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Abstract

The Superconducting Properties of Niobium-Titanium Alloy Multilayers
James Drury McCambridge
1995

We fabricated and measured thin film Nbg 37Tig ¢3/Nb multilayers to examine the
roles of composition and geometry in determining the technologically important
properties of superconductors: the critical current density and the upper critical field.
Some Nby 37Tig.63/Ti samples were made as well. Individual layer thicknesses were of
order the superconducting coherence lengths in NbTi and Nb. The samples were
characterized by DC and A C electrical transport between 4.2 K and the critical
temperature in magnetic fields up to 6 T. We present the superconducting properties as
functions of the device geometry and the angle the applied magnetic field makes with the
layers. Samples were also characterized by x-ray diffraction, transmission and scanning

electron microscopy, and atomic force microscopy.

For applied fields near parallel with the layers, the upper critical fields showed
quasi-two dimensional behavior associated with the well-known 3D-to-2D dimensional
crossover of the superconducting order parameter. At these same angles, the critical
current densities of many of the multilayers showed strong peak effects versus field in the
range 0.2 - 0.5 H (7). These peak critical current densities are among the highest
achieved in the NbTi system, being 3 - 5 times the magnitude of J for conventional heat-
processed NbTi wire across the entire field range. We present a model of the competition

between the vortex-vortex and vortex-pin interactions which accounts for the qualitative

features of this peak effect.
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