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Abstract— A High Frequency and High Power Density Wireless 

Planar Transformer (HFHPD-WPT) is a very attractive future 

technology which can provide power to an electric vehicle (EV) 

through a contactless charging system. In this paper, EMC 

computer modeling and simulation techniques are employed to 

investigate the magnetic flux distribution and associated EMC 

problems such as stray fluxes and hot spots. The bifilar planar 

spiral coils of the transformer are designed on multilayer PCB. A 

finite element method (FEM) has been used to calculate the 

magnetic field. The effect of the planar magnetic ferrite cores on 

magnetic flux distribution has been investigated by using three 

designs, where the first design has the ferrite core only at the 

primary side, the second draft has a planar core on the primary 

and secondary side, and the third design has a U-Shape magnetic 

core for the primary and secondary side. Both designs are 

operating at a resonant frequency of 60 kHz. A new proposed 

design is introduced to minimize flux leakages and reduce hot 

spots, in order to improve the flux distribution and to increase 

the magnetizing impedance. 

 

Keywords— Bifilar winding, Electromagnetic Compatibility 
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I. INTRODUCTION 

Wireless charging systems have become one of the 

famous and innovative technologies in the last decade for 

various applications including wireless biomedical devices, 

compact electronic products such as smart phones, and also 

concepts for electrical vehicles (EVs) [1-4]. The most 

electronics devices are usually charged by conventional 

battery chargers through wired power adaptors and they do 

not have common charger because of different power ratings 

as well as a missing standard for a common connection plug. 

This results in the increase of the amount of toxic and non-

biodegradable electronic waste [5-9]. To solve these 

difficulties, high frequency High Power Density wireless 

planar transformers (HFHPD-WPTs) can be used in a wireless 

charging system, to provide an universal and environmental 

friendly charging solution. There are many types of winding 

structures such as hexagonal, fractal, circular and rectangular 

designs that used to charge compact electronics products 

without any wired connection [10-12]. With the help of 

inductive coupling, the energy transfer from the primary side 

to secondary side without any contact which helps to solve 

contact failure, become more convenient forming a common 

charging platform for electronic products [5-7]. 

 However, earlier designs are suffering from high losses due 

to large air gaps and because the coupling coefficient K is 

smaller in value than unity, so that the leakage inductance 

value is almost the same as the magnetizing impedance. 

Additionally, EMC problems in non-efficient designs are 

created because of high flux leakages. These problems cause 

lower power transfer and produce possible high powered stray 

flux which can have significant impact on human health [13]. 

 

A basic arrangement of a wireless charging system for 

Electric Vehicle (EV) is shown in the Fig.1. Before designing 

the efficient wireless charging system the LLC resonant 

circuit [14], contactless charging coils and rectifier including 

filters are three major components that should be considered. 

   

 
Fig. 1 Basic schematic diagram of wireless charging system including full 

bridge (High voltage) 

Particularly the charging transformer configuration 

including air gaps, external and internal produced 

electromagnetic interferences as well as structural errors need 

to be eliminated in order to produce an efficient system. As 
discussed in a previous paper [15], the air gap optimization 

was done at frequency of 60 kHz with a primary-secondary-

coil-distance of 14.5mm for a maximum power transfer.  

These optimized values are utilized to increase the power 

transfer efficiency by using different structured magnetic 



ferrite cores. In addition, the core can not only increase the 

efficiency but also minimizes flux leakages and avoids EMC 

problems. 

II. DESIGN CONFIGURATION OF HFHPD-WPT FOR EV 

Initially three configuration cases are discussed. The first 

configuration contains no ferrite core at the secondary side. 

The second model is using a planar ferrite core on both, 

primary and the secondary side. The third design investigates 

the power distribution of a ferrite core on the primary and 

secondary side of the transformer which is over lapping the 

coils, in order to avoid stray losses and hot spots at the 
magnetic core edges. Fig.2(A) shows a schematic diagram of 

wireless charging system for an electrical vehicle where the 

planar ferrite cores are fitted only at the primary side in 

underground structure while the secondary winding installed 

underneath of the car without any magnetic ferrite cores. For 

the second configuration, the primary winding with planar 

ferrite core is installed in the ground and the secondary coil 

mounted directly underneath of a car.  The schematic 

arrangement of this wireless charging configuration is 

presented in Fig.2 (B).  

 

    
(A)                                                    (B) 

Fig.2 A schematic of wireless charging system for EV (A) with planar ferrite 

core at primary winding only (B) both windings with magnetic core 

In the final case, a new proposed design arrangement of the 

wireless charging system is shown in Fig.3, where two U-

shaped cores are utilized on the car and on the ground. The 

idea behind this design is to minimize the leakage flux that 

appears on the edges of the coils, which can create EMC 

problems. The U-shaped edges capture the magnetic flux and 

divert it to the secondary winding to increase the magnetizing 

impedance of the system. Consequently, the secondary coil 

has a higher magnetic flux density than the other designs. 

 

 
Fig. 3 Wireless charging system for EV with U shaped edge planar ferrite 

core  

A bifilar concept is used to design the primary and 

secondary coil on FR4 PCB. The primary coil has total 40 

turns whereas the secondary has 50 turns. So that the voltage 

ratio is 1:1.25. The outer and inner diameter of the primary 

coil is 108 mm and 49 mm, respectively. However, the 

secondary coil’s shape is chosen in rectangular to increase 

contact surface area and reduce eddy currents by applying 

round corners. In this structure, the outer length and width are 

99×99mm whereas the inner space is 25×13 mm and the space 

between two coils is 1.6 mm and trace width is set at 0.5 mm.  

III. MAGNETIC FILED MEASUREMENT AND ANALYSIS 

A. Experimental results of HFHPD-WPT prototypes 

The near field measurement of the HFHPD-WPT using a 

near field scanner and probes is presented in Fig.3 (A) and 

(B). In Fig.3 (A), the result is measured when the planar 
ferrite core is only used on the primary side and the secondary 

does not have a magnetic core. The magnetic field in this 

arrangement is around 10 to 15 mV in the center area of the 

coils because the magnetic fluxes pass through hollow area 

and is released in the air.  
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Fig.5 Near field measurement of HFWPT (A) with magnetic ferrite on the 

primary side only (B) both sides 

 However, the near field measurement is carried out when 

the magnetic cores, that covers the entire coil area, are used on 

both sides. The measured result is demonstrated in Fig. 3(B) 
where the magnetic field is 1 to 1.5 mV at the edge due to 

leakages. Unlike, the center area has no magnetic flux 

distribution outside the core. This means that the losses are 

very low if the ferrite is used. 

B. Low frequency model’s magnetic field analysis using FEM 

In wireless charging systems, the magnetic field and the 

eddy current distribution for planar spiral coils can be 



determined by the following vector magnetic potential 

equation (1). 

 
( ) ( / ) .A A t J                                      (1) 

where A is the magnetic vector potential, and J is the current 

density, ν and σ are the magnetic reluctivity, and the 

conductivity respectively. With the help of linear techniques, 

the energy function is simplified. Galerkin’s method is 

employed to discretise the governing equation to resolve the 

problem. The following basic equation of the system matrix 

can be obtained is presented in equation (2). 

 
G = [S] {A} + [M] {A}-{K}    (2) 

 

where the matrix [S] and [M] are a global coefficient matrix 

and the time harmonic matrix respectively. [K] is the matrix 

of current source.  

C.  Simulation results 

 
Fig. 4 Magnetic field density and current density of the HFHPD-WPT 

prototype without ferrite core at secondary side, non-load condition  

 
Fig. 5 Magnetic field density and current density of the HFHPD-WPT 

prototype without ferrite core at secondary side, load condition 

In a wireless charging system for EV, planar magnetic 

ferrites have a significant effect on magnetic flux distribution 

and flux leakages are investigated by simulation method at the 

resonant frequency of 60 kHz. Fig.4 and 5 shows magnetic 

field density and current density of planar spiral coil in an 

axisymmetric structure when the planar magnetic ferrite core 

is installed at primary side only. Here, the length of the ferrite 

is the same as the outer boundary of the coil. In Fig.4, the 

analysis is being done in no-load condition while the full-load 

condition is presented in Fig.5. In this case, the magnetic 

fluxes are not only received by the secondary winding but it 

also goes at the edges and outside the ferrite core and in air. 

As a result, it generates eddy current and flux leakages. 

 
Fig. 6 Magnetic field density and current density of the HFHPD-WPT 

prototype with ferrite core on both sides, non-load condition  

  
Fig. 7 Magnetic field density and current density of the HFHPD-WPT 

prototype without ferrite core on both sides, load condition   

In Fig 6 and 7, the ferrite core is installed on the primary 

winding as well as the secondary winding is mounted 

underneath of the car. Fig.6 illustrates computational analysis 

result in no-load condition, while the full-load condition is 

demonstrated in Fig.7. In this arrangement, the magnetic 

fluxes which generates eddy current and flux leakages are 

stopped by the ferrite core at the secondary winding. 



 

In the above designs, the magnetic fluxes which leakages at 

the secondary side are solved but the flux leakages at the 

edges still causes a problem because of EMC consideration 
and generating hot spots. To alleviate this problem, a new 

proposed design is presented in Fig. 8 and 9 in no-load and 

full-load conditions respectively. The rectangle edges of the 

ferrite stops flux leakages at the edges and minimize the eddy 

current losses. They also divert the magnetic fluxes inside the 

core and to the secondary side. This result in improvement of 

the power flux distribution and lighten EMC problems. 

 

 
 

Fig. 8 Magnetic field density and current density of the HFHPD-WPT 

prototype with U-shaped ferrite cores on both sides, no-load condition 

 
Fig. 9 Magnetic field density and current density of the HFHPD-WPT 

prototype with U-shaped ferrite cores on both sides, load condition 

IV. CONCLUSION 

A U-shaped planar magnetic ferrite is an excellent design 

for a wireless charging system because of its improvements of 

a better magnetic flux distribution and this configuration 

reduces stray fluxes. The near field measurement is done with 

the help of the near-field scanner and probes. FEM is used to 

analyze the magnetic flux and eddy current distribution. When 

the ferrite is used at the secondary side as well as at the 

primary side, it reduces the flux leakages that go in other 

direction but this is unable to solve the leakage flux at the 

edges. As a result, advanced design with a U-shaped magnetic 

core is able to solve this problem by feeding back the 

magnetic fluxes into the core and to the secondary side. 

Consequently, this design is able to solve flux leakages, eddy 

current and improves power distribution abilities of the system.  
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