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Interfacial roughness plays an important role in the magnetoresistance of magnetic multilayers, yet
the relationship between roughness and the magnetic properties at interfaces is not well understood.
In recent years, x-ray resonant magnetic scattering~XRMS! has been developed to investigate the
interaction of polarized x rays and magnetic materials. By combining XRMS in azimuthal
transverse scans, the diffuse intensity scattered from the roughness of the boundary between
magnetic and nonmagnetic layers can be probed to yield information on the relationship between
magnetism and interfacial roughness that cannot be obtained by any other method. Using
synchrotron produced circularly polarized x rays tuned to theL2 edge of Co, x-ray diffuse intensity
scans for a fixed angle of incidence are made for sputter deposited Co films and Co/Cu/Co
sandwiches. For smooth films, the ratio of the XRMS diffuse intensity to the XRMS specular
intensity is smaller than the ratio of the average specular intensity to the average diffuse intensity.
In addition, the shape of the XRMS diffuse intensity differs from the average diffuse intensity. We
conclude that the roughness of the magnetic boundary between magnetic and magnetic layers is less
than the interfacial roughness, and that long-wavelength roughness contributes more to magnetic
scattering than does short-wavelength roughness. By depositing identical magnetic films on
substrates with well characterized laterally correlated roughness, we investigate the effect of the
roughness feature size on the XRMS diffuse intensity. We find that for long-wavelength laterally
highly correlated roughness, the roughness of the magnetic boundary is the same as the interfacial
roughness. ©1997 American Institute of Physics.@S0021-8979~97!76808-7#
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During the last few years, there has been considerable interest in devices of the spin transistor
geometry such as those of M. Johnson. These devices consist of current flowing from a ferromagnet
to a paramagnet, with voltage probes placed perpendicular to the current flow in the paramagnet.
First theoretical calculations require anomalously large spin polarizations in order to explain the
magnitude of the observed effect. To obtain a more detailed understanding of this and similar
experiments, we have solved a set of coupled drift-diffusion equations for spin-up and spin-down
electrons in two and three dimensions. This allows us to obtain the spin current, the charge current,
and the electrochemical potentials for both spins of electrons in the same geometry as the actual
experiments. As expected we can see the separation of spin and charge currents in these devices.
More importantly, for large voltage probes the potential is not constant across the part of the voltage
probe touching the sample. The actual voltage measured depends in detail on how the spin current
and charge currents relax within the voltage probes. This may explain some of the discrepancy in
understanding the spin transistor experiments. We have also examined a number of other nonplanar
geometries. In several of them we are able to realize a spin-current source in which there is a net
flow of magnetization, but no net charge current. ©1997 American Institute of Physics.
@S0021-8979~97!76708-2#
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