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Abstract: This paper presents a modelling of a high-frequency full bridge inverter for wireless 
power transmission (WPT) in Electric Vehicle (EV) charging applications. The inverter is designated 
at an operating frequency as high as 13.56 MHz in line with regulations for the industrial, scientific, 
and medical radio band (ISM band). Since the power is transferred wirelessly from the source to the 
EV, a coupling capacitive was used as a transmitter and receiver of the system. In this paper, the 
inverter model was simulated and analysed using LTSpice software. Different load changes and 
power are injected into the system. Furthermore, in order to obtain a robust system, the switching 
frequency of 13.56 MHz is used with some Dead Time (DT). The system already uses GaN 
MOSFETs for reliability and performance at high frequencies, in addition to LC impedance matching. 
The result is that by operating at a resonant frequency of 13.56 MHz with a resistive load of 50, it is 
obtained with a power of 2.3 kW that has been successfully transmitted with an efficiency of 89%. 
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1.  Introduction  
At this time, a lot of research is being done on wireless 

power transfer (WPT) because it can transfer energy 
without physical contact. Because it is considered more 
profitable from a security point of view, it is then used for 
various fields of application1–5) including for charging 
cellphone batteries, biomedical implants, and charging 
electric vehicles (EV) capable of charging systems up to 
kilowatts. Research related to the charge and discharge 
battery phenomena6,7), considering some heat 
management of battery pack8), energy management for EV 
system9), and microwave propagation10) has been 
conducted.  

Based on this application, resonance capable of 
working at megahertz (MHz) can be used for lower power 
and smaller system sizes5). For operating systems with 
high frequencies ranging from 6.78 MHz and 13.56 MHz, 
this will be used more for WPT systems which are more 
precise and lighter as they are able to transfer energy over 
longer distances. If using a kHz frequency system there 

will be losses such as the number of components that 
result in a larger system design. But when making a WPT 
system with MHz resonance there will be losses in the 
form of component parasitic elements and considering 
each component.  

The high-frequency inverter is suitable for powering 
multi-MHz WPT systems. Class-E and Class-D amplifier 
topologies that work at MHz frequencies have been 
discussed in the literature11–15). In Class-D amplifier 
design, the input voltage is square which does not consider 
the off time, further very important to high frequencies 
applications. 

This paper will describe the design of a high-frequency 
inverter that will be applied to an EV charging system 
using LTSpice software. Various variations were carried 
out to identify the output power efficiency produced by 
the inverter, ranging from variations in input voltage to 
loads ranging from 10-100. A designated full bridge 
inverter using GaN MOSFET, with 13.56 MHz high-
frequency operation and some additional Dead Time 
applied, resulted in over 2.3 kW power with 89% of power 
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efficiency. 

 
2.  Wireless power transfer (WPT) 

Several WPT technologies use electric, magnetic, and 
electromagnetic fields as a way of transmitting electrical 
energy without using cables. WPT is useful for powering 
electrical devices where the cable used is inconvenient, 
dangerous, or impossible. The techniques fall into two 
categories: non-radiative and radiative. In near-field or 
non-radiative engineering, power is transferred by a 
magnetic field using inductive coupling between coils of 
wire, or an electric field using capacitive coupling 
between metal electrodes. Table 1 shows the comparison 
of the three-coupling type of WPT. 

 
Table 1. Comparison of wireless power transfer coupling16).  

coupling type 

 Inductive  Magnetic 
Resonant 

Capacitive 

Frequency Low High High 

Distance Short Medium Medium 

Method Coil Resonator  Capacitor 

Field Magnetic Resonance Electric 

Efficiency High High High 

 
In general, the WPT system is divided into three parts, 

namely the DC-AC inverter (source), the coupling, and 
the AC-DC rectifier (load)17). In the WPT magnetic field 
coupling system, two coils are used in the coupling section, 
which is often represented as a transformer with a low 
coupling coefficient in electric circuit models. In the 
transmitter, it is necessary to generate an AC flowing 
through the primary coil, which is achieved by a DC-AC 
inverter. At the receiving end, the received AC needs to be 
converted into DC voltage, which is done by an AC-DC 
rectifier. It is important to reduce power losses in each 
section to achieve high power delivery efficiency in a 
WPT system. 

Inductive Power Transfer (IPT) has been widely 

implemented for electric vehicle (EVs) charging and small 
electronic device battery charging, on the other hand, IPT 
has weaknesses because it utilizes electromagnetic 
induction such as EMI, cannot penetrate metal media, and 
eddy currents18). 

The concept of capacitive power transfer (CPT) is the 
same as IPT, but the difference is that the intermediary 
medium for power delivery uses a capacitive plate by 
generating an electric field that arises from the plate. Since 
wireless power transmission works by resonant frequency, 
the International Telecommunications Union defines 
ISM19). 

CPT has rules for its frequency set by the ISM bands 
which are 6.78 MHz, 13.56 MHz, and so on 20). 
Furthermore, CPT technology was developed as an 
alternative to IPT technology due to the following factors, 
namely low eddy current losses, low EMI, fewer 
components required, and the ability to transfer electric 
current. through metal objects. CPT technology is used 
not only in WPT for battery charging but also in data and 
signals transmission21–24). 

As can be seen from Fig. 1, this system has 2 cores 
consisting of a sending side and a receiving side. For the 
sending side, the harmonics will be matched first by the 
LC filter, then it will go through the rectifier to convert 
power from AC to DC, and finally it will be converted 
back to DC-AC by an inverter but with a high frequency. 

When the two opposite sides of the plate are definite 
and active, they will be able to produce an alternating 
electric field so that the transmission of power from the 
sending side to the receiving side can be carried out25). For 
the receiving side, you must use a rectifier again because 
the power obtained is still in the form of AC so that it 
becomes DC so that the electric power can be received by 
the load. 

 
3.  RF power characteristic 
3.1 High-frequency switching device  

Inverter is a power electronics circuit that functions to 
convert DC voltage to AC. Today, inverters have many 

 
Fig. 1: Structure of capacitive power transfer16) 
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topologies but the ones used for CPT are capable of pure 
sinusoidal output. In addition, inverters can be categorized 
based on their phases, which start from one phase to three 
phases, while this research aims to obtain a fairly high 
resonant frequency, namely 13.56 MHz. 

 

 
Fig. 2: Full bridge inverter circuit model16) 

 
Fig. 2 illustrates the circuit model of the full bridge 

inverter. The switch used for the inverter must have a fast 
response to change from the OFF state to the ON or vice 
versa. Therefore, a MOSFET (Metal Oxide 
Semiconductor Field Effect Transistor) type switching 
device is used. An inverter is said to be ideal if the output 
voltage waveform is purely sinusoidal. Power 
semiconductors with a wide bandgap (WBG) are being 
used in an increasing number of applications. Because 
Gallium Nitride (GaN) devices are lateral and Silicon 
Carbide (SiC) devices are vertical, commercially 
available GaN devices have lower voltage ratings than 
SiC devices. However, because of their size and structure, 
GaN devices have lower device capacitance (Coss, Ciss), 
making them easier to drive at higher frequencies. These 
features divide the WBG market into two parts: SiC is 
utilized in higher voltage and lower frequency 
applications, whereas GaN is employed in lower voltage 
and higher frequency applications26). 

 
3.2  Impedance matching 

Impedance matching can be defined as designing or 
matching the value of the power source's input impedance 
with the electrical load's output impedance so that the 
power transfer to the load can be maximized. Impedance 
matching can be interpreted to match a 50 Ω impedance 
load with an LC filter so that the maximum power transfer 
is at a frequency of 13.56 MHz. 

When the inverter output with a frequency of 
13.56 MHz is in the form of a square signal, it is necessary 
to have an LC filter to filter and convert the box signal to 
sinusoidal so that it can be used and does not damage the 
load device. The LC filter is used to pass or only work at 
a frequency of 13.56 MHz by adjusting the load 
impedance of 50 Ω so that the power distribution can be 
maximized. 

According to the maximum power transfer theorem, 
when the load resistance is equal to the source resistance 
and the load reactance is equal to the negative of the 
source reactance, the maximum power is transferred from 

the source and load. This means that maximum power can 
be transferred if the load impedance is equal to the 
complex conjugate of the source impedance. 

In the case of DC circuits, frequency is not considered. 
Therefore, the condition is met if the load resistance is 
equal to the source resistance. In the case of an AC circuit, 
the reactance is frequency-dependent. Therefore, if the 
impedance is suitable for one frequency it may not match 
if the frequency is changed. Calculation of the LC filter 
design with a load of 50 Ω and a working frequency of 
13.56 MHz is as follows, inductor value calculation: 

 

𝐿𝐿 = √2×𝑅𝑅𝑙𝑙
𝜔𝜔

  (1) 

𝑅𝑅𝑙𝑙 = (𝑅𝑅)
2

  (2) 

the calculation for the capacitor value C can be obtained 
by: 

 

𝐶𝐶 = 1
�𝜔𝜔×𝑅𝑅𝑙𝑙×√2�

  (3) 

where ω =2πf. 
 
 

3.3  Dead time 
Dead time is a PWM technique that is carried out on a 

full bridge inverter circuit to give a gap time to the GaN 
MOSFET so that it doesn't happen simultaneously which 
can cause a short circuit and damage the GaN MOSFET. 
The lag time is given when the high side GaN MOSFET 
has a high value and then wants to go low there while the 
low side GaN MOSFET wants to be high there is a time 
difference so that it does not turn ON and OFF at the same 
time. 

Look for the dead time value of the 10% PWM 
difference for Ton and Toff conditions with the GaN 
MOSFET reference being at the high side. The value of 
Ton_high can be calculated as: 

𝑇𝑇𝑜𝑜𝑜𝑜_ℎ𝑖𝑖𝑖𝑖ℎ = 𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
2

  (4) 

𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 1
𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

  (5) 

where the value of Ton_low can be obtained as: 
 

𝑇𝑇𝑜𝑜𝑜𝑜_𝑙𝑙𝑙𝑙𝑙𝑙  = 60% × 𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,  (6) 

While delay time between the high side and low side 
period can be defined as: 

 

𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = �10%×𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

2
  (7) 

Then the low side time delay can be obtained as: 
 
𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_ℎ𝑖𝑖𝑖𝑖ℎ − 𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.  (8) 
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Fig. 3: Full bridge inverter circuit simulation model 

 
4.  Simulation and design results 

Prior to the direct testing of components, simulations 
were carried out using LTSpice software. Simulations are 
carried out to determine the output of the full bridge 
inverter signal with a frequency of 13.56 MHz as well as 
to calculate the dead time so that there is no short circuit 
when the GaN MOSFET enters the transition from OFF to 
ON condition and vice versa. The circuit model of the full 
bridge inverter for the simulation process is shown in Fig. 
3. It can be seen a gate driver MOSFET appears for each 
switching device that is constructed with TP90H050 GaN 
MOSFET. By using the equation (1) to (3), the value of 
LC filter components then can be acquired.  

The concept used for the GaN MOSFET driver in this 
simulation uses the totem pole MOSFET driver. The 
driver consists of two MOSFETs that function as a switch 
for OFF and ON conditioning, therefore, controlling 
switching with high frequency to achieve high speed and 
accuracy. For other totem pole drivers, it can also use 2 bi-
junction transistors (BJTs). However, driving high-
frequency GaN MOSFET requires high accuracy and 
speed. This is a weakness of 2 BJTs, therefore it is 
replaced by 2 MOSFET. 

The working operation of the totem pole driver is 
described as: 
• When PWM is low or “0” it will be read by the high 

MOSFET so that the VDD voltage enters the pmod and 
current will flow through to open the gate driver which 
makes VGs > Vth, therefore the GaN MOSFET is ON.  

 

 
Fig. 4: Designated LC filter 

 
 

• When the PWM value is high or “1” it will be read by 
the low MOSFET so that the voltage and current will 
be drawn into the nmod MOSFET and then discharged 
through the ground therefore no voltage will enter the 
MOSFET gate so the GaN MOSFET is in the OFF 
condition. 

Fig. 4 shows the designated LC filter as well as results 
by the formula. The inductor value is 0.415 µH and the 
capacitor value is 0.332 nF which is used as an LC filter 
to limit the working frequency to 13.56 MHz. 
Furthermore, the calculation results are entered into the 
LTSpice simulation to find out and see the output signal 
from the full bridge inverter. 

In order to find the value for Ton_high, by using Equations 
(4) and (5), here is the frequency value for the input PWM 
signal in the gate driver to control the GaN MOSFET can 
be obtained as: 

 

𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
1

13.56 𝑀𝑀𝑀𝑀𝑀𝑀
= 0.1475 𝜇𝜇𝜇𝜇 

𝑇𝑇𝑜𝑜𝑜𝑜_ℎ𝑖𝑖𝑖𝑖ℎ =
0.1475 𝜇𝜇𝜇𝜇

2
= 0.07374𝜇𝜇𝜇𝜇 

 
then it is entered into the MOSFET driver parameter as a 
timer for the GaN MOSFET in OFF and ON conditions. 
For the ON time value is equal to the delay time because 
it is a reference for setting the low-side driver. 

The time ON value for the low side driver can be 
obtained by using Equation (6) followed by Equation (7) 
for the delay time with the high side time value as a 
reference. The value acquired as: 

 
𝑇𝑇𝑜𝑜𝑜𝑜_𝑙𝑙𝑙𝑙𝑙𝑙 = 60% × 0.1475 𝜇𝜇𝜇𝜇 = 0.0885 𝜇𝜇𝜇𝜇 

𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
(10% × 0.1475 𝜇𝜇𝜇𝜇)

2
= 0.007375 𝜇𝜇𝜇𝜇 

 
To find the delay time of the low side driver, it is 

obtained by reducing the value of the high side delay time 
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Table 2. Driver setting parameters. 

Parameter Setting Value 

High side Low side Unit 

Vinitial 12 0 V 

Von 0 12 V 

Tdelay 0.07374 0.066365 µs 

Trise 2 ns 

Tfall 1 ns 

Ton 0.07374 0.0885 µs 

Tperiod 0.14749 µs 

 
and the delay time with 10% PWM. By using equation (8), 
the delay time value of the low side driver can be obtained 
as: 

𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑙𝑙𝑙𝑙𝑙𝑙 = 0.07374 𝜇𝜇𝜇𝜇 − 0.007375 𝜇𝜇𝜇𝜇
= 0.066365 𝜇𝜇𝜇𝜇 

 
Table 2 shows the setting value for the high-side and low-
side GaN MOSFET drivers parameters based on the 
calculation. Thus, the switching diagram of gate driver 
MOSFET shown on Fig. 5. It can be seen in Fig.5.(a), the 
switching condition of totem pole MOSFET gate driver. 
The switching state VM5 is vice versa with VM6 as same 
as VM7 and VM8 diagram state.

 
Fig. 5: Switching diagram of gate driver MOSFET 

 
The output voltage signal from the inverter can be 

measured at D1 and D2 points. It can be seen from Fig. 6, 
that the voltage signal at D1 (marked with a blue line) has 
an amplitude of 600 V as well as the voltage signal at D2 
(marked with a red line), but with the opposite operation 
when it’s ON and OFF. The signal confirmations the 
operation of both high side MOSFET and low side 
MOSFET in the full bridge inverter that is in 
complimentary generated. 

  

 
Fig. 6: MOSFET output voltage waveform D1 and D2 

 
Fig. 7: MOSFET output voltage waveform D1-D2 
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Fig. 8: Output load waveform of LC filter 

 

 
Fig. 9: Power and efficiency over load variation 

 
Since a double voltage amplitude is achieved by the full 

bridge inverter, hence the peak-to-peak amplitude of the 
output signal from GaN MOSFET is illustrated in Fig. 7. 
It can be seen that the outputs of GaN MOSFETs 1 and 2 
with GaN MOSFETs 3 and 4 are complementary or 
opposite, this shows that the calculation of dead time and 
GaN MOSFET conditions when ON and OFF is correct. 

Pure sine wave signal is the goal to achieve in the full 
bridge inverter. By using the LC filter after the GaN 
MOSFET D1 and D2 pin, the output signal at the load side 
can be seen in Fig. 8. Because it has reached the 
complement between the outputs of the GaN MOSFET 
D1 and D2 then if the output is reduced to 1, the square 
signal when ON and OFF has shown values of 600 V and 
-600 V. 

Based on the previous results, the full bridge inverter 
consisting of the designated value of all components then 
measured its efficiency. The measurement of power 
efficiency is done by calculating the consumed input 
power over the resulting output power under load 
variation from 10 to 100 Ω. Fig. 9 describes the measured 
input power; Pin, output power; Pout, and obtained power 
efficiency; Eff, over several load variations. It can be seen 
that the designated full bridge inverter can deliver 2 kW 
to 3.2 kW of power to the load and consumed power from 
2.2 kW to 3.6 kW under load variation. For the 50 Ω load, 

it can have 89% power efficiency while transmitting 2.3 
kW power to the load. 

 
5.  Conclusions 

This paper has described the design a full bridge 
inverter based on GaN MOSFET for the capacitively WPT 
EV charging system by utilizing linear simulation 
software, here LTSpice. By performing calculations for 
the delay time, dead time, and also impedance matching 
components followed by the LC filter components, the 
simulation has analyzed and measured the consumed 
power, delivered power, and power efficiency. With an 
operating frequency of 13.56 MHz which is in line with 
the regulation from the ISM band, the inverter can deliver 
power from 2 kW to 3.2 kW with efficiency obtained from 
89% to 91% under several load variations. With these 
results, it can be concluded that the full bridge inverter can 
produce a stable and efficient system in order to be 
implemented in the EV charging system. Future works 
related to the high-frequency inverter fabrication, 
impedance matching development, and integration of 
wireless charging experimental will proceed following the 
installation of the receiver part placed under the EV 
chassis. 
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