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To investigate the optimal operating conditions of the YBa2Cu3Oy superconducting diode films 

toward the wireless-power-transfer superconducting magnet. 

 The optimal operating conditions of the YBCO superconducting diode films was 

investigated in an in-plane magnetic field of 0-10 T and at 35-88 K.

 The Asym.MAX showed the maximum value of -105.3% at 0.10 T and at 70 K in the YBCO 

films grown on the PrBCO buffer layer.

 Both the Asym.MAX and the BMAX were shown to be temperature dependent.

 Superconducting diode

Asymmetric I -V characteristics

Different Ic depending on the current direction

 Future application

Superconductor 

Wireless-power-transfer superconducting magnet

Fig. I-V characteristics of superconductor(left) and superconducting diode(right)

Fig. Schematic of conventional superconducting magnet Fig. Schematic of wireless power transfer superconducting magnet

Heat leak by current lead

Large cooling cost Cooling cost reduction

No heat leak

by wireless charging

J. Lustikova et al.: Nat. Commun. 9, 4922 (2018).

F. Ando, et al.: Nat. 584.7821 (2020).

77-88 K ( High-T )35-70 K ( Low-T )

BMAX increased monotonically with decreasing temperature

Asym.MAX : -103.2%(77 K, 0.08 T) → -40.7%(88 K, 0.04 T)

Discussion about BMAX

|Asym.MAX| at Low-T

Fig. Temperature dependence of |Asym.MAX| and BMAX in the YBCO/PrBCO. 

 T dependence of Asym.MAX and BMAX

Bc1 =
Φ0

4πλ(𝑇)2
ln(

λ

ξ
)Lower critical magnetic field Bc1

 BMAX > Bc1

BMAX was inconsistent with Bc1(Bean-Livingston model)

 dBMAX/dT ≈ dBc1/dT (T > 35 K) 

Flux pinning ＞ Surface barrier
Magnetic penetration depth λ vs  Specific length of the film

Fig. Magnetic field dependence of Ic
asymmetricity Asym. in the YBCO/PrBCO

in an in-plane magnetic field at 35-70 K.

|Asym.MAX| at High-T

Asym.MAX :  -105.3%(70 K, 0.10 T) → -13.6%(35 K, 0.18 T) 
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Fig. The typical asymmetric current-voltage

characteristics in the YBCO/PrBCO in an in-

plane magnetic field of 0.08 T at 77 K.

Fig. Magnetic field dependence of Ic asymmetricity Asym. in  the 

YBCO and the YBCO/PrBCO in an in-plane magnetic field at 77 K. PrBCO buffer layer enhanced Asym.MAX

Asym.MAX : 

the maximum of the Asym. for the magnetic field 

 Asym.MAX = -3.7 [%]

BMAX : 

the magnetic field where Asym. is maximum value 

 Asym.MAX = -103.2 [%]

 Asym. is almost independent of the magnetic field

 BMAX = 0.08 [T] (Blue arrow in the left figure)
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Fig. Magnetic field dependence of Ic
asymmetricity Asym. in the YBCO/PrBCO

in an in-plane magnetic field at 77-88 K.
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