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Report:
[DyFe,/YFe,] superlattices are single crystalline model systems for the study of magnetic springs, exchange bias effects

and interface exchange coupling phenomena. DyFe, is a hard ferrimagnet while YFe; is a soft one. The ferromagnetic

coupling between iron magnetic moments in both compounds results in an antiparallel coupling between the net

magnetization of DyFe, and YFe,.

Previous XMCD experiments (at the Dy and Y L3 edges) have been performed with the external magnetic field applied

parallel to the incident photon beam, to measure separately the DyFe, and YFe, magnetic contributions along the field

direction. They have shown an interesting magnetization reversal process, where the magnetization reverses first in the

hard DyFe, layers. Moreover, for superlattices with thin DyFe, layers (in the 3nm range), the magnetic configurations

that are stabilized under field still remain unclear:

(i) At 200K and under a strong applied field of £7T, the XMCD signal measured at the Dy L; edge is almost zero,
which reveals no net DyFe, magnetization along the field.

(ii) At 12K, the XMCD signal measured at the Dy L; edge does not depend on the external field, which reveals a
frozen DyFe, magnetic configuration in the —7T/+7T field range. This XMCD signal strongly depends on the
cooling field, which reveals the influence of the cooling process on the frozen magnetic configuration. As observed

at 200K, the signal is also close to zero for a 7T cooling field (report HE 1449).

The aim of the present experiment was to bring further insight into these magnetic configurations with no net DyFe,
magnetization along the field, and to the various configurations frozen at low temperature. The main idea was to
investigate the transverse component of the magnetization, i.e. the component perpendicular to the applied field.
XMCD measurements were performed at the Dy L; edge with a new experimental set up recently installed on the 1D12

beamline that permits a 0° and 90° orientation of the external field with respect to the direction of incoming X-rays.



A typical normalized XMCD spectrum obtained in this transverse geometry is shown in figure 1, together with the
corresponding normalized absorption spectra (The XMCD signal is the average of four measurements with 1 second
counting time per energy value). The XMCD signal is the signature of a component of the magnetization,

perpendicular to the applied magnetic field.
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Hysteresis loops for the transverse component of magnetization have been measured for the superlattice
DyFe,(3nm)/YFe,(13nm). The hysteresis loops measured at 200K, both in the transverse and longitudinal (previous
exp) configurations, are presented in figure 2. The transverse component depends on the field and especially, it reaches
its maximum value for large values of the magnetic field (+6T and —6T), when the longitudinal component is close to

zero. The magnetization thus exhibits a net component perpendicular to the magnetic field.
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Figure 2: Hysteresis loops measured for the Figure 3: Transverse and longitudinal XMCD signals as a
DyFe,(3nm)/YFe,(13nm) superlattice at 200K both in the fonction of the cooling field, measured at 12K for a
longitudinal and in the transverse configuration DyFe,(3nm)/YFey(13nm) superlattice.

The influence of the “cooling” field” has been also investigated at 12K. The transverse component is shown together
with the longitudinal one (previous exp) in figure 3. The transverse component appears to decrease continuously with

the cooling field and, as expected, its value is maximum when the longitudinal component is minimum.

These experiments have shown that it is possible to measure and investigate the field dependence of the transverse
component.

The experimental conditions have now to be improved, to increase the signal to background ratio and the counting rate,
so that a complete study may be undertaken.



