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Figure 30: Schematic illustration of the si-
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wave is created by a typically well-focussed synchrotron radiation beam, then its dimensions
will be much smaller than a typical sample, as indicated in the figure. Since the standing wave
only exists in the region where the beam hits the sample surface, and its phase is locked tightly to
the multilayer mirror, scanning the sample in the photon beam along the x direction effectively
translates the standing wave through the sample. In the example shown, the standing wave
would in particular scan through the Fe/Cr interface of interest, at some positions being more
sensitive to the Fe side and at some more sensitive to the Cr side.

Some results obtained with this method for the Fe/Cr interface are summarized in Figs. 31 and
32. The analysis combined XPS intensity and MCDAD measurements (not shown here) from
the 3p and 2p core levels of Fe and Cr, respectively. In Figure 31a is shown the variation of
the Cr3p/Fe3p ratio as the sample is scanned in the way suggested above, for several angles
of incidence near the Bragg angle. Oscillations in this ratio clearly reflect the passage of the
standing wave node and belly through the interface. In Figure 31b we compile “rocking curves”
in which the angle is varied around the Bragg angle for different positions x along the sample,
or equivalently different Cr wedge thickness d¢,. There are dramatic changes in the intensity
ratio in this data also.

Self-consistently analyzing these data with x-ray optical calculations of standing-wave photoe-
mission and only two variable parameters (the depth of onset of change in the Fe composition
and the width of a linear gradient as the interface changes from pure Fe to pure Cr) yields the
excellent fits shown to both types of data, and the parameters given at the left side of Figure 32a.
The MCDAD data for both Fe 2p and Cr 2p core level photoemission have also been measured
as the sample is scanned in the beam. The relative signs of the MCDAD signal for the Fe 2p
and Cr 2p levels are found to be opposite [66]. this immediately implies that a small amount of
Cr is oppositely magnetized compared to Fe, and this must be induced by the ferromagnetic Fe
layer, since Cr is normally antiferromagnetic. Similar data have been obtained at the 3p levels
of Cr and Fe. Further analyzing this data set with two parameters for Fe 2p and 3p MCD and
two parameters for Cr 2p and 3p MCD yields the atom-specific magnetization profiles shown
at right hand side of Figure 32a.

Thus, in the above described experiment the swedge method has permitted non-destructively
determining the concentration profile through an interface, as well as the atom-specific mag-
netization contributions through it. The swedge approach has also been used successfully to
determine layer-specific densities of states that can be linked changes in magnetoresistance as a
function of nanolayer thicknesses [68]. Several other possible applications of it have also been
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