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Figure 2 Effect of CD in the angular dependence of 
Mi for a 100 nm thick GdBa2Cu307 thin film, solid 
squares, and a 4 pm thick YBa2Cu307 single crystal, 
open circles. Inset: a sketch of the effect of surface 
boundary conditions on the vortex configuration. 

tracks at both surfaces, as sketched in the inset of 
figure 2, reducing the effective pinning length. This 
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Figure 1: Angular dependence of Mi at different H 
and T for a 100nm thick GdBa2Cu307 film with 
CD. The dashed line indicates the direction of the 
defects. The numbers indicate H in Tesla. 

broad and small peak, 9 similar to our GdBCO data. 
Vortex orientation in HTSC with CD is determined 

by the competition of several energies, as discussed 
in refs. 4 and 5. First, the maxim pinning of the CD 
tends to confine the vortices into the tracks. Second, 
the line tension decreases with O due to anisotropy, 
thus the energy decreases if vortices tilt towards the 
a,b planes. Third, shortening the vortex length 
reduces the elastic energy, thus vortices tend to align 
normal to the sample surface. Finally, the term 
-B.I-l/4x is minimized if the average vortex 
orientation (that defines the direetion of B) eoineides 
with H. For H>>Hci the last term dominates, thus 
B/ /H,  and J¢ maximizes for H//CD. 

In addition to the previous bulk effects, we must 
take into account that at the sample surface the 
normal component of the currents must cancel, so a 
vortex must reach the surface perpendicularly) For 
CD inclined with respect to the sample normal, this 
boundary condition pulis the vortices out of the 

reduction is more significant in thinner samples. 
Figure 2 provides a clear evidence of this effect, as 
equal distributions of CD produce widely different 
pinning m two samples of different thickness. 

The simplest analysis suggests that the length of 
the depinned segment should be comparable to the 
penetration depth (k), the characteristic length scale 
for vortex distortions. However, the fact that the 
uniaxial pinning by CD is still visible in the GdBCO 
film of thickness ~L/2 indicates that the vortex cores 
remain trapped into the tracks up to a distance from 
the surface considerably smaller than X. This may be 
due to the softening of the dispersive vortex line 
tension at short wavelengths in high K materials. 5 
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