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The normalized critical current density as a function of the 
applied magnetic field (Jcin-field measured at 5K, 40K and 65K, 
H//c) for the doped sample 1 and 2 are plotted in Fig.3, 4, and 
5, respectively, and compared with the reference sample 
(sample 3, pure YBCO film).  

 
Fig. 3 Normalized critical current density as a function of the applied mag-
netic field (Jcin-field ) measured at 5K for all three samples. 
 

 
Fig. 4 The normalized critical current density as a function of the applied 
magnetic field (Jcin-field ) measured at 40K for all samples. 

 

 
Fig. 5 The normalized critical current density as a function of the applied 
magnetic field (Jcin-field ) measured at 65K for all samples. 
 

Overall, both doping architectures (sample 1 and 2) dem-
onstrate better pinning properties than the pure YBCO film, 
however at different temperature regimes. At low tempera-
tures, the YBCO film uniformly doped with Fe2O3 shows 
better in-field performance. At high temperature range, the 
YBCO film with Fe2O3 on top shows a much better in-field 
performance than the pure YBCO film. This might be directly 
related to the different vortex line structures and pinning 

mechanisms at different temperature regimes. The buffer 
layer approach introduces a very uniform distribution of 
Fe2O3 nanoparticles in YBCO matrix. It is possible that these 
uniformly distributed magnetic particles interact well with the 
closely spaced vortex lines at low temperatures and therefore 
demonstrate a better performance than the surface doping 
case. While at high temperatures, the magnetic particles on 
the YBCO top surface pin the vortex lines better. Further 
study on the interaction between the magnetic nanoparticles 
and the YBCO vortices is needed to fully understand the pin-
ning mechanisms of these systems.  

III. CONCLUSION 

High quality YBCO thin films doped with Fe2O3 nanopar-
ticles were deposited on STO substrates with two different 
architectures to explore the flux pinning effects introduced by 
magnetic nanoparticles. At 65K and 40K, the sample with 
Fe2O3 nanoparticles deposited on top of the YBCO matrix 
shows a significantly enhanced pinning performance than 
pure YBCO film. At 5K, the sample with uniformly doped 
Fe2O3 nanoparticles demonstrates a better pinning property 
than the surface doping architecture. 
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