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Abstract

We investigated the properties of artificial pinning centers of YBCO multilayer films in which Y,0; and ZnO
nanoparticles are uniformly introduced by using the pulsed laser deposition (PLD) technique. Y,0; and ZnO nanoparticles
were deposited on top of YBCO buffer layer and the density of nanoparticles was controlled by varying the number of
nanoparticle layers. YBCO superconducting layers with total thickness of 250 nm were deposited on top of Y,0; and ZnO
nanoparticles. Based on analyses of the surface morphology, the transition temperature 7., and the critical current density J,,
we discussed the difference between the two kinds of nanoparticles as flux pinning centers.
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@ nano-particle

Fig. 1. The schematic diagram of pure YBCO and
YBCO/nanoparticle - 3 layers.
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Fig. 2. XRD pattern of (a) YBCO/Y,0O; - 5 layers and (b)
YBCO/ZnO - 5 layers.
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Fig. 3. SEM image of (a) YBCO/Y,05 - 5 layers and (b)
YBCO/ZnO - 5 layers.
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Fig. 4. SEM images of (a) YBCO/STO (b) Y,03/YBCO/
STO and (c) ZnO/YBCO/STO. AFM images of (d) YBCO/
STO (e) Y,03/YBCO/STO and (f) ZnO/YBCO/STO.

Table 1. Particle analysis data of nanoparticles added in
YBCO buffer layer.

Particle Mean Mean
density diameter height
Y,05/YBCO/STO )
(40 pulses) 110/um* | 18.5nm | 0.11 nm
ZnO/YBCO/STO 150/ 30.5 1m 202
(10 pulses)

7t RS #EE =

Fig. 4°] AFM ©|"]|A|& EU|Z histogram
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E Table 19 G stqlth. Yx=d2to] 4= 2
= (particle density)® Y,05;7} 110/um*°]3l ZnO
= 150/um?o]™, H¥ 2 (mean diameter)
Y,0;7} 18.5 nm, ZnO+= 30.5 nm©| 1L, H 9|
(mean height)™= Y,0;7} 0.11 nm, ZnO% 2.02 nm
oty YAEe Hi AALS XRDS o] &3
Scherrer formula t = 0.94/(A0 cosOp) (t : particle size,
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A6 : full width at half maximum of a peak, 05 : peak
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Table 2. T, and AT, values of pure YBCO, YBCO/Y,0;
multilayer films, and YBCO/ZnO multilayer films.
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Fig. 5. R-T curves of (a) YBCO/Y,0; and (b) YBCO/ZnO
multilayer films compared the pure YBCO films. The
YBCO/ZnO multilayer films show transitions from both
a-axis and c-axis oriented grains.
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Fig. 6. The field dependences of the critical current density
(Je) of the pure YBCO and YBCO/Y,0; multilayer films.
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Fig. 7. The field dependences of the critical current density
(Jo) of the pure YBCO and YBCO/ZnO multilayer films.
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