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Abstract:  

 With an ongoing trend in standardization of 

mobile charger, the upcoming challenge is to make the 

mobile charger truly wireless and efficient as the wired 

charger. Wireless Power Transfer (WPT) is a system used 

to transfer power between two or more devices which are 

physically unconnected. This helps in increasing the 

degree of flexibility device movement. WPT comprises two 

main types which are Inductive Power Transfer (IPT), 

Capacitive Power Transfer (CPT). The most popular 

technique in the WPT technology is IPT which is used in 

most of the applications nowadays.  

 However, the major drawback of IPT is that, the 

flux cannot pass through magnetisable materials.  CPT 

have the ability of metal penetration and the potential to 

reduce Electro-Magnetic Interference (EMI) that will 

overcome the problems in IPT.As IPT system is loosely 

coupled, high frequency magnetic cores are often used, to 

enhance the coupling between the primary and secondary 

coils, which results in bulky and costly system. 

 Instead of using IPT, an alternative way to 

achieve wireless power transfer is to use Capacitive 

Power Transfer (CPT). Capacitive Power Transfer system 

(CPT) is an emerging field and the most studied area in 

wireless power transfer. CPT system uses two metal plates 

separated by air as dielectric to transfer power. Compared 

to IPT, Electro-Magnetic Interference can be minimized by 

using CPT. Here, a Capacitively Coupled Power Transfer 

(CCPT) system has been investigated for transferring 

power across two pairs of separate capacitors. 

Keywords: Wireless Power Transfer (WPT), Capacitively 

Coupled Power Transfer (CCPT), 

 

I.INTRODUCTION 

 Wireless mechanism has been used by many 

types of communication systems such as mobile phones, 

walkie-talkies, and cordless phones for the convenience of 

flexible movement. These types of devices are usually 

charged up by the traditional wired power supplies. 

Recently, there has been increasing interest to explore 

wireless power transfer mechanism as an alternative power 

scheme. With the use of wireless power transfer method, 

an electronic device can be charged up while in motion.  In 

the early 20th century, Nikola Tesla had made efforts to 

transfer power via wireless mechanism. 

 

 

 

 

 

 

 

 

In the coming years, even though no extensive attempts 

were made for the development of this technology, it re-

emerged in the 1960s. Wireless Power Transfer (WPT) is a 

system used to transfer power between two or more 

devices which are physically unconnected. This innovative 

technology has created new possibilities to supply 

electronic devices with electrical energy by eliminating 

wires and connectors. In many applications wireless power 

transfer is suitable due to the following advantages:  

1. In electrical hazardous environment, electrical 

connections may cause risky sparking and 

electrical shocks. These problems can be avoided 

by using wireless mechanism as there will be no 

physical contact between the power supply and 

device. 

2. Wireless mechanism allows more flexible and 

free movement of robots in production line. 

3. Avoidance of loose cables and the associated 

connectors during charging process and the 

replacement of batteries. Such incidences may 

disrupt the operation of a movable or portable 

device charged-up through conventional electrical 

connections.  

4. Medical implants (e.g. pacemakers) can be 

charged up with the help of WPT, without 

involving risky medical operation for the 

replacement of the batteries. 

 Inductive Power Transfer (IPT) technique has 

achieved success theoretically and also able to deliver 

power in certain industrial applications, there are still some 

unsolved intrinsic problems due to limitations in the basic 

operating principles of IPT. To start with, IPT uses 

magnetic coupling to transfer power wirelessly which 

forces to use high frequency coils in various IPT systems, 

which are usually driven by a large current for the 

generation of magnetic field. This will cause significant 

power losses due to the Equivalent Series Resistances 

(ESRs) of the coils, this generate high amount of heat. 

Secondly, the EMI is another important issue of concern. It 

may have adverse effect on nearby electrical and electronic 

devices and may pose serious threats to human health. 

Besides, because IPT system is loosely coupled, to 

enhance the coupling between the primary and secondary 

coils, high frequency magnetic cores are often used, which 

makes the system bulky and costly.  Instead of using 

magnetic field coupling, an alternative way of 

wireless/contactless power transfer is to use electric field 

coupling to achieve Capacitive Power Transfer (CPT). 

Recently, a CCPT (Capacitively Coupled Power Transfer) 

system has been investigated for transferring power across 

two pairs of separate capacitors. 
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Fig 1: Wireless Power Transfer System 

 The proposed system is based on Capacitive 

Coupling to transfer power wirelessly. At the transmitter 

side the input DC voltage is converted into high frequency 

AC voltage and applied to the transmitter plate (copper 

plate). The electrical energy from transmitter to receiver is 

transferred with the help of electric field between the 

plates. The high frequency AC voltage received at the 

receiver side is then rectified to get DC voltage which is 

then can be used to charge a battery or power up any 

device. The amount of power transferred depends on the 

frequency and capacitance between the plates. This system 

can be used to charge electric vehicles, low power 

electronic devices and other portable devices. WPT 

technology helps in powering those areas where people are 

unable to get a suitable power source. It can be installed in 

parking lots in public places and houses to charge electric 

vehicles which are also called as Static Charging. The risk 

of tripping hazards caused by lengthy wires can be 

eliminated. This technology is more preferred as it has the 

capability to transfer energy through metal barriers which 

is a major advantage compared to Inductive WPT. 

II.LITERATURE RIVIEW 

 Capacitive Power Transfer (CPT) is a new 

technology in wireless power transfer system. It uses 

electrical field to transfer electrical energy between two 

devices or circuits. The CPT method is ideal to choose 

because of its potential to transfer power through metal 

barriers and the ability to decrease EMI. A class E 

converter is used for MOSFET switching. A class E 

converter is based on the fact that active device operates as 

a switch regardless of whether a voltage controlled or 

current controlled device is selected. A class E converter is 

capable of producing Zero Voltage Switching (ZVS) 

which is the main advantage of using class E converter [1]. 

 A wireless power transfer system which uses 

electric field coupling to transfer power is used which has 

less voltage across electric field coupling interface and 

also decreases the quality factor of the circuit by using a 

DC-DC converter. This results in high efficiency and 

constant power delivery with the help safer and less 

sensitive system. The reduction in the duty cycle of DC-

DC buck converter when the output power is kept 

constant, the voltage across the plates reduces significantly 

and the variation in parameters does not affect the circuit 

largely. The proposed system has a wide range of 

applications with different power requirements and 

transmission distances such as charging portable devices 

such as mobiles, laptops, tabs, cameras, drones, etc.,[2]. 

 A new CCWPT system is proposed to obtain 

large coupling capacitance, sufficient output power and 

high efficiency. The proposed CCWPT system uses glass 

dielectric layer in the coupling capacitor and is driven by 

6.78MHz high frequency operation. Furthermore, 

switching loss in the power conversion circuit can be 

reduced with the LLC resonant operation so turn-on loss of 

the power MOSFET in a transmitter and a turn-off loss of 

the rectifier in a receiver can be reduced. The operation 

and features of the proposed system is verified with 4.2W 

prototype to charge a mobile device. The system is 

composed of a half bridge inverter and LLCC resonant 

tank with glass dielectric layer. The coupling capacitance 

is large with the glass dielectric layer and the impedance of 

the coupling capacitor is also reduced by the high 

frequency operation. Furthermore, the switching loss of 

the power circuit is decreased by the LLC operation with 

inductor. The proposed CCWPT system has less power 

consumption, larger output power, and simple structure. 

Therefore, the proposed CCWPT system is expected to 

apply to the WPT for the mobile device WPT chargers and 

the contactless power transfer of other electric devices [3]. 

 

 A capacitively coupled power transfer system is 

driven by voltage with high frequency. Hence, the 

generation of input voltage with high frequency is very 

much required for the performance of the whole system. 

Due its simplicity, a current fed push-pull inverter is 

suitable for the system through which ZVS can be 

obtained without any extra control circuits. Since this 

topology is sensitive to variation in circuit parameters, 

similar types of inverters which can be used as primary 

AC source need to be further studied. The effect of 

parasitic capacitance on the performance of the system 

must be considered as the parasitic phenomenon becomes 

apparent when operating at high frequencies [4]. 

 

 The proposed methodology includes primary and 

secondary side composite matching networks that provide 

both reactive compensation and gain. Each composite 

matching network comprises a compensating inductor, a 

shunt capacitor and a transformer. The transformer in the 

primary side matching network provides voltage gain and 

hence allows low voltage devices to be used in the 

inverter. The compensating inductor performs two 

functions: it serves as the tuning inductor for the coupling 

capacitors, and forms an L-section matching network with 

the shunt capacitor providing additional voltage gain. The 

shunt capacitor can simply be the parasitic winding 

capacitance of the transformer. Since the inductor is placed 

on the primary side of the transformer, a much smaller 

inductance value is required to compensate for the 

capacitive reactance. The proposed capacitive WPT 

system is designed for fixed frequency operation, and 

output power is regulated using burst mode (on/off) 

control. With a coupling capacitance of only 5.76 pF, the 

achieved power transfer per unit capacitance of 5.52 W/pF 

is 20 times higher than previously reported in literature, 

and its power transfer density of 6.36 kW/m2 is twice the 

best reported value [5]. 
 CPT uses coupling between primary and 

secondary metal plates together to form a coupling 

capacitor. Due to the use of thin conducting foil in place of 

copper coils and ferrous materials, CPT poses the benefits 

of lower materials cost and implementation cost compared 

to other IPT systems including both resonant and non-

resonant systems for small air gap applications. Due to 

constraints on the voltage developed between the plates, 

CPT is only viable for small air gap applications It also has 
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an added advantage of better field containment. These 

characteristics make CPT attractive for EV charging 

stations, but appreciable capacitive coupling to transfer 

kilowatts of charging power has, until recently, remained a 

significant technical hurdle. Higher power CPT 

applications including electric vehicle (EV) charging have 

been proposed but system power level is still limited by 

the large air gaps and small coupling capacitance. Gap 

reduction/maintenance methods are presented in, but only 

apply for rotary capacitive coupling. The lack of stationary 

high-capacitance coupler design still limits CPT power 

level and range of applications. In this paper, a kW scale 

CPT charging system for EV’s is presented, which 

includes both capacitive coupler and power electronics 

design supported with experimental results [6]. 

 

 

III.CAPACITIVELY COUPLED WPT 

 

  

 

 
 
Fig 2: Block Diagram of WPT system 

 

The basic block diagram of wireless power transfer using 

capacitive coupling is shown in Fig.2.There are four 

important elements that must be considered in this WPT 

system which are inverter circuit at primary side, capacitor 

compensation circuit for both sides, coupling capacitors 

and rectifier circuit at secondary side . At first we use DC 

power to operate the system. Next, the inverter circuit is 

one of the most essential elements in WPT system to 

convert the direct current (DC) to alternate current (AC) at 

high frequency. A clock signal generator is used to 

generate the required frequency to drive the inverter 

circuit. Compensation circuit is designed to tune out the 

capacitive reactance to increase the power transfer 

capability. Rectifier circuit is another major part in WPT 

system that needs to convert back AC to DC for the load 

(commonly battery). Copper plates are used at both 

transmitter and receiver side which acts like coupling 

capacitor. 

A. Working of proposed system 

 As shown in Fig 3, the input of 5V DC is given to 

the transmitting side. A switching circuit or a dedicated IC 

is used to generate the switching frequency in order to 

drive the MOSFETs. There are two types of switching 

which is Hard switching and Soft switching. Hard 

switching is a method which uses own ability of the device 

which involves switching loss and noise. Soft switching 

uses an LC resonant tank circuit to turn on and off a device 

at zero current or zero voltage level. Soft switching is 

more preferred than hard switching as it has low switching 

losses and high efficiency. Many types of switching 

circuits or dedicated ICs are available which can be used 

according to the needs. In the proposed system, a signal of 

frequency 1 MHz is used in switching of MOSFETs. The 

generated switching frequency of 1 MHz is fed to two 

alternate MOSFETs and the other two MOSFETs are fed 

with the inverted form of that signal. This is done to obtain 

the high frequency AC voltage of desired duty cycle. If the  

 

Fig 3: Circuit Diagram of WPT system 

output signal obtained has a duty cycle of 50%, then all the 

MOSFETs turn ON at the same time, which results in 

short circuit and the MOSFETs get damaged and the 

system might also get destroyed. Hence, care to be taken 

so that the signal is generated in such a way that the duty 

cycle must not be equal to 50% and all the MOSFETs does 

not turn ON simultaneously. The MOSFET configuration 

is called as Full-Bridge Inverter. The output of the inverter 

excites the compensation circuit. The high frequency AC 

voltage generated is fed to compensation circuit consisting 

of inductor and capacitor in series. The LC-Compensation 

circuit is used at the transmitter side to resonate with the 

coupler to generate high voltages and corresponding 

electric fields. This system is also called as a double-sided 

LC-compensation circuit as it is used at both transmitter 

and receiver side. In this system, the compensation circuit 

consists of capacitor C1 and inductor L1 in the transmitter 

side and capacitor C2 and inductor L2 at the receiver side. 

To increase the equivalent self-capacitance, the capacitors 

C1 and C2 are connected in parallel with the coupler. 

Inductors L1 and L2 resonates with the capacitor to 

produce high voltages which is applied to the copper plate 

at the transmitter side. This induces an electric field 

between the copper plates to transfer the power. The 

compensation circuit at the receiving end receives the high 

frequency transmitted signal which cuts-off high order 

harmonics. The signal is then applied to a full bridge 

rectifier. This rectifier is used to convert the high 

frequency AC voltage to DC voltage as required for the 

application. The rectified voltage is then used for the 

required application that is for mobile charging as in this 

case. 

B. Design of Capacitive Coupling 

 The coupling interface is the main part of this 

system. Fig 4 shows the basic construction of coupling 

interface. For small air gap applications, the dielectric 

between plates can be insulator or air. 
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Fig 4: Parallel Plate Structure 

 C = 
∈0∈𝑟𝐴

𝑑
 

From the above equation, we see that this equation holds 

good only when the capacitor is a pure parallel plate 

capacitor and dielectric between the plates has a relative 

permitivity given by ∈𝑟. Only when the above said 

conditions are met, the capacitance of the structure can be 

calculated. As the value of capacitance decreases, the 

voltage across the plates increases. For small air-gap 

applications, it is necessary to keep the value of 

capacitance in nano-farad (nF) range. 

 

Fig 5: Structure and dimension of the plates  

We have used copper plates has coupling capacitance (Cs) 

where P1,P2,P3 and P4 are 4 copper plate. Thickness of 

each plate is 1mm. Length of plates (l1 and l2) is 125mm. 

Distance between the plate is ‘d’ is 30mm.To calculate Cs 

Cs1 = [1+2 .343·(d/l)^0.891]·(ε·l^2/d)  => 7.64pF 

Cs2=Cs1 => 7.6pf  

𝐶𝑠1 =  (𝐶𝑠1 × 𝐶𝑠2)/𝐶𝑠1 + 𝐶𝑠2  

Cs => 3.82pF 

C. Design of compensation circuit  

The CPT system poses a challenge which is the 

small coupling capacitance value. The prime diagnosis for 

this problem is to connect an extra capacitor in parallel 

with the coupling capacitor. The double side LC network 

can help to achieve unity power factor at both the input 

and output. There active power in the circuits, therefore, 

eliminated and so the system efficiency is high and also 

acts as LPF. The system output current and voltage 

expressions are provided as guidelines for the LC 

compensated CPT system design. The values of inductor 

and capacitor are calculated as follows: 

     f = 1/2𝜋√𝐿𝐶 

     150 × 103 = 1/ 2𝜋√𝐿𝐶 

    √𝐿𝐶 = 1.06103 × 10^-6  

    √ (𝐶 + 𝐶𝑐) = 1.06103 × 10^-6  

    Where Cc = Coupling Capacitance   => 3.83 pF  

     Taking, L = 1mH  

     [C + 3.8 × 10-12] = 1.124 × 10^ -9  

      C = 1.12nF 

D. Simulation circuit and Result 

 

Fig 6: Simulation circuit in MultiSim software 

 

Fig 7: Output at receiver in MultiSim software 

Result, we have achievied 1.86v output voltage with 1W 

output power where input volatage is 5v. 

E.  Advantages  

Capacitive power transfer (CPT) is one of the 

alternatives that is invented in the race to find alternative 

technology in WPT. The capacitive power transfer systems 

have unique advantages over the traditional IPT systems. 

Some of them are listed below: 

 Minimum EMI Issues: When inductors are used, 

magnetic field is generated that facilitates the 

transfer of power. The magnetic field has a 

property to form a closed loop from pole to pole 

and therefore affects all the electronics present in 

its vicinity. When it comes to capacitive systems, 

power is transferred with the help of electric field. 

The electric field has a property of starting on the 
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positive plate and ending on the negative plate. 

Therefore, the electric field is contained between 

the plates of the capacitor. As electric field is 

contained between plates and Zero Voltage 

Switching (ZVS) is employed, therefore large 

dv/dt and di/dt are minimized which further 

minimizes the EMI. Hence these devices can be 

used in sensitive instruments which needs 

decoupling from noise. 

 Transfer of Power across Metal Barriers: 

Transfer of power through metal is not possible 

when it comes to IPT systems as the magnetic 

field finds the path of least reluctance. Hence, 

when an IPT system is placed in an open 

environment, the system has extremely low 

efficiency. If a metal plate is placed between the 

primary and secondary coil of the power transfer 

system, eddy currents are induced in the metal 

plates and the magnetic field completes the pole 

to pole connection through the metal plates. 

Therefore, does not allow power to be transferred. 

In the case of CPT systems, the performance of 

the system does not get altered due to the 

presence of metal barriers. If a metal plate is 

introduced between the transmitter and receiver, 

the metal plate introduced behaves as another 

plate of a capacitor forming two series capacitors 

between the transmitter and receiver. The power 

transfer remains unchanged and the metal plate 

influences as a range extender. Based on this 

characteristic, this technology is acceptable for 

applications where metal objects are present 

between the antennae. Therefore, the system can 

be used to charge mobiles, laptops, electric 

vehicles etc. 

 Low Standing Power Losses: The CPT system 

can be exceedingly efficient due to the absence of 

eddy currents. In an inductively coupled system, 

the transmitter and receiver coil are simply a 

loosely coupled transformer. There are always 

eddy current squandering in a transformer. Eddy 

current losses are inherent in transformers. The 

coils used in the system can get heated up due to 

the current in them. A CPT system would be a 

choice to be considered as eddy current losses are 

absent and the system has low standing power 

losses. The CPT system can be used in 

biomedical applications as it has low standing 

power losses. 

 Simplicity in Design: We know that the design of 

magnetic is a complete area by itself. If an IPT 

system has to perform at its best efficiency, the 

design of the magnetic components is considered 

as critical. With introduction in various 

configurations of coils and cores the design gets 

more complicated along the way. In the case of 

CPT system, the design of the system is straight 

forward compared to the IPT system, which 

makes the CPT system exceptional and easily 

integrate with other circuits. 

 The other advantages of the CPT include, 

simultaneous transfer of power and data. The 

containment of the field in between the plates 

permits the operation of more than one telemetric 

link which can be operated at the same carrier 

frequency. This cannot be possible using IPT as 

the magnetic field can interfere when many 

systems are operated at the same frequency. The 

CPT systems also possess large signal linearity, 

excellent CMRR and good SNR. 

 

F. Limitations 

 

 The first limitation of this system is the 

technology itself. Since the technology is still at 

initial stage and is under investigation, there are 

no solid literature works available about the 

working and characteristics of the system.  

 Compared to the IPT system, due to low ∈0 

value, the CPT system design is highly 

challenging. Dielectric materials with very high 

dielectric constants are used to improve the 

capacitance of the plates. This increases the total 

expenditure on the system. 

 The CPT system has an average efficiency 

ranging between 65 – 85 % when compared to 

IPT. Most of the research papers available online 

uses the system which has less than 1mm distance 

between the plates. The CPT system is feasible in 

low power applications. The main reason behind 

this is the generation of extremely high voltages 

across the capacitor plates. 

 The main issue faced by this system is the 

operation of the system at high voltages. Most of 

the systems are used in MHz switching ranges. It 

may be desirable, but parasitics will be more 

dominant with the increase in frequency. The 

generation switching frequency at MHz range is 

also a major problem. Such drivers are available 

in the market or online but are very expensive. If 

the gate drivers are built in custom, the design 

becomes highly difficult.  

 

 

IV. CONCLUSION 

 Capacitively Coupled Wireless Power Transfer is 

a technology which is under research and growing rapidly 

in the field of WPT. It consists of unique features which 

are useful for several applications. In this paper, the basic 

structure and principle of Capacitively Coupled Wireless 

Power Transfer is described. Advantages and Limitations 

of this system are analyzed. An IPT system was designed 

using a HF transformer and compared with CPT. With all 

the technical challenges ahead, this system provides huge 

opportunities to achieve wireless power transmission in 

different areas of applications such as mobile phone 

charging, electric vehicle charging, inter-chip power 

supply etc., 
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