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1. INTRODUCTION  
 
Home appliances, tablet PCs, and portable mobile 

devices are powered or charged through wires. It involves 
the entangled cords and the resulting risk of fire, 
inconvenience from the different chargers for different 
devices, and spatial limitations due to the wire length. To 
address these problems, the wireless power transfer 
technology has been introduced. In the early 20th century, 
Tesla first suggested the short-distance magnetic-induction 
type wireless power transfer. In addition, the MIT 
Professor Marine Soljacic's team demonstrated wireless 
power transfer using the magnetic resonance use the 
resonance between the transmitter and receiver coils [1]. 

Wireless power transfer using the magnetic resonance 
uses the resonance between the transmitter and receiver 
coils that have the same resonance frequency. Therefore, it 
can overcome the problems of the degree of freedom 
regarding the coil position and the transfer distance [2]. 
The authors observed that the transfer efficiency increased 
when the superconductor coil was applied to the existing 
magnetic resonance technique [3]. To apply the technique 
to the real life, however, a study on the wireless power 
transfer characteristics according to the different adjacent 
materials is required. In this study, the HFSS simulation 
program was used to implement aluminum and plastic 
screens between the superconductor transmitter and 
receiver coils. Then the shielding material was positioned 
at 5 cm and 95 cm from the transmitter coil. 

2. MECHANISAM OF WIRELESS POWER 
TRANSFER SYSTEM 

 
2.1. wireless power transfer using the magnetic resonance  

Wireless power transfer system using the magnetic 
resonance uses the resonance phenomenon of the 
inductance and capacitance. The same frequency of the 
transmitter and receiver coils is called the resonance 
frequency. Wireless power transfer system using the 
magnetic resonance has the impedances such as inductance 
and capacitance. For the resonance to occur, the imaginary 
part of the impedance must be zero in the circuit that has the 
inductance and capacitance. Eq. 1. shows resonance 
frequency(fr)[4]. 
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2.2. Quality-factor of the superconductor coil 

In implementing wireless power transfer system using 
the magnetic resonance, the quality factor (Q-factor) 
represents the performance and transfer efficiency of the 
resonator. The energy stored in the resonator fades away 
with time due to the resistance of the resonant coil. The 
degree of loss is represented by the Q-factor. Therefore, a 
low loss may increase the Q-factor improved the 
selectivity. 

The previous studies have shown that the 
superconductor coil has a high frequency selectivity 
because it has a lower energy loss than that of the normal 
conductor coil [3]. Eq. 5 shows the equation of the 
Q-factor. 
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Wireless power transfer technology is using the magnetic resonance recently drawing increased attention. It uses the resonance 
between transmitter and receiver coils to transfer power. Thus, it can improve the transfer distance and efficiency compared with the 
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2.3. Shielding effectiveness   

The shielding effectiveness (SE) refers to the effect of 
the electromagnetic field that occurs due to the shielding of 
a specific area using conductors, ferromagnetic materials 
and non-conductors. The shielding effect can be calculated 
as in Eq. 6. 
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Eiw is the incident energy, and Epw is the transmitted and 

transferred energy in dB. 
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Eq. 7 is according to the law energy conservation about 

the incident energy (Ein). The incident energy is a part of the 
reflected energy E1 and E2 that penetrates into the shielding 
material on the shielding material surface. According to the 
principle of the conservation of energy, the sum of E1, E2, E3, 
and Eout, is the incident energy. E3 is the energy that has not 
been transmitted and transferred. This is caused by the 
property of the shielding material, which is the shielding 
effect. Eq. 8 shows the shielding effect. 

 
BRASE ++=                                                             (5) 

 
SE is the electromagnetic field intensity that decreases 

due to the effect of the shielding material. A is the 
absorption loss, R is the reflection loss, and B is the 
multiple reflection loss. SE changes according to the 
shielding material and frequency [5-8]. 

 
2.4. S-parameter of transmitter and receiver coils 

S-parameter means the ratio of the input voltage and the 
output voltage. Therefore, We compared the transmission 
efficiency of the WPT system through the measurement of 
the S-parameters. Eq. 6. shows reflection coefficient [9]. 
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3. SIMULATION MODEL 
 

Fig. 1 shows the wireless power transfer system with the 
superconductor coils according to the shielding material 
position. Table 1 shows the specifications of the 
superconducting coil [10]. 

Aluminum and plastic of shielding materials, which are 
most common in real life, were used. Table 2 shows the 
specifications of the superconducting coil. 

To analyze the wireless power transfer characteristic by 
shielding material, the shielding materials were designed so 
that they were larger than the diameter of transmitter and 

 
(a) 

 

 
(b) 

 
Fig. 1. WPT system using the superconductor coil 
according to the shielding distance (a) 5 cm (b) 95 cm. 

 
receiver coil (50 cm x 50 cm x 0.2 cm).  

In addition, to analyze the reflection coefficient 
characteristic of the transmitter and receiver coils 
according to the shielding material, the shielding materials 
were placed at 5 cm and 95 cm from the transmitter coil as 
shown in Figs. 1(a) and (b). 
 
 

4. SIMULAION RESULTS AND DISCUSSION 
 

After the wireless power transfer system was organized 
using the superconductor coil as shown in Fig. 1, the 
S-parameter was analyzed according to the position of the 
shielding material. 

Fig. 2 (a), (b) shows the S-parameters when the shielding 
material was at 5 cm from the transmitter coil. The 
reflectance coefficients of the aluminum and plastic 
shielding materials were -39.57dB and -19.78dB, 
respectively. 

Fig. 3 (a), (b) shows the S-parameters when the shielding 
material was at 95 cm from the transmitter coil. 

The reflectance coefficients of the aluminum and plastic 
of shielding materials were -18.84dB and -18.62dB. 
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TABLE I 
SPECIFICATION OF THE SUPERCONDUCTOR COIL(SC). 

Parameter Value 
Diameter of the source and the load coil (mm) 250 

Diameter of the resonance coil (mm) 300 
Number of turns (turn) 8.5 

Resistance (Ω ) 0.1 
Q-factor 1.64e4 

Thickness of the SC (mm) 0.1 
Widths (mm) 12 

Critical current of the SC (amp) 240 
Critical Tensile Stress of the SC (MPa) >550 (at 77K) 

 
TABLE II 

SPECIFICATION OF SHIELDING MATERIALS. 

Parameter Value 
Aluminum Plastic(PVC) 

Width(cm) 50 50 
Height length(cm) 50 50 

Thickness(cm) 0.2 0.2 
Relative permeability 1 1.9×106 

 
TABLE Ⅲ 

S-PARAMETER AND RESONANCE FREQUENCY OF THE SUPERCONDUCTOR 
RESONANCE COIL WITH A SHIELDING MATERIAL POSITIONED AT 5 CM. 
Shielding 
materials S-parameter(S11) Resonance 

frequency 
Aluminum -39.57dB 9.6MHz 

Plastic -19.78dB 9.6MHZ 
 

TABLE Ⅳ 
S-PARAMETER AND RESONANCE FREQUENCY OF THE SUPERCONDUCTOR 
RESONANCE COIL WITH A SHIELDING MATERIAL POSITIONED AT 95 CM. 

Shielding 
materials S-parameter(S11) Resonance 

frequency 
Aluminum -18.84dB 9.6MHz 

Plastic -18.62dB 9.6MHz 

 
Tables Ⅲ and Ⅳ show the reflectance coefficients and 

resonance frequencies when the shielding material was at 5 
cm and 95 cm from the transmitter coil. At 5 cm, the 
reflectance coefficient was far lower for the aluminum of 
shielding material than for the plastic of shielding material. 
At 95 cm, although both shielding materials had low 
reflectance coefficients, the plastic of shielding material 
had a slightly higher reflectance coefficient. In addition, the 
resonance frequency increased when the plastic of 
shielding material was used at 95 cm. The non-conductor 
plastic disturbed the electromagnetic field, and increased 
the reflectance coefficient. On the contrary, the 
non-magnetic material aluminum had a low reflectance 
coefficient due to the magnetic shielding material effect 
that allowed the magnetic field to pass by the desired space. 

Fig. 4 shows the H-field of WPT. Fig. 4 (a) shows the 
H-field when shielding material was aluminum. The 
H-field couldn’ t pass through shielding material. Fig. 4 
(b) shows the H-field when shielding material was plastic. 
H-field through the plastic. Because of this, The H-field 

 
(a) 
 

 
(b) 
 

 Fig. 2. S-parameter when the distance between the 
transmitter coil and the shielding material is 5 cm (a) 
Aluminum (b)Plastic. 

 

 
(a) 

 

 
(b) 

 
 Fig. 3. S-parameter when the distance between the 
transmitter coil and the Shielding material is 95 cm (a) 
Aluminum (b)Plastic. 
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(a) 

 

 
(b) 

 
Fig. 4. H-field of the WPT (a) aluminum (b) plastic. 

 
of receiver coil was decreased. We confirmed that the 
H-field of the WPT was effected according to shielding 
material. 

 
 

5. CONCLUSION 
 

To implement the wireless power transfer system using 
the superconductor coil in real life, the characteristics of 
the adjacent materials should be studied. In this study, the 
HFSS simulation program was used, and aluminum and 
plastic of shielding materials were placed at 5 cm and 95 
cm from the transmitter coil. Then the reflectance 
coefficients were comparatively analyzed. At 5 cm, the 
reflectance coefficient of the aluminum of shielding 
material was lower than that of the plastic of shielding 
material, and had a higher transfer efficiency. At 95 cm, 
both the reflectance coefficients of the aluminum and 
plastic of shielding materials were low. We found that the 
shielding effect decreased as the shielding material was 
getting distant from the power supply, the transmitter coil, 
and the effect of the shielding material was not significant. 
The transfer efficiency will increase when the cooling 
container is fabricated using the aluminum material that has 
a low reflectance coefficient in the wireless power transfer 
system with the superconductor coils. 
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