need for physical isolation[35], [36]. CPT systems are scalable, 

adaptable to diverse power requirements, and can handle higher power levels by adjusting capacitive 

plates or frequency[38]. Unlike inductive coupling methods, CPT systems offer enhanced alignment 

tolerance for spatial separation, reducing waste from physical connectors and cables and positively 

impacting the environment. The variation between a simple layer aluminum plate and a combined 

shielding design using a double-layer aluminum plate is demonstrated by one of the simulations 

performed in Figure 2.9 [39]. 

 

Figure 2.9 (a) Simple layer aluminum shielding. (b) Two-layer aluminum plate shielding [39] 

Despite being well-known for their benefits in wireless power transmission, capacitive 

power transfer (CPT) devices have certain drawbacks and difficulties. The impartial analysis of 
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these problems in this paper gives readers a thorough grasp of the problems and possible fixes related 

to capacitive power transfer devices[40]. 

The limited operational range of CPT systems is one of its main drawbacks. Because 

capacitive coupling operates best at short to medium distances, power transmission efficiency 

decreases as the distance between the sender and receiver grows[41]. Another issue with CPT 

systems operating at high frequencies is the possibility of electromagnetic interference (EMI), which 

could harm adjacent electronic equipment. Impedance matching, operating frequency, and 

capacitance values must all be carefully considered to maintain good power transfer efficiency and 

system stability[42]. 

Additionally, capacitive power transfer systems operate at high voltages, raising safety 

concerns despite implemented precautions. To mitigate electrical risks, proper insulation, 

grounding, and protective measures are crucial. In conclusion, while capacitive power transfer 

devices excel in wireless power transmission, addressing challenges such as limited operating range, 

sensitivity to environmental factors, potential EMI, system complexity, and safety risks from high 

voltage is essential for improving their durability and effectiveness[43]. 

2.6 Shielded Capacitive Power Transfer System 

The Shielded Capacitive Power Transfer circuit can be configured into both symmetrical 

and asymmetrical setups. The symmetrical configuration as in Figure 2.10 offers stability in 

handling load changes, while the asymmetrical setup is advantageous for its lightweight nature 

on the receiver side[44]. For optimal performance, both symmetrical and asymmetrical S-CPT 

systems need to be designed with resonance and matching conditions as key considerations. In 

resonance, the S-CPT system exhibits a total impedance consisting of a resistive part with zero 

reactance, and in matching conditions, the total admittance is set to 0.01 to facilitate the transfer 

of maximum power[40]. 
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Figure 2.10 Diagram of S-CPT. (a) Configuration of Symmetrical S-CPT Circuit. (b) The 

equivalent circuit represents the symmetrical S-CPT circuit. 

 

The component arrangement in the S-CPT system is shown in Figure 2.10(a). It shows 

a voltage input (Vi), a load resistance (RL), and a capacitive structure with six coupler plates[45]. 

The capacitance model only takes into account the parasitic capacitance between the coupler and 

shielding plate, as well as the primary coupler to the secondary coupler. It leaves out other 

parasitic features such as edge side-to-side capacitance and cross-coupling capacitance[44], [45]. 

Here, the capacitance between the primary and secondary coupler plates is indicated by the 

symbol Cc. While the coupler and shielding plate are involved in the parasitic capacitance at the 

secondary (CS), they are also involved in the parasitic capacitance at the primary (CP). On the 

primary side is the inductor (LP), and on the secondary side is the load (RL). 
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The symmetrical configuration shown in Figure 2.10(a) is represented by the equivalent 

circuit of S-CPT in Figure 2.10(b). In this case, R0 stands for the power source's internal 

characteristic. The S-CPT coupler structure, which consists of two shield plates and four coupler 

plates, is shown in Figure 2.11(a). The coupler's equivalent circuit is then shown in Figure 

2.11(b), where capacitance C1 represents the total series capacitance CP on the primary side. 

 

 

Figure 2.11 S-CPT coupler: (a) Coupler incorporating the capacitance model. (b) Equivalent 

circuit representing the coupler. 

The secondary capacitance, denoted as C2, is equivalent to the overall series of the 

inductor CS. To determine the capacitance parameters illustrated in Figure 2.11(b), the two-port 

network method is employed. It is assumed that both circuits in Figure 2.11(a) and Figure 2.11(b) 

share the same ABCD transmission parameter matrix, as expressed in Equation (2.1) with s =j*ω, 

where ω is the angular frequency. Solving both circuits in Figure 2.11 through a MATLAB 

simulation with identical ABCD matrix parameters implies that Equation (2.2) yields the 

coupling capacitance Cc, while Equations (2.3) and (2.4) provide the primary and secondary 

capacitances, respectively. 
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2

 (2.4) 

 

When the inductor L1 is introduced into the primary circuit, as depicted in Figure 

2.10(b), the inductor in Figure 2.10(a) becomes half of L1 due to the equivalence of total 

inductance in both circuits[44]. In simplified terms, LP is expressed as 0.5 times L1, and LS is 

represented as 0.5 times L2. On the secondary side, the secondary capacitance C2 and secondary 

inductor L2 are characterized by the total series capacitance C2 and twice the value of the 

secondary inductor LS. Consequently, the equivalent circuit in Figure 2.10(b) is derived from 

Figure 2.10(a) based on these parameter relationships[44]. 

The ratio of the secondary capacitor C2 to the primary capacitor C1 is expressed as 

r=C2/C1, and the relationship between the coupling capacitance and the shield coupler is given 

by a = 1 + C/Cc + 1/r. The operating frequency is denoted by f, and the angular frequency is ω = 

2πf. The value C is equivalent to the primary capacitance, C = C1. 

In the symmetrical configuration, the primary inductor L1 is equivalent to the secondary 

inductor L2, and the capacitance of the shield plate at both the primary and secondary sections is 

identical, denoted as C=C1[45]. The ratio of the primary capacitance to the secondary 

capacitance is represented by r = 1. Consequently, the calculated inductor value, determined 

using Equation (2.2) under resonance conditions, is derived in Equation (2.5). The computation 

process was carried out using a MATLAB simulation[44]. 
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𝑅𝑅1 = 𝑅𝑅2
(𝐶𝐶 + 𝐶𝐶𝐶𝐶

(𝐶𝐶2 + 2𝐶𝐶𝐶𝐶𝐶𝐶)𝜔𝜔2 (2.5) 

 

Equation (2.5) illustrates the connection between the inductor and other parameters, 

highlighting that the symmetrical circuit can yield three potential inductor values, forming three 

symmetrical S-CPT topologies[44], [45]. According to Equation (2.5), one of the S-CPT systems 

exhibits no correlation between the RL load and the inductor value, while the other two systems 

display such a relationship. Building upon the analysis of symmetrical S-CPT, these topologies 

can be transformed into asymmetrical configurations[44], as depicted in Figure 2.12. 

 

Figure 2.12 An equivalent of asymmetrical S-CPT. 

 

Figure 2.12 illustrates an asymmetrical S-CPT configuration where the primary inductor 

L1 is coupled with shield plate capacitance C1 and C2, along with coupling capacitance CC, 

without any inductance on the secondary side. 
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2.7 Comparison of IPT, Hybrid and CPT 

Table 2.1 Comparison of IPT, Hybrid, and CPT 

Item IPT Hybrid CPT 

 
Cost High Cost [23] Low cost [29] lower cost than IPT 

and hybrid [46] 

 
Size and 
weight 

320 × 450 mm [41] 
Heavyweight [41] 

500 × 500 mm [29] 
Light-weight [29] 

170 ×100 mm [42] 
light weigh [36] 

 
Power 

and 
Efficiency 

10W, 85% [41] 
300W, 85% [41] 

 

4.3W, 50%[25] 
200W, 89% [29]  

1.1kW, 91.9% [29] 
 

160W, 88.2% [36] 
330W, 90% [36] 
1kW, 90% [36] 

2.57kW, 89.3% [36] 

2.8 Various applications on CPT 

Table 2.2 Example Application on CPT 

 
Application 

 

 
Year 

 
Frequency 

 
Power 

 
Efficiency 

 
Citation 

Charging Smart Phone 
Receiver 

2018 6.78MHz 5W 68~80% [3] 

Electric Vehicle 2017 40kHz 3.6kW 91% [15] 

Electric Vehicle 2017 79kHz 7.6kW 96% [15] 

Electric Vehicle 2017 1MHz 2.4kW 90.8% [15] 

Electric Vehicle 2017 1MHz 2.2kW 85.87% [15] 

Electric Vehicle 2017 250kHz 1kW 94% [15] 

Electric Vehicle 2017 1MHz 3kW 94.45% [15] 
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Autonomous  underwater  
vehicles  (AUVs) 

2021 500kHz 226.9W 91.3% [42] 

Battery Charger 2017 6.78MHz 2.68W 91.4% [47] 

Drone 2017 2.3GHz 5W 72% [48] 

Drone 2020 85kHz 450W ±80% [49] 

Drones 2017 6.78MHz 12W +50% [48] 

Electric Vehicle 2020 85kHz 11kW 90.8% [50] 
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METHODOLOGY 

3.1 Introduction 

This chapter will go over the procedures and approaches used in the creation of a 

shielded coupler operating at 6.78 MHz for wireless energy transfer through capacitance. The 

main focus of this discussion will be on using a shielded coupler at a frequency of 6.78MHz to 

achieve high efficiency in wireless power transfer. High efficiency and dependable wireless 

power transfer at the desired frequency can be achieved by combining design analysis, 

simulation, prototyping, testing, and software integration. The LTspice software will be used in 

this project, which will be suitable to guarantee its success. 

3.2 Justification for sustainable development on CPT 

Shielded couplers for capacitive wireless power transfer offer significant environmental 

benefits, which support their continued development. According to Figure 3.1 of the Sustainable 

Development Goals, the project supported Goal No. 7 because electric vehicles use clean energy. 

Not only that, but CPT also backed Goal 12 of the Sustainable Development Goals because it 

would decrease electronic waste. By eliminating the need to make and dispose of physical 

connectors and cables, these couplers offer a more environmentally friendly alternative by 

reducing resource consumption and the generation of electronic waste. Conventional connectors 

and cables harm the environment throughout their lifetime because they demand the extraction 

of non-renewable resources. Shielded couplers assist in minimizing these environmental effects 

by eliminating the need for these physical components. Furthermore, the environmental 
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advantages of shielded couplers are strengthened by their promotion of clean energy sources and 

energy efficiency. Due to their ability to reduce energy losses during wireless power transfer, 

these couplers maximize energy use while also reducing greenhouse gas emissions. In addition, 

by aiding the transition to a future with less polluted, more environmentally friendly electricity, 

enabling wireless charging through the use of renewable energy contributes to sustainable 

development objectives. Due to these positive effects on the environment, the creation of shielded 

couplers for capacitive wireless power transmission serves as an illustration of how to use green 

technologies to promote resource conservation, waste reduction, and climate change mitigation. 

 

Figure 3.1 Sustainable Development Goals 
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3.3 Methodology 

The General block diagram of the capacitive wireless power transmission for the 

charging system is presented in Figure 3.3, showcasing the fundamental components and 

connections within the system. Moving forward, Figure 3.4 provides a detailed block diagram 

specifically focused on the experimental setup for S-CPT (Capacitive Power Transfer) as 

observed on NanoVNA (Vector Network Analyzer). 

Expanding our view into the Benchwork environment, Figure 3.5 elucidates the Block 

diagram of the S-CPT experimental setup, offering insights into the practical implementation and 

configuration of the system. Further, in Figure 3.6, the Block diagram of the Class-E Inverter for 

the experimental setup is illustrated, providing a comprehensive overview of the inverter 

component within the larger framework. 

The creation and testing of each model were undertaken independently, emphasizing a 

meticulous approach to ensure the accuracy and reliability of the results. The design process for 

each model adhered to a systematic flowchart, as depicted in Figure 3.2, guiding the researchers 

through a step-by-step procedure. 

Upon the confirmation of the primary model's results, a crucial phase ensued where all 

individual components were seamlessly integrated into a cohesive subsystem. This integration 

allowed for a holistic evaluation of the entire system's performance. The simulation of this 

consolidated subsystem was conducted using LTSpice, a powerful tool for circuit simulation, 

and the output data were thoroughly examined to validate the effectiveness of the design. 

It is imperative to note that the project encompasses both software and hardware 

research, underscoring a multidimensional approach. The software aspect involves the utilization 

of simulation tools like LTSpice, while the hardware research involves the practical 

implementation and testing of the capacitive wireless power transmission system. This dual-

focus strategy ensures a comprehensive understanding and validation of the proposed system 
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across different domains, contributing to the robustness and reliability of the overall research 

endeavor. 

 

Figure 3.2 Flow chart of the capacitive wireless power transfer project. 
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Figure 3.3 General block diagram for the experimental setup. 

 

Figure 3.4 Block diagram of S-CPT experimental setup on NanoVNA 

 

Figure 3.5 Block diagram of S-CPT experimental setup in Benchwork 

 

Figure 3.6 Block diagram of Class-E Inverter for experimental setup 
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3.4 Computation on S-CPT   

Circuit modeling is the process of constructing a mathematical representation of an 

electrical circuit to understand its behavior and assess its performance. It makes it possible for 

scientists and engineers to model circuit behavior. Without actually building the circuit, this 

report evaluates various design options using circuit modeling. 

3.4.1 Shielded Capacitive Power Transfer 

The size of the object that needs to be charged is a limiting factor in the shielded CPT 

design. As can be seen in Fig. 3.7, four pairs of coupling plates are mainly used to construct shielded 

CPT, which acts as an interface for power transmission throughout the receiver and the transmitter. 

An extra plate is positioned behind the couplers as a shield to reduce on electromagnetic emission 

of the CPT system. A simplified shielded CPT model will be used for the simulation. 

 

Figure 3.7 Structure model of shielded-CPT 
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Figure 3.8  Simplified model of shielded-CPT coupling structure 
 
 

The project can now proceed with the calculation for the coupling capacitance (CC) and 

parasitic shield capacitance (C2 and C3) based on Figure 3.8 thanks to the overlapped surface area 

of the plate that has been researched. Theoretically, the capacitance (Cx, which stands for CC and 

C1) between two plates can be calculated as 

 

𝐶𝐶𝑥𝑥: Capacitance, in farad (F)  

Eo: 1 

K: dielectric constant (8.854x10-12 F/m) 

𝐴𝐴: Area, mm²  

D: The vertical gap distance between the plates, mm 

 

Where the relative dielectric constant of the material utilized between the plates is 1, and 

Eo and K stand for the vacuum dielectric constant (8.854x10-12 F/m), respectively. A and D, 

respectively, stand for the overlapping surface area of the plates (mm2) and the vertical gap distance 

between the plates. 

 

𝐶𝐶𝑥𝑥 =
𝐾𝐾(𝐸𝐸𝐸𝐸)(𝐴𝐴)

𝐷𝐷
  (3.1) 
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Table 3.1 Parameters of the coupling saiz 

Load Parameter 
Length (mm) Width (mm) Overlapping surface area of the plates (mm²) 

Drone 1 90 80 7200 
Drone 2 110 110 12100 
Phone 160 70 11200 

RC Car 80 70 5600 

3.4.2 Resonant Inductance 

Assumedly, the size and placement of the coupling structure are symmetrical. Additionally, 

the parasitic capacitance C1 and C2 values provided by the coupling plate and shield plate are nearly 

identical. This system makes use of a L network with series inductance. Inductors are also added to 

two locations, to put the L onto the connection plate, placing one on the side that transmits and the 

other on the receiving side. Modeling of the simplified shielded-CPT coupling structure is shown in 

Fig. 3.6. Matching network L's inductance can be thought of as 

 

𝑅𝑅 =
(𝐶𝐶 + 𝐶𝐶𝐶𝐶)

(𝐶𝐶2 + 2𝐶𝐶𝐶𝐶 × 𝐶𝐶)𝑤𝑤²
  (3.2) 

𝑅𝑅: Inductnce, in hertz (H)  

𝐶𝐶: Parasitic shield capacitance  

𝐶𝐶𝐶𝐶: Coupling capacitance 

𝜔𝜔: 2𝜋𝜋𝑓𝑓, where 𝑓𝑓 = 6.78 MHz 

When w is 2f, f is resonance frequency, C is the equivalent parasitic shield capacitance, 

coupling capacitance, and Cc is for coupling capacitance. For the inductance of matching network 

L in the secondary side, shielded-CPT can be used with the same equation or equivalent with the 

inductance in the primary side shielded-CPT. 
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3.5 Development of the S-CPT model in the software stage 

 

Figure 3.9 Ltspice Illustration [51] 

To simulate electronic circuits, such as those depicted in Figure 3.9, a program called 

LTspice from Linear Technology is frequently used. Engineers and electronics enthusiasts can 

simulate and analyze the behavior of electronic circuits before building physical prototypes. 

LTspice supports circuit designs for analog, digital, and mixed-signal applications. Users can 

create and edit circuit schematics using a graphical user interface or by writing netlists. Just a 

few of the many components that are available in the software include transistors, operational 

amplifiers, inductors, resistors, capacitors, operational amplifiers, and digital logic gates. In the 

electronics industry, the software is frequently used for circuit design and verification, 

component value selection, examining the behavior of circuits under various conditions, and 

circuit troubleshooting [51].  

It is an effective tool that gives engineers of all levels a practical and affordable way to 

iterate and improve circuit designs. Figure 3.10 shows the circuit simulation for hardware 

fabrication using LT Spice. Meanwhile, Figure 3.11 shows the simplified circuit that has been 

proposed for the simulation. 
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Figure 3.10  The proposed capacitive wireless power transfer model for hardware fabrication. 

 
Figure 3.11  The proposed capacitive wireless power transfer model for software requirement. 

 

All the relevant parameters are listed in Table 3.1, and Equations 3.1 and 3.2 are applied to 

determine the values of the capacitor and inductor in the circuit simulation indicated in Figure 3.10 

and Figure 3.11. Because the circuit components are precisely configured thanks to this algebraic 

method, the simulation results are more accurate and reliable. The simulation process is made more 

defined and methodical by methodically calculating the values based on the given equations and 

consulting the detailed parameter table. This enables well-informed decision-making in the circuit's 

design and analysis as well as a deeper understanding of the behavior of the circuit. 
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3.6 Development of the S-CPT model in the hardware stage 

The suggested shielded CPT structure is built with two additional plates behind each 

side, resembling a typical CPT coupling-plate interface. The coupling structure creates a six-

plate CPT system made up of a shielding component and a power transfer component. In this 

setup, the circuit parameter as shown in Table 3.2 is tuned to the necessary power and efficiency, 

and the coupling's size and distance are taken into account about the air breakdown voltage safety 

level and the EF stray. Through field simulation and hardware experiments, the EF-emission 

characteristic was observed by introducing the extra plates. When compared to the four-plate 

systems in these investigations, the six-plate CPT system demonstrates, as in Figure 3.12, a 

significant decrease in EF emission. From the four simulations that have been made, only one 

has been chosen for the hardware implementation. 

 

 

Figure 3.12  LT Spice circuit schematics of 6.78 MHz capacitive wireless power transfer 

prototypes. 
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Table 3.2 Parameter for experiment specification 

Symbol  Description  Value  Unit  
𝐶𝐶1, C6 Coupling capacitance  17 𝑝𝑝𝑅𝑅  
𝐶𝐶2, C3, C4, 
C5 

Parasitic shield 
capacitance  

34 𝑝𝑝𝑅𝑅  

𝑅𝑅  Inductance  12.2 𝜇𝜇𝐻𝐻  
𝑓𝑓  Switching frequency  6.78  𝐸𝐸𝐻𝐻𝑀𝑀  
𝐴𝐴  Area  11000  𝑚𝑚𝑚𝑚²  
𝑠𝑠  Separation distance  5  𝑚𝑚𝑚𝑚  

 

3.6.1 Power Source DC Voltage 

A variety of electronic devices and DC motors are powered by direct current voltage, also 

known as DC voltage Source just like in Figure 3.13. This dependable and unidirectional electrical 

voltage is also known as DC voltage. Unlike Alternating Current (AC) voltage, which occasionally 

changes direction, DC voltage provides a steady and reliable flow of electrical energy in one 

direction. Applications requiring a constant voltage source, such as battery charging, electronic 

circuits, and motor control, are ideal for their dependability and steadiness. 

 

 

Figure 3.13 DC Voltage Source 

3.6.2 Copper Plate 

One of the conducting plates used to create a parallel plate capacitor, as shown in Fig. 3.14, 

is a copper plate. The capacitor functions as a surface for charge accumulation when a potential 

difference is applied across it. An increase in negative charge results from the flow of electrons onto 
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the copper plate when a voltage is applied. The capacitor may store electrical energy because the 

charges build up and create an electric field between the copper plate and the other plate. Copper is 

frequently used to facilitate efficient charge transfer because of its excellent electrical conductivity. 

Additionally, copper's high thermal conductivity helps with heat dissipation. 

 

 

Figure 3.14 Copper Plate 

3.6.3 Oscillator 

An electronic circuit or device is referred to as an oscillator if it generates a repeating 

waveform without the assistance of an external input, as shown in Figure 3.15. To produce a periodic 

output signal that can be used in electronic systems for timing, communication, or sound generation, 

it combines several components. Oscillators are crucial for generating accurate and dependable 

oscillating signals in many electronic devices and applications. 

 

Figure 3.15  One of an Oscilloscope Device 
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3.6.4 Resistor 

An electronic component called a resistor in Figure 3.16 regulates how much current 

can flow through a circuit. How much current it blocks is determined by the specific resistance 

value, which is expressed in ohms. Resistors are devices used in electronic circuits to divide 

voltage, restrict current flow, and control signal levels. They are necessary for various devices to 

ensure proper circuit operation and component protection. 

Figure 3.16  An example of a Resistor 

3.6.5 Inductor 

A magnetic field is used to store energy in an electronic component known as an inductor, 

similar to that shown in Figure 3.18. A wire coil is wrapped around a material as the core of the 

device. When current passes through the coil, it creates a magnetic field that stores energy. Circuits 

use inductors for impedance matching, energy storage, and filtering. They are essential for many 

different electronic devices' performance and functionality. 

 

Figure 3.17  A small example of an inductor 
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3.6.6 Coupler Structure 

One crucial component that has a big impact on the effectiveness and general performance 

of wireless power transmission in the shielded-CPT (Capacitive Power Transfer) system is the 

Coupler Structure implementation as in Figure 3.19. Effective coupling of electromagnetic fields is 

made possible by the energy transfer between the transmitter and receiver coils, which is made 

possible in large part by the Coupler Structure. With a detailed plan in place and resources at hand, 

the project is set into motion. This phase involves the practical application of skills, knowledge, and 

tools to produce the desired outcome. Figure 3.18 shows the process of making a shielded CPT 

system. Once all components are in place and the project meets the established criteria, the final 

version is prepared. 

 

 

Figure 3.18  The process of making a shielded-CPT system. 

 

Figure 3.19  Coupler Structure implementation of the shielded-CPT system. 
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3.7 Experimental on S-CPT 

In this experimental study on S-CPT, we systematically characterized the system's 

performance using a NanoVNA and experimented at benchwork, analyzing factors such as 

operation frequency amplitude approaching to 6.78MHz at the peak, power transfer efficiency, 

and voltage transferred from transmitter to receiver. 

3.7.1 Experiment using NanoVNA Server 

A cross-platform application called the NanoVNA saver as illustrated in Figure 3.20 

enables you to store Touchstone files from the NanoVNA, sweep frequency spans in segments 

to gather more than 101 data points, and then view and evaluate the information that has been 

gathered. This program creates a connection to a NanoVNA to extract data for computer display 

and storage as Touchstone files. Figure 3.21 shows the setup connection of S-CPT with 

NanoVNA. 

 

 

Figure 3.20  NanoVNA Saver 
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Figure 3.21  The setup connection for NanoVNA 

Figure 3.21 depicts the connection made to the NanoVNA from the parallel plate to 

generate the required output graph, based on the block diagram in Figure 3.4. The parallel plate 

needs to be linked to the inductor with a crocodile clip before it can be secured to the frame. To 

deliver the output from the capacitive power transfer structure, the NanoVNA is linked to an 

SMA connection on the experimental board. 

3.7.2 Benchwork Experiment 

The goal of capacitive wireless power transfer experiments is to transfer electrical 

energy between systems in an efficient manner without the need for physical connectors. Energy 

transfer is made possible by electric fields between the transmitter and receiver plates via 

capacitive coupling. A resonant tank circuit, a high-frequency AC source, and a receiving module 

with a rectifier and load are all part of the setup. 



40 

 

Figure 3.22  Complete circuit of 6.78MHz Shielded Coupler for Capacitive Wireless Power 

Transfer without inverter 

 

 

Figure 3.23  RF Signal Generator set to 10Vpp 

The hardware experimental setup connection using an oscilloscope and RF Signal 

Generator is shown in Figure 3.22 and is followed by the block diagram in Figure 3.2. The 

capacitive power transfer structure has been connected from an RF Signal Generator set to 10 

Vpp as in Figure 3.23. The oscilloscope's input will be connected to the input function generator, 

and its output will be connected to the CPT structure to obtain the desired output waveform. 
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3.8 Class-E Inverter as the supply 

A suitable topology, component selection, control circuit design, efficiency optimization, 

taking safety precautions into account, PCB design, simulation, testing, iterative refinement, and 

documentation are all necessary when designing an inverter for capacitive power transfer (CPT). It 

is crucial to take into account the needs of the system, such as output power, frequency, and 

efficiency. A successful and optimized design requires knowledge of power electronics and circuit 

design. It is recommended to ask for advice and consult pertinent resources, for that reason, figure 

3.24 is designed using Sofware Class-E. 

 

 

Figure 3.24 Class-E Illustration 

3.8.1 Simulation for Inverter 

In the simulation setup for the Class-E inverter experiment, we configured the circuit 

parameters, including Mosfet, capacitance, inductance, resistance, and other components. The 

simulation was conducted using Class-E Inverter software. The simulation as in Figure 3.25 and 

Figure 3.26 aimed to assess the inverter's performance under varying load conditions. Additionally, 

S-CPT (Shielded Capacitive Power Transfer) was incorporated into the simulation to explore 

potential enhancements in efficiency and performance. Comprehensive data logging was 

implemented to capture key parameters such as voltage, and power across the circuit components. 
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Figure 3.25  Designed Circuit for Inverter using Class-E 

 

Figure 3.26  Designed Circuit for Inverter transferred to LT Spice 

Due to a lack of detailed measurement capabilities within the Class-E software, we opted 

to transfer the circuit from the Class-E inverter circuit as in Figure 3.25 to LT Spice as in Figure 

3.26. This decision was driven by the desire to take advantage of LT Spice's advanced functionality, 

particularly its robust simulation capabilities and comprehensive analysis tools. By utilizing LT 

Spice, we aimed to obtain more precise measurements and a deeper understanding of the circuit's 

behavior, facilitating a more thorough and accurate analysis. 
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3.8.2 Hardware setup for Inverter 

The precise and controlled switching of power semiconductor devices at specific 

frequencies is achieved through the use of a gate driver in an experimental setup similar to that 

shown in Figure 3.27, which focuses on frequency requirements. It is essential for devices like 

inverters, motor drives, and frequency converters that power switches, such as MOSFETs or 

IGBTs, turn on and off at the appropriate frequency. The gate driver makes sure of this cause 

existence of MOSFET that will be used. 

The hardware experimental setup with an oscilloscope and function generator for gate 

driver connection is shown in Figure 3.28. To function as shown in Figure 3.29, the gate driver 

needs a 5V input source. The oscilloscope's output will be connected to the Gate Driver structure, 

and its input will be connected to the input function generator in order to obtain the desired output 

waveform. 

 

Figure 3.27  Gate Driver Circuit Design 

 

Figure 3.28  Gate Driver Circuit Design 
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Figure 3.29  Supply for gate driver 

To validate the simulations, a power converter experimental circuit has been realized. A 

picture of the experimental setup. An enlargement of the breadboard is shown in Figure 3.30, while 

the equivalent electrical schematic is shown in Figure 3.25. A 10V input source is required for the 

Inverter to operate as depicted in figure 3.31. To obtain the desired output waveform, the 

oscilloscope's input and output will be connected to the input function generator and the Inverter 

structure, respectively. 

 

Figure 3.30 Electrical circuit connection of the inverter 

 

Figure 3.31  Supply for Inverter 
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3.9 Gantt Chart  

Project handlers utilize Gantt charts to help stakeholders communicate more easily and 

to visually represent the project timeline, task dependencies, progress tracking, resource 

allocation, and planning adjustments. It gives a concise and clear summary of the project's 

timeline, aids in monitoring progress, identifies dependencies, and facilitates efficient resource 

management. Clarity is improved, decision-making is made easier, and stakeholder engagement 

is increased when a Gantt chart is included in a project report. Overall, a Gantt chart is used for 

presenting the project’s schedule and timeline to ensure that the consistency and organization of 

the project’s development will improve as the develops. Appendix A demonstrates the Gantt 

chart throughout the entire PSM1 and PSM2 progress. 

3.10 Summary 

This chapter outlines the suggested methods for the 6.78MHz shielded coupler for 

capacitive wireless power transfer. It involves methodically designing and evaluating the 

coupler's performance at the target frequency. To begin, one must be knowledgeable of the design 

requirements and standards, including the coupling distance and power transfer performance. 

The appropriate components, such as capacitive plates, shielding materials, and circuitry, are 

chosen to construct the shielded coupler. Testing and prototyping are carried out to make sure 

the design functions as intended, to evaluate the efficiency of the power transfer, and to evaluate 

how well it performs in various scenarios. Analysis of the experimental data is done for design 

optimization and improved coupler efficiency. The method aims to achieve a reliable and 

efficient wireless power transfer at 6.78MHz by capacitive coupling while taking into account 

factors like interference reduction, safety, and practicality. 
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RESULTS AND DISCUSSIONS 

4.1 Introduction 

The results and discussion presented in this section focus on the evaluation and analysis 

of a 6.78MHz shielded coupler specifically designed for capacitive wireless power transfer. The 

performance characteristics of the coupler have been carefully examined through experimental 

investigations and measurements. The results obtained give important information about the 

specified frequency.  

4.2 Calculation Results for S-CPT 

Table 4.1 shows the value of the coupling capacitance (Cc), parasitic shield capacitance 

(C1 and C2), and inductance (L) that have been calculated using the formula in 3.1 and 3.2 and 

load resistance (RL) that been used because of the selection had been made using LTSpice during 

the circuit design.  

Table 4.1 Analysis of test parameters of the S-CPT system 

Load Parameter 
Cc (pF) C1 and C2 (pF) L (µH) RL (Ω) 

Drone 1 6.37 15.9 26.9 900 
Drone 2 10.7 21.4 19.3 900 
Phone 9.92 24.48 17.3 900 

RC Car 8.26 16.5 25 900 
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4.3 Simulation using LTSpice 

Tables 4.2, 4.3, 4.4, and 4.5 show the preliminary result based on Ltspice showing the 

calculated CPT system can be used in drones, phones, and RC cars by the matching impedance 

amplitude approaching 6.78MHz at the peak.  

Table 4.2 Drone 1’s result for CPT at 6.78MHz 

RESULTS 

DRONE 1 

 

 

Circuit 

Diagram 

 

 

 

 

LT Spice simulation: 
Frequency response 
 

 

 

Analysis finding: 
Operation frequency 
amplitude approaching 
to 6.78MHz 

 

 

Figure 4.1 Circuit diagram for charging drone 1 using 
LTspice 

 

Figure 4.2 Results from the circuit diagram 

 
Figure 4.3 Operation frequency amplitude approaching to 

6.78MHz at the peak 
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Table 4.3 Drone 2’s result for CPT at 6.78MHz 

DRONE 2 

 

 

Circuit 

Diagram 

 

 

 

 

LT Spice simulation: 
Frequency response 
 

 

 

Analysis finding: 
Operation frequency 
amplitude approaching 
to 6.78MHz 

 

 

Figure 4.4 Circuit diagram for charging drone 2 using 
LTspice 

 

 

Figure 4.5 Results from the circuit diagram 

 

 

Figure 4.6 Operation frequency amplitude approaching 
to 6.78MHz at the peak 
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Table 4.4 Phone’s result for CPT at 6.78MHz 

PHONE 

 

 

Circuit 

Diagram 

 

 

 

 

LT Spice simulation: 
Frequency response 
 

 

 

Analysis finding: 
Operation frequency 
amplitude approaching 
to 6.78MHz 

 

 

Figure 4.7 Circuit diagram for charging the phone using 
LTspice 

 

 

Figure 4.8 Results from the circuit diagram 

 

 

Figure 4.9 Operation frequency amplitude approaching 
to 6.78MHz at the peak 
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Table 4.5 RC Car’s result for CPT at 6.78MHz 

RC Car 

 

 

Circuit 

Diagram 

 

 

 

 

LT Spice simulation: 
Frequency response 
 

 

 

Analysis finding: 
Operation frequency 
amplitude approaching 
to 6.78MHz 

 

 

Figure 4.10 Circuit diagram for charging RC Car using 
LTspice 

 

 

Figure 4.11 Results from the circuit diagram 

 

 

Figure 4.12 Operation frequency amplitude approaching 
to 6.78MHz at the peak 

 
 

  



51 

4.4 Hardware 

The validation of theoretical models and simulations is aided by hardware results. 

Although simulations can shed light on how well a capacitive wireless power transfer system 

works, real hardware tests are required to verify the accuracy of these models. Hardware results 

allow for the evaluation of the actual performance of a capacitive wireless power transfer system 

in real-world conditions. This includes efficiency, power transfer capability, and other relevant 

parameters. This type of design is made possible by hardware testing, allowing for adjustments 

and enhancements based on real performance data. 

4.4.1 Results from NanoVNA 

In this experiment, the analysis using the NanoVNA, aimed to achieve an Output 

waveform in magnitude and phase, leveraging its capabilities to measure that reaches 6.78MHz. 

The NanoVNA results unveiled an Output waveform in magnitude and phase achieved 6.78MHz 

in the CPT system based on Figure 4.13. 

 

 

Figure 4.13  Output waveform in magnitude and phase from NanoVNA. 
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Figure 4.14  Output waveform for matching impedance and measurement of capacitor for 
hardware design 

 
 

  The matching impedance or return loss waveform, and the measurement of capacitor or 

Serial C, are both shown in Figure 4.14. The matching impedance and measurement of the capacitor 

in the S-CPT situation are 1 and 1, respectively, as is well known. But in this instance, it 

demonstrates that the hardware has a -8.2 matching impedance or return loss and 14nF measurement 

of the capacitor. It completely results in an imperfect situation, which may be caused by the 

hardware fabrication process's minor imprecision such as the value of the inductor may be different 

because it is self-rolled. Besides, it may be caused by the distance of the plate because the 

capacitance at the plate plays a very important role as well but the frequency that is achieved is 

perfect which is to be exact 6.78MHz.  
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4.4.2 Results from Benchwork 

The experiment aimed to evaluate the voltage transfer characteristics of capacitance 

between the primary and secondary coupler plates. Table 4.5 presents the voltage transfer results 

under three different load conditions, no load, 250Ω, and 10kΩ Figure 4.15 shows graph results of 

voltage transferred. The voltage transfer values are measured in volts (V), and the experiments were 

conducted at different distances between primary and secondary coupler plates.  

 Table 4.6 Results of Voltage transferred  

 

Voltage Transferred 

Distance (mm) Load Resistor 
No Load (V) 250Ω (V) 10kΩ (V) 

5 16.7 20.7 16.5 
10 7.8 12.2 7.6 
15 4.5 5.23 4.78 
20 3.3 3.22 3.4 
25 2.49 2.31 2.63 
30 1.93 1.79 2.13 
35 1.59 1.51 1.83 
40 1.35 1.31 1.63 
45 1.07 1.13 1.45 
50 920m 1.03 1.32 
60 780m 940m 1.23 
70 - 780m 1.17 
80 - - 1.09 
90 - - 1.03 

100 - - 920m 
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Figure 4.15  Graph Results of Voltage Transferred 
 

Variations in voltage transfer across the various load circumstances were shown by the 

graph’s results in Figure 4.15. For all load circumstances, voltage transfer diminishes with 

increasing distance. The largest voltage transfer is when there is no load, which is followed by 250Ω 

load and 10kΩ load. With larger loads, the effect of distance on voltage transfer is increasingly 

noticeable. As the distance grows, the voltage transfer drops from 16.7 V to 1.07 V when there is 

no load. A similar trend is observed with the 250Ω load, although with greater beginning voltages. 

A more gradual fall in voltage transfer is seen for a 10kΩ load, highlighting the device's resistance 

to drops caused by distance. 

The three load circumstances' voltage transfer at different distances differs significantly, 

according to a statistical study. The power transmission efficiency is directly impacted by the 

resistance of the loads. The consequences of load resistance become increasingly noticeable as 

distance rises. The results are consistent with the hypothesis that lower voltage transfer, particularly 

over longer distances, would be produced by greater loads. Real-world fluctuations in load 

conditions are not taken into account, and the experiment assumes constant load resistances. at short-

range applications, there may be no appropriate load circumstances, but at longer ranges, there may 

be improved voltage transmission with 10kΩ load conditions.  
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4.5 Class-E Inverter 

The purpose of the experiment is to investigate of the Class-E inverter's performance, 

data analysis revealed a noteworthy enhancement in switching frequency unfortunately the data 

analysis of the Class-E inverter in conjunction with S-CPT did not exhibit a meaningful 

performance improvement. This unexpected result challenges the hypothesis that S-CPT would 

enhance the Class-E inverter's capabilities. 

4.5.1 Gate Driver for Inverter  

The experiment's goal was to evaluate the 6.78 MHz switching frequency. After testing, 

the gate driver runs reliably at 6.78 MHz at both the Mosfet driver and Oscillator as in Figure 4.16 

and Figure 4.17 with a high degree of accuracy, deviating from the target frequency by no more than 

0.1%. Excellent stability is demonstrated by the gate driver under a variety of working situations, 

such as changes in input voltage and temperature. The gate driver's stability is demonstrated by the 

switching frequency staying within an acceptable range. 

 

 
Figure 4.16  Output waveform at Mosfet Driver, EL7104 
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Figure 4.17  Output waveform at Oscillator, LTC1799 

4.5.2 Inverter  

The purpose of the experiment was to assess the output waveform for 4 different outputs, 

output voltage between C2 and L2 (Point A), Output voltage between L2 and L3 (Point B),  Output 

Voltage on Gate to source Mosfet (Point 1),  and Output Voltage on Drain to source Mosfet (Point 

2) as in Figure 4.18 between simulation and Hardware. 

 
Figure 4.18  Demonstration of Output Source 
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Table 4.7 Results for Inverter at Output 

Voltage Output Waveform 

 

 

 

Output voltage 

between C2 and L2 

for Hardware 

 

 

 

 

Output voltage between 

L2 and L3 for Hardware 

 

 

 

 

Output voltage between 
C2 and L2 (Green 
Wavefrom), Output 
voltage between L2 and 
L3 (Blue Waveform) for 
Simulation 
 

 

 

Figure 4.19 Output at Point A (Hardware) 

 

Figure 4.20 Output at Point B (Hardware) 

 

 

Figure 4.21 Output at Point A (Green Waveform) and 
Output at Point B (Blue Waveform) (Simulation) 
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Table 4.8 Results for Inverter at Mosfet  

Voltage Output Waveform 

 

 

 

Output Voltage on Gate 

to source Mosfet for 

Hardware 

 

 

 

 

Output Voltage on 

Drain to source Mosfet 

for Hardware 

 

 

 

 

Output Voltage on Gate 
to source Mosfet (Green 
Wavefrom), Output 
Voltage on Drain to 
source Mosfet (Blue 
Waveform) on 
Simulation 
 

 

 

Figure 4.22  Output at Point 1 (Hardware) 

 

Figure 4.23  Output at Point 2 (Hardware) 

 

 

Figure 4.24 Output at Point 1 (Green Waveform) and 
Output at Point 2 (Blue Waveform) (Simulation) 
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4.5.3 Simulation for a complete circuit of S-CPT and Inverter 

In this comprehensive experimental study on Shielded Capacitive Power Transfer 

(S-CPT), our primary objective was to systematically characterize the system's performance. 

The simulation aimed to assess the output voltage and power from the combined circuit of 

S-CPT and the Inverter in Figure 4.25. Remarkably, our findings revealed an output power 

of 8.2 watts and a voltage of 45 volts based on Figure 4.26 and Figure 4.27, providing 

valuable insights into the capabilities and efficiency of the integrated S-CPT and Inverter 

system. 

 

Figure 4.25 Circuit simulation on S-CPT and Inverter 

 

 

Figure 4.26  Output waveform in power from LTSpice 
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Figure 4.27  Output waveform in voltage from LTSpice 

4.6 Summary 

In a nutshell, this chapter depicts the results of circuit simulations that achieve 

the desired result. It was tested to see how well a shielded coupler for capacitive wireless 

power transfer would work at a frequency amplitude close to 6.78 MHz. For the best 

performance, careful design considerations like materials and dimensions were crucial. 

The coupler showed potential uses in capacitive coupling-based wireless power transfer 

systems. 
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CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion 

This chapter will conclude the overall function achievement results obtained for this 

project, as well as the recommendations for this project. The issues that will be encountered 

when completing this project are the most crucial aspects of this chapter. We may select how 

to improve and overcome challenges based on the problems we experience. This chapter also 

discusses ways to make this project better in the future.  

The design and implementation of the Class-E Inverter employ a dual-pronged 

approach that takes into account both software and hardware factors in addition to the circuit 

modeling. An important contribution to the creation of a capacitive wireless power transfer 

coupler for charging system models was made by the well-known circuit modeling program 

LT Spice. A more thorough depiction of the behavior of the circuit was made possible by 

the addition of mathematical equations to the modeling process. 

Using a variety of hardware instruments, such as NanoVNA and NanoVNA Saver, 

exact data measurements were taken to verify and improve the suggested designs. Before 

each component was integrated into the overall subsystem, it needed to meet the prescribed 

criteria. This was accomplished through a thorough data collection process. The combination 

of hardware-based measurements and software-driven simulations offered a comprehensive 

testing process that ensured the Class-E Inverter's operation and dependability. 

Once the data supplied from the hardware measurements and simulation software was 

combined, the designs were carefully verified and modified as needed. This iterative method 

demonstrated that the project was successful in accomplishing its predetermined goals in 
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addition to aiding in the improvement of the Class-E Inverter. After all of this work, a highly 

efficient capacitive wireless power transfer system for charging applications was realized, 

proving how well hardware and software could work together during the development and 

validation phases. 

5.2 Potential for Commercialization 

The project involving the shielded coupler for capacitive wireless power transfer has 

a great deal of potential for commercialization due to the rising need for practical and 

effective power delivery in a variety of industries[52]. The market for wireless power 

transfer is expanding quickly as businesses look for ways to do without physical cables and 

connectors. 

New markets and applications are emerging due to the wireless power transfer 

technology's constant evolution. This offers a chance for the project to stay at the cutting 

edge of innovation while examining underserved niche markets and extending its 

commercial footprint. The project can take advantage of these developing markets and 

establish itself as a major player in the wireless power transfer sector by staying ahead of the 

curve and adjusting to the changing industry[53]. 

Another way to achieve commercial success is through alliances with well-established 

businesses in related industries. The integration of the shielded coupler into their goods or 

systems can be made easier by working together with electronics producers, automakers, or 

IoT solution providers. This strategic partnership approach enables the project to make use 

of existing customer and distribution networks, accelerating market penetration and 

increasing commercial viability. 

In conclusion, the shielded coupler for the capacitive wireless power transfer project 

is ready for successful commercialization. The project has the potential to transform power 
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delivery and spur economic growth across a range of industries with careful execution and 

ongoing innovation. 

5.3 Future Works 

For future improvements, the accuracy of the TL estimation results could be 

enhanced as follows: 

 Specify the shielded coupler's performance objectives and requirements in detail. This 

includes elements like operating frequency range, coupling coefficient, maximum 

power transfer capability, and power transfer efficiency. 

 Examine various shielding strategies to reduce electromagnetic interference (EMI) and 

boost the effectiveness of power transfer. 

 Learn about the benefits, drawbacks, and potential advancements of the coupler 

designs and technologies currently in use. 

 Create shielded coupler physical prototypes based on the improved design. Conduct 

thorough testing to validate the simulation results and evaluate the performance in 

comparison to the stated goals. 

 The implementation of a functional inverter within the context of S-CPT will be 

explored, aiming to optimize energy transfer efficiency and system performance. 
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