
Optimal operating conditions of YBa2Cu3Oy HTS diode with a PrBa2Cu3Oy buffer layer 
Akihito Mizuno, Yuji Tsuchiya (Nagoya University), Satoshi Awaji (Tohoku University), Yutaka Yoshida (Nagoya University)

Vapor-Liquid-Solid (VLS) Growth techniqueIntroduction

Experimental methods 

Objective

Results & Discussion

Conclusion Acknowledgements

THU-PO3-617-05

 Sample preparation Table Various parameters in film deposition

Fig. Schematic drawing of  a PLD method

 Measurement  Definition of asymmetricity

Table Various parameters in measurement 

10 T cryogen-free superconducting 

magnet with a He-gas flow cryostat 

at IMR, Tohoku University

Vortex motion

up

Bottom  →     Top

down

Top     →   Bottom 

Asym. =
Ic
down

− Ic
up

(Ic
down

+ Ic
up

) / 2
× 100 [%]

Fig. Schematic drawing of critical current Ic
and Lorentz force F direction 

This work was partly supported by JSPS-

KAKENHI (20K15217, 20H02682, 21H08172),

JST-A-STEP, and NEDO. The metal substrates

were provided from Dr. Iijima of Fujikura Ltd. This

work was collaboration research with HFLSM in

Tohoku University.

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
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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
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 BMAX > Bc1

BMAX was inconsistent with Bc1(Bean-Livingston model)

 dBMAX/dT ≈ dBc1/dT (T > 35 K) 
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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) 

 Oxygen vacancy (Random pin, Weak pinning)
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Fig. Magnetic field dependence of Ic
up and Ic

down in (a) YBCO films(YBCO) and 

(b) YBCO films grown on a PrBCO buffer layer(YBCO/PrBCO).
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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)

PrBCO buffer layer enhances rectification

due to the strain relaxation
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Effect of PrBCO buffer layer on Asym.MAX

 Field dependence of Asym.

 Field dependence of Ic

Strain relaxation → Small λ(x) → Large U(x), dU(x)/dx

Fig. Schematic drawing of the lattice strain 

at the bottom interface of YBCO and U(x).
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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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